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ABSTRACT: This paper discusses the application of an innovative methodology for the design of low cost housing in 

Chile based on the concept of Performance Integrated Design, which aims to change common practice for the 

development of housing based on prescriptive regulations and non-interdisciplinary work, which has historically 

resulted in poor quality building requirements.  The first stage of the process consisted of defining performance 

requirements for aspects such as energy demand, U values, air tightness, indoor air quality, etc, for the specific case 

of low cost houses located in Temuco.  The second stage consisted of and integrated design process based on an 

interdisciplinary team of architects and engineers specialized on each of the performance aspects that were taken into 

account.  The result of this process was a prototype of a low cost house developed for the specific context, which 

includes passive design strategies for the orientation and group layout, the design of a breathing timber wall with low 

U-value, ventilation strategies for the supply of fresh air in winter conditions, etc.  It is expected that the implications 

of this work will go beyond the design of a prototype, into improving the methodology for the delivery of low cost 

housing in Chile. 
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INTRODUCTION 

The concept of Integrated Design Process (IDP) has been 

defined by IEA Task 23 [1] as a procedure that aims at 

optimising the building as an entire system and for the 

whole lifespan, achieved through interdisciplinary work 

from the beginning of the design process.   This study 

clearly states the differences between a traditional linear 

approach and an integrated design approach based on 

interdisciplinary collaborative work between different 

experts from early stages of the process, which represents 

a key element in the pursue of sustainable buildings.  

More recently, the concept of Performance Integrated 

Design (PID) has been used to define the integrated 

process that is performance-oriented, with an emphasis 

on methods, tools and procedures established to achieve 

clearly defined performance objectives.  

 

Performance Integrated Design PID should start with a 

clear definition of the performance indicators and 

requirements that would be pursue in order to orient the 

integrated process.   

 

In Chile, current regulations for energy and 

environmental performance of dwellings are limited to 

the definition of U values requirements for some 

elements of the envelope, but there are no performance 

requirements in terms of air tightness, indoor air quality, 

thermal comfort and overall energy performance.   

 

Therefore, the importance of setting up PID for the 

development of housing projects is not only important in 

terms of the benefits of facilitating interdisciplinary and 

collaborative work, but also in terms of defining 

performance requirements that could be verified during a 

whole building process, with the general aim of 

improving the quality of the housing stock. 

 

This paper reviews the process of Performance Integrated 

Design PID of a low-cost house in the south of the 

country, with the aim that the results obtained could be 

go beyond this particular experience into setting up 

conclusions that will change current methodologies, 

regulations and performance requirements for the 

development of future low-cost housing in the country. 

 

 

DEFINITION OF PERFORMANCE 

REQUIREMENTS 

The first stage of the design process consisted of setting 

up performance indicators and limit values for the 

specific case of low-cost housing located in Temuco, a 

city situated in the central-south area of Chile, at latitude 

39° S.  Temuco has a temperate climate, classified as Cfb 

according to Koppen-Geiger. Its average annual 

temperature is 11°C, while the warmest month - January 

– has an average temperature of 16°C, and the coldest 

month – July – has an average temperature of 7°C. 
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Current regulations for the housing sector provide 

minimum requirements for the thermal resistance of the 

envelope, in particular walls, roof, ventilated floors and 

partly for glazing.  There are no regulations in terms of 

air tightness, indoor air quality, thermal resistance of 

floors, and overall energy demand.  In addition, current 

U value requirements for walls and glazing are 

considered insufficient in relation to the local climate. 

 

This lack of appropriate performance requirements in 

current regulations has important implications in the low-

cost housing sector, that due to its high density 

occupation (dwellings of 42 to 55 m
2
 would allocate 

families of 4 to 6 people) presents problems such as poor 

indoor air quality and high indoor relative humidity that 

usually result in condensation and mould.  Apart from 

these serious building pathologies, fuel poverty generates 

low thermal comfort conditions, due to the fact that these 

families usually cannot afford heating.   

 

Therefore, the design process started with the setting up 

of performance indicators and limit values that went 

beyond current regulations, based on international 

regulations and best practice, keeping in view cost 

constraints associated with low-cost housing (Table 1).  

It also included some indicators that are not commonly 

present in international regulations, but are essential in 

the case of housing in the south of Chile, which is 

condensation risk and rain penetration through walls.   

Recent studies showed that these two aspects are at the 

top list of problems that occupants come across in their 

dwellings, particularly in lower socio-economic groups. 

 

 
Table 1: Performance Indicators and limit values 

Performance Indicator 

 

Limit value 

Heating energy demand (kWh/m
2
 a) 50 

U values Roof (W/m
2
°C) 0,35 

Walls (W/m
2
°C) 0,6 

Glazing (W/m
2
°C) 2,8 

Condensation risk – HR (%) 90 

Air 

tightness 

n50 (ach) 8 

n4 (ach) 2 

Sound 

insulation 

Impact Sound 

Insulation (dB) 

70 

Airborne Sound 

Insulation (dBA) 

45 

Rain penetration through walls (Pa) 600  

Indoor air quality (l/s pp) varies 

Earthquake resistance requirements Current 

regulations 

 

 

LOW COST HOUSING IN CHILE 

Low cost housing in Chile is based on a subsidizing 

system administered by the Secretary of Housing and 

Urbanism SERVIU.  The lowest fifth socio-economic 

group (the “vulnerable” group) is entitled to a full 

subsidy that allows them to afford a house of 

approximately U$ 20,000, while the second lowest fifth 

group (the “emergent” group) receives a subsidy that 

complements their savings in order to achieve a house of 

a higher cost, usually between U$ 27,000 and U$ 45,000 

[2]. 
 
 

 
Figure 1: Typical low cost house in Temuco  

 

 

The brief of the project consisted of the design of a low-

cost housing prototype for the “emergent” group located 

in the city of Temuco, conceived completely in timber.  

There was no specific site for the project during the 

design stage, so the challenge was to develop the unit, 

while working on a proposal for a suitable group layout, 

based on orientation considerations.   
 
 
 

INTERDISCIPLINARY TEAMWORK 

The design team was composed by architects and 

engineers, where one of the architects led the integrated 

design process and another architect was in charge of the 

design of the housing prototype.  The other members of 

the design team (energy efficiency, building physics, 

acoustic, thermal simulations and structural consultant) 

contributed with their different expertises (Fig. 2). 

 

The process was characterised by regular meetings of the 

design team, followed by meetings with clients and 

constructors.  The team composed by the design team, 

clients and constructors was defined as the “development 

team”, which played a crucial role in the design process.  

The role of the Secretary of Housing and Urbanism 

SERVIU in the design process, as clients, was extremely 

important, because their experience in low-cost housing 

provided relevant information in terms of regulations 

constraints, user perception, socio-cultural aspects, etc.  
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In addition, the role of the Chilean Chamber of 

Construction CCHC was also very important, as they 

complemented the process with their experience in low 

cost housing construction, including cost and 

technological aspects. 

 

Figure 2: interdisciplinary teamwork 

 

 

 

THE DESIGN PROCESS 

The design process was based on PID in terms of setting 

up performance requirements, proposing design 

strategies, analysing different performance indicators 

using both simple methods and more sophisticated 

software, verifying performance requirements and 

optimising the design of the house in order to achieve 

those requirements (Fig. 3). 

 

 
Figure 3: Performance Integrated Design (PID)  

 

One of the main challenges of the interdisciplinary team 

was to set up strategies to reduce condensation risk in the 

house.  The team came up with four different strategies 

that came together to achieve this task:  

 Locating the humid rooms (bath, kitchen) 

towards the southern façade, so that water 

vapour generated inside the house could be 

evacuated by the negative pressure of the 

prevailing north wind in winter (Fig. 4). 

 Incorporating 80mm of thermal insulation in the 

walls, based on the calculations that suggested 

that a minimum of 60mm was enough to control 

condensation risk at 90% of internal RH. 

 Designing a “breathing wall” that allows the 

water vapour to travel through the different 

layers of the wall and evacuate through the 

ventilated cavity located under the rain screen  

 Developing a natural ventilation strategy for 

winter conditions through the provision of 

aerators in outer walls. 

 

 
Figure 4: Ground floor plan 

 

The development of the breathing wall represented a 

major task for the interdisciplinary team, as it had to be 

structurally resistant to earthquakes, and low cost.  There 

are two different solutions for the wall where each 

generates the ventilated cavity in different ways, as it is 

shown on Fig. 5.  The structural resistance of the timber 

wall is given by the outer layer of OSB, so the provision 

of a simple cavity was difficult to achieve, requiring 

testing the proposal in the laboratory. 

 

 
Figure 5: Breathing walls 



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

 

 

Although there was no specific site for the project during 

the design stage, the team worked on a group layout of 

the units that was necessary in order to explore the best 

possible orientation.  Solar exposure is not normally a 

design consideration in low-cost housing, due to the 

usual diversity of sites in a master plan, but in this case 

the houses were designed in order to have good solar 

access from the east, north and west (Fig. 6).   

 

The width of a typical site for a low-cost house is only 

7.2 m, so the separation between the units allowed the 

sun from the north to hit only the first floor of the house, 

so in this area the team proposed a low cost sun space 

that provides the main door with a barrier from the 

stormy north winds in winter.  The habitable spaces of 

the house (bedrooms and living room) face east, north 

and west, while the bathroom and the kitchen face south. 
 

 
Figure 6: Shadowing study of the group layout in solstice and 

equinoxes  

 

 
 

Figure 7: Shadows between the units 21 June, 12:00 hrs 

(winter solstice)   

 

The sun space is very simple and low cost, covered in 

polycarbonate. A small window can be opened to 

connect the solar space to the interior of the house.  In 

addition, the barrier to the wind is a solution that can be 

easily upgraded by the users to provide an enclosed 

buffer space for the main door. 

 

The project included a thermal envelope that exceeds 

current regulations, considering 80mm of thermal 

insulation in walls, 150mm in roofs, 30mm in floors and 

double glazing.  In order to reduce the thermal bridges 

generated by the timber structure, the inner board 

consists of a composed panel with a layer of plasterboard 

and a layer of polystyrene.  

 

 

 
Figure 8: 3D model of the project   

 

 
 Figure 9: 3D model of the unit  

 

 

The heating energy demand was calculated by dynamic 

thermal simulation, considering an indoor design 

temperature of 20°C during the day and 17°C at night.  

The estimated demand is 48 kWh/m
2
a, which compares 

well with current two stories, low-cost houses in 

Temuco, which have a demand of 108 kWh/m
2
a [3].  The 

calculation of the heating demand considered heat losses 

from the ventilation system at a rate of 1,5ach, which 

explains why no further reduction was pursued.  This 

ventilation rate was calculated in order to provide 

adequate indoor air quality standards in the house, which 

has a small volume of air and high density occupation.  

Aerators in walls and ceiling would provide a constant 

ventilation rate.   

 

The final housing prototype has a floor area of 53 m
2
 and 

its selling cost will be approximately U$ 45,000, 

considering the construction of 17 prototypes in a final 

group layout that favours solar access as it was originally 

proposed.  It is expected that the houses will be ready for 

occupancy in December 2012. 
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PERFORMANCE INFORMED DESIGN 

The design process involved several analytical stages that 

informed many of the design decisions.  The design team 

used different analytical methods to verify that the 

performance requirements set up at the beginning of the 

process were fulfilled.  This included a wide variety of 

methods, from simple calculation procedures to complex 

simulation using validated software [Table 2]. 

 

 
Table 2: Verification method at design stage 

Performance 

Indicator 

Verification method at 

design stage 

Heating energy demand Software TAS 

U values NCh 853 

Condensation risk NCh1980; Nch1971; 

Nch1973 

Sound insulation Software Insul 

Indoor air quality  CTE-HS3, UNE 100-012; 

UNE 100-011 

Earthquake resistance 

requirements 

Software ETABS 

 

 

 

CLOSING THE LOOP 

This Performance Integrated Design process of this 

project will not end at the design stage, but will continue 

through a second stage of inspection and control of the 

building process and a post-occupancy evaluation and 

monitoring [Fig 10].   

 

 
Figure 10: Three main stages of the process 

 

The inspection and control stage has the aim to ensure 

that the building process achieves the desired standards, 

as constructors of low cost housing in Chile are not 

always used to energy efficient strategies.  The process is 

expected to include the same performance indicators that 

were established at design stage, using experimental 

methods to verify performance indicators [Table 3]. 

 

Finally, post-occupancy evaluation will be carried out in 

order to find out users’ perception on environmental 

comfort in the house, as well as their general opinion.   
 

The development of the three stages of the process is 

vital to close the loop between design, construction and 

occupancy, making it possible to feed the design process 

of future low cost housing. 

 
 

Table 3: Verification method at construction stage 

Performance 

Indicator 
Verification method at 

construction stage 

U values Test method ISO 9869, 

ASTM C104 

Thermography (ISO 6781) 

Condensation risk Test method NCh2457 

Air tightness Blower door test (ASTM 

E779-87) 

Sound insulation Test method 

Rain penetration 

through walls  

Movable infiltration test 

chamber (NCh2821) 

Indoor air quality  CO2 monitoring 

 
 
 
 

CONCLUSIONS 

This is the first recorded initiative of a Performance 

Integrated Design process for the development of a low-

cost house in Chile, and the outcome has proved to be 

very valuable for all the parties that were involved in the 

process.   

 

The final outcome is a group of 17 houses that would 

have much better performance standards than current 

practice, at a similar cost.  It is expected that these houses 

will enhance the quality of life of their occupants, which 

will be evaluated at post-occupancy stage. 

 

However, the implications of this process are expected to 

go beyond the specific initiative, as the Secretary of 

Housing and Urbanism – SERVIU – after this 

experience, is interested in changing the methodology for 

developing low-cost housing in Chile, to promote 

integrated design, and mostly, to include performance-

based regulations for all future low-cost housing 

regulated by the state.  This is a major shift considering 

that actual SERVIU regulations are mostly prescriptive 

and the process for developing housing projects is 

usually linear and centred on the architect. 
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