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Preface

In a perfect human settlement - providing food, shelter, communications, 
employment, an efficient environment for the occupants’ better performance - all 
human needs are satisfied without significantly polluting or destroying the natural 
environment. The depletion and degradation of natural resources and their effects, 
diseases, and disasters must be taken into consideration. This is a global problem 
so there must be cooperation. The contents of this book are based on the different 
architectural strategies that aim to achieve a low-energy, healthy, and sustainable 
built environment using the extensive experience of the authors, researchers, and 
scientists in architecture, planning, and construction.

In addition to covering primer passive design principles in different climatic 
conditions through examples, the book devotes sections to different sustainability 
point of views: environmental, social, and economic. Determining the needed 
strategy according to function, economy, and occupant comfort and affordability is 
the crucial step. Creating a framework for designing and building sustainable and 
durable structures is important in order to reduce carbon emissions and operation 
costs. This book helps the reader achieve a sustainable development without 
destruction of the resources while also growing a universal awareness of protecting 
the living and non-living environment.

The book contains an introductory chapter and four chapters authored by several 
academicians and researchers in the housing field. Within every chapter, the reader 
will be given an overview of determined parameters on the subject and, in many 
cases, a description of the authors’ original proposed solution. The content of the 
book is organized as follows:

Chapter 1: Introductory Chapter: Healthy and Affordable Housing 
Strategies

This chapter focuses on healthy housing due to the sustainable design strategies 
not having any harmful results on human and environmental health. This chapter 
shows that according to sustainability criteria, not only the environmental 
responsiveness but also social and economic responsiveness should be taken into 
consideration.

Chapter 2: Effects of Street Geometry on Airflow Regimes for Natural 
Ventilation in Three Different Street Configurations in Enugu City

In this chapter, efficient natural ventilation, according to the micro climate 
conditions of an urban environment, is analyzed. Two different regions 
(recirculation region and ventilated region) in an urban street have different 
characteristics because of the flow and the street geometry. This chapter looks at 
these regions of airflow cultivation in a high-density residential settlement in a 
tropical African city as a case study.
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Chapter 3: Fundamentals of Natural Ventilation Design within 
Dwellings

This chapter presents the parameters that are intricate to occupant satisfaction; 
such as acoustical, lighting, indoor air quality, and thermal comfort. These occupant 
phase issues are generally ignored by the designers and constructers. It is stated 
in this chapter that natural ventilation is an excellent alternative to achieve an 
adequate indoor environment in a sustainable manner.

Chapter 4: Comprehensive Strategy for Sustainable Housing Design

Sustainable housing strategies, maximizing occupants’ well-being, and minimizing 
the environmental load are the main concern of this chapter. In order to create a 
framework for this phenomenon, the author(s) generated a sustainability checklist 
and design guidelines. The chapter also presents a comprehensive visualization in 
order to adjust sustainable housing design to suit different and changing situations.

Chapter 5: Social Innovation and Environmental Sustainability in Social 
Housing Policies: Learning from Two Experimental Case Studies in Italy

The chapter discusses approaches and solutions developed by social housing in 
contemporary cities, using two Italian case studies. By analyzing housing strategies 
in a broader perspective in terms of its procedural dimension, the author(s) 
focus on two Italian social housing case studies. The important measures such as 
temporariness, flexibility, and the coordination are examined. The social, planning, 
architectural, and environmental quality of these two cases are represented.

Chapter 6: Socioeconomic Influences on Affordable Housing Residents: 
Problem Definition and Possible Solutions

The last chapter focuses on socioeconomic status (SES) as a powerful social 
determinant of health. After defining affordable housing, the author(s) discuss the 
future developments to improve the long-term health outcomes of these individuals 
and families due to survey data and geographical analysis. At the end they propose 
solutions to identify potential changes to affordable housing to promote

Summing up the issues presented in the book, it is directed at academic researchers, 
practitioners, and students in the housing and construction field. This book is 
the result of many collaborating parties. I gratefully acknowledge the assistance 
provided by Gordon Tot and Ivan Butkovic, Author Service Managers, and thank 
all the authors who contributed to this volume.

September 2019

Dr. Aysem Berrin Cakmakli
Middle East Technical University,

Ankara, Turkey
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Chapter 1

Introductory Chapter: Healthy and 
Affordable Housing Strategies
Aysem Berrin Cakmakli

1. Introduction

In a satisfactory human settlement—providing food, shelter, communications, 
employment, and efficient environment for the occupants’ better performance—
all human needs are satisfied without seriously polluting or destroying the natural 
environment. All buildings must take place in the ecological cycle. Dynamic 
ecosystem can be formed from the relation with environment and buildings in 
a holistic view. However, the technological and economic development causes 
human beings to forget about or ignore ecological culture and buildings. As a result 
of this, one of the largest consumers of energy, housing sector, and its unconscious 
occupants’ activities negatively affect the environment and conclude climate 
change. As highlighted in recent environmental studies, there are few areas in the 
world that can be considered “natural.” Nearly half of the earth’s surface is (in)
directly affected by human interventions. Housing areas and transportation infra-
structures have been prevailing in the development of a continuous and integrated 
green infrastructure in cities. Their critical contribution to urban climate strategies 
becomes undoubtedly evident when recent investments in both fields—construc-
tion areas and transportation—are considered. Since 1990, a variety of urban 
redevelopment and urban transformation projects, which introduced new residen-
tial and commercial areas, were added to the cities. The impacts of this changing 
urban form and density of the newly planned blocks on urban climate should have 
been investigated [1]. In order to avoid this, climate mitigation and adaptation 
strategies and energy-conservative and locally adaptive solutions should be applied 
to this sector. Architects and engineers have a major role in resolving the associated 
problems and maintaining comfort for occupants besides this. The contents of 
this book are based on the different architectural strategies that aim to achieve a 
low-energy, healthy, and sustainable built environment and its occupants through 
the extensive experience of the authors, researchers, and scientists in architecture, 
planning, and construction.

2. Sustainable housing strategies

Sustainable design includes resource and energy efficiency and healthier 
buildings and building materials that do not create building-related illnesses and 
supply-sensitive landscape. Among the architectural processes, flexible green 
site development and enhanced natural environment and resources are seen. 
Environmental responsiveness is applied to buildings by using such natural 
resources as the sun, wind, landforms, and natural vegetation to provide heating, 
cooling, lighting, ventilation, and protection from the elements. It is applied to 
infrastructure by capitalizing on natural features for water management, erosion 
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control, and roadway design. It is possible for a new development not only to 
minimize damage to the local ecosystem but also to improve the surroundings. 
Sustainable building practices, the guidelines of reuse, reduce, and recycle to pro-
vide performance standards could be made concerning building design, elements, 
building materials, and energy and water systems. Besides this, sustainable design 
initiatives ensure environmental quality and performance of design by legisla-
tions and rating systems. The design should cut down the use of natural resources 
with a combination of energy-efficient technology and create less pollution than 
a standard production from the manufacture of the construction materials to the 
final work. Building orientation and its thermal mass capacity, natural ventilation, 
daylighting, and other passive strategies can lower a building’s energy demand and 
increase the quality of the interior environment and comfort of the occupants [2]. 
The buildings must be designed to take advantage of the sun’s energy and to avoid 
the summer’s extreme heat. A tremendous amount of energy presently coming 
from nonrenewable sources can be saved. An example building of efficient energy 
use through proper design can be constructed with passive solar design, insulated 
buildings envelope, active low-energy systems, and active solar technologies. Using 
appropriate amount of fenestration to allow daylight, heat, and airflow into a build-
ing only when beneficial and arranging necessary natural or architectural shading 
devices to control heat gain are inevitable passive strategies to apply the designs. 
The process of supplying or removing air from an indoor space can be achieved by 
natural forces without the need of active or mechanical systems in different loca-
tions and climates; it is one of the main goal of passive housing strategies. On the 
other hand, these strategies in macroscale such as the geometry of buildings and 
periphery environment are also important parameters while designing. One of the 
main concerns of this book is explaining these parameters for urban environment in 
different climatic conditions through examples.

Bioclimatic architecture concerns the climate and environmental conditions 
to achieve thermal comfort inside of a building. To supply this, there should be 
perfect connection between design and natural elements such as sun, wind, rain, 
and vegetation, leading us to an optimization of resources. All new climate-adaptive 
dwellings will have to comply with many innovative techniques and specific archi-
tectural and technical criteria in order to reduce energy consumption through and 
have more comfortable dwellings. But it does not mean that there should be a com-
plete dependence on mechanical systems, but they should be regarded as support. 
A good example of this is using natural ventilation or mixed mode ventilation [3]. 
The design of buildings and spaces should embrace and respond to the local climate 
by providing thermal and visual comfort, making use of solar energy and other 
environmental sources for heating, cooling, and lighting the buildings. Bioclimatic 
architecture makes the best use of the climate and the behavior of the occupants so 
as to reduce energy needs as much as possible. The key thing is to keep the inside 
of the dwelling comfortable without necessarily using air conditioning. One of 
the latest trends in architecture is to use new technology to enhance, amplify, and 
measure the performance of traditional bioclimatic techniques. Before being a slave 
of technical developments, the people inside older buildings were very good at 
adapting to climate to get the maximum performance [4].

Environmental education and being conscious through proper environmental 
development in designing activities and selecting building materials and products 
are also very important. Environmentally preferable building materials are durable 
and need low maintenance. Careful selection and specification can limit impacts on 
the environment and occupant health within the parameters of performance, cost, 
esthetics and availability. Modern constructions and surfaces due to the technologi-
cal developments make human life easy in most areas as well as the environmental 
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and human health problems they create [5]. While choosing surface materials, the 
framework of selecting building materials should be balanced environmental, social, 
and economic issues. Health and pollution should be of growing concern [6]. As 
buildings become more complex, liability and responsibility upon the shoulders of 
designers and to some extent the constructors of buildings also increase. Risks should 
be identified. This book is directed primarily for researchers, architects, construc-
tion planners, and building operators in order to make the proper selection from the 
design stage and take appropriate action to minimize environmental damage [7].

Besides environmental responsiveness, sustainability has another two main 
headings, economic sustainability and social sustainability. Although design-
ers generally overlooked as an issue related to sustainable design, the impacts of 
the economic sustainability should be clearly measured and quantified. Just the 
opposite, social sustainability impacts are often intangible and difficult to measure 
especially at the scale of master planning and new community development. The 
contribution of the buildings to social sustainability is providing environments 
to meet social values like health and wellness, security and resilience, equity, and 
accessibility.

Determining the needed strategy according to function, economy and occupant 
comfort, and affordability is the crucial step. Affordable housing strategies are 
one of significant parameters of the health of individuals, families, and communi-
ties. The focus in contemporary domestic architecture seems to have shifted from 
human comfort to maximizing profits. Residential units are no longer designed to 
offer satisfactory accommodation; the number of rooms rather than the quality of 
space takes precedence, since the price of a flat is more dependent on the number 
of bedrooms rather than its area. Usually, kitchens are not large enough to accom-
modate all the functions associated with them, bedrooms are too small, and storage 
space is not even an issue. Poor accommodation conditions that expose mold, pests, 
and/or chemical toxins are harmful to human health. Besides physical effects, lack 
of affordable housing can be detrimental to the mental health of people living in 
low-to-moderate income, particularly for children and adolescents.

3. Conclusion

Buildings are not being designed according to user needs and preferences; the 
number of renovation and alteration projects has increased significantly during 
the past few years. The process of producing design guidelines should have these 
three steps: first, identifying environmental, social, and economic problems related 
to housing; second, determining the requirements to overcome these; and last, 
defining the desired goals for the satisfaction and well-being of the occupants and 
their environment. The problem is not only industrial and agricultural development 
processes but also the lack of adequate development. For developing and developed 
countries, the situation is different. Technology is needed for achievement of 
sustainable and environmentally sound development. But if it is not controlled, the 
nature is negatively affected for providing better economic situation. Developing 
countries should devise and adopt technologies which are better suited to their 
economic and environmental settings. For rural development, the generation and 
provision of energy should be based on solar potential and local resources. Creating 
a framework for designing and building sustainable and durable structures and 
environment is unavoidable in order to reduce carbon emissions and operation 
costs. This book makes the reader take enlightened decisions to achieve sustainable 
development without destruction of the resources with growing universal aware-
ness of protecting the living and nonliving environment.
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Chapter 2

Effects of Street Geometry on 
Airflow Regimes for Natural 
Ventilation in Three Different 
Street Configurations in Enugu 
City
Jideofor Anselm Akubue

Abstract

Efficient natural ventilation is dependent on the micro climate conditions of an 
urban environment. This is affected by ambient wind flow, radiation and air tem-
peratures. The airflow within the urban street can be cultivated into two regions. 
The first is a recirculation region, which forms in the near wake of each building. 
The Second is a ventilated region downstream of the recirculation region, formed 
when the street is sufficiently wide. The development of the flow into these two 
regions depends on geometry. This chapter looks at the impacts of street geometry 
on these regions of airflow cultivation in three different street configurations in 
high density residential settlements in Enugu city. It utilized schematic analysis 
of airflow regimes to identify the behaviors of flow in these street configurations 
relative to the height and width ratios of the street canyon. This schematic analysis 
can be utilized in preliminary design studies by city and building designers for 
justifying street dimensions and configurations in tropical regions where natural 
ventilation is paramount.

Keywords: urban street canyon, street geometry, street ventilation,  
natural ventilation, canyon effect

1. Introduction

Achieving natural ventilation is subject to the micro climate conditions of an 
urban environment. This is dependent on the ambient wind flow, radiation and 
air temperatures of the location. At the micro level, the urban space geometry is 
the most relevant parameter responsible for the microclimate variation [1]. Recent 
studies on urban air flow conditions identified the structure of wind field as charac-
terized through the creation of vertical structure which occurs in two layers. When 
the air coming from the rural environments flows to the urban areas, it naturally 
adopts the new boundary conditions created by the city structure, thus resulting in 
the formation of the obstructed urban canopy sub layer, which is extended from the 
ground surface up to the buildings height, while the urban boundary free surface 
layer extends over the roof-tops. This urban canopy sub layer possesses specific 
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flow properties which are defined by the interface between the air flow above the 
roof tops and the prevailing local conditions within the environment like the shape 
of buildings, street patterns, urban vehicular circulation, natural topography and 
the surrounding local landscaping structures like trees and shrubs. Wind speed 
in this canopy layer of the urban structure is generally decreased compared to the 
undisturbed normal wind speeds. Because of the reduction of the wind speed in 
urban street canyons, there is significant limitation to the extent natural ventila-
tion can be applied in dense urban environments [2]. Designers of urban spaces are 
mostly unfamiliar with the thermal comfort problems arising from the relationship 
between urban forms and local climatological conditions [3]. Due to this, many 
urban settlements do not respond to contextual climatic conditions. The common 
practice of using universal meteorological data gotten from stations that are located 
in unobstructed areas of the city like the airports or isolated fields may result in 
inaccuracies regarding the air flow in typical urban buildings [4].

Recent trends in urbanization calls for sustainable ideas tailored towards 
improving thermal comfort. Understanding the flow pattern and wind speed in 
urban street canyons is therefore necessary for analyzing the natural ventilation 
potential of urban buildings, especially in the tropics which is characterized by 
high temperatures and humidity. The impacts of urbanization, the city heat island 
effects coupled with global warming contribute to the increase of the peak cooling 
loads and electricity consumption for space cooling purposes, owing to this and 
more, it is vital to optimize building and city designs in terms of energy demands 
that considers local urban microclimates.

2. Description of study

The potential for airflow for natural ventilation in urban streets is dependent 
on its configuration matrix. This study aims to examine the elements of street 
geometry that affect the flow system within the urban street. Firstly, it highlights 
the theoretical basis for the airflow studies in urban streets, it then identifies the 
primary influences, behaviors and parameters of flow within street canyons rela-
tive to natural ventilation. These parameters, which include the measurements of 
airflow recirculation and ventilation regions affected by height and width ratios, are 
believed to have major effects on the airflow regimes experienced in urban streets.

Using Enugu metropolitan area as a case, the study utilized schematic analysis 
process to examine three major street configurations that stand out in the residen-
tial districts. This process forms a basis for the analysis of airflow regimes and its 
effects on natural ventilation. Using the parameters mentioned above, each of these 
street configurations in the Enugu residential district is analyzed in order to justify 
the effective street size for natural ventilation in this region. The study identified 
the possibility of wind flow reduction in urban street canyons, because of this 
reduction, there exists a significant limitation in the extents natural ventilation may 
be utilized in dense urban settings like the tropical settlements in Enugu city.

Enugu city (6.26° North and 7.29° East) is located in the Southeastern part of 
Nigeria. Figure 1 shows the climatic data of Enugu. Its climate is classified as a tropical 
rain forest with a derived savannah. The city is set on an altitude of 304.7 m above 
sea level, its climate is naturally humid and this humidity is regarded as oppres-
sive between March and November. Its average maximum temperature stands at 
34.9°C, with average lows of about 22.3°C and its annual mean temperature is about 
26.7°C. Typical with the rest of West Africa, the rainy and dry seasons are the only 
weather periods in Enugu. The average hourly wind-speed in Enugu area experiences 
significant seasonal variations over the course of a year. For instance, the windier part 
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of the year lasts for 7 months (between March and September), with average wind 
speed of 5.5 m/s. The windiest month of the year is usually August, with an average 
wind speed of 7.1 m/s. Typical wind path comes relatively from the west for an average 
of 10 months (termed the monsoon season), ranging from January to November, with 
peak percentage of about 75% occurring in July. Also, the wind direction changes to 
northerly for 2 months (termed the Harmattan season) from the months of November 
to January, with 41% occurring in the peak month of January. The wind data used in 
this study were obtained from the Nigerian Meteorological Agency (NIMET).

3. Elements of street geometry in urban settlements

The urban street has evolved from the original context as defined by the Latin 
word strata (meaning “a paved road”). In modern times, the function of the street 
in a built environment consists of more than the conventional roadway. Streets 
provide accessibility, connectivity, circulation, as well as infrastructural network 
for human settlements. As human activities grow, the function and configuration of 
a street system transforms especially in urban settlements. These transformations 
affect the micro climate environment within the street level as well as the universal 
urban environment. Urban climate is a critical factor which affects regional and 
global climates and consequently urban livability [5–7]. Geometry and orientation 
of an urban street affect outdoor and indoor environments, solar access inside and 
outside the buildings, the permeability to airflow for urban ventilation, as well as 
the potential for cooling of the whole urban system [8]. A typical urban street is 
comprised of stationary and mobile elements which form barriers that collectively 
affect the flow of wind within the streets. Owing to the presence of these obstacles 
like buildings, trees and street furniture, the air flow through the canopy layer is 
frequently obstructed compared to the air flow within the boundary layers. These 
results in the gentler airflow observed within an urban canopy layer compared to 
the airflow within adjoining rural settings [9]. Figure 2 shows a typical urban street 
system and the barrier elements that affect airflow within the urban canopy layer.

3.1 Configurations of urban streets in Enugu city

Urban streets in tropical cities like the city of Enugu are structured to serve the 
basic conventional functions of accessibility and circulation. The configuration of 
Enugu streets is defined by urban planning classifications. The major classifications 
are the high density, medium density and low density. The low and medium density 
areas consist mainly of single villa residential housing units, while the high density 

Figure 1. 
Climatic data of Enugu City (source: NIMET year ended 2017).
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areas consist of residential apartments. Three major residential districts stand out in 
these configurations (shown in Figure 3), these districts include:

i. Achara layout

ii. Independence layout

iii. GRA district

Figure 2. 
Typical urban street showing the barrier elements that affect airflow within the urban canopy layer.

Figure 3. 
Three major residential districts in Enugu city, representing the high, medium and low density districts.
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Table 1 shows the configurations of the streets in Enugu relative to Height and 
Width ratios. Unlike the typical European streets characterized by activities like 
walkways, plazas, pavement cafes and other lifestyle facilities which define the size 
of the street outline (urban canyons), the sizes of the typical street canyon in Enugu 
city is more compact. This is condensed further by the presence of property bound-
ary walls which is used mainly as solutions to the poor urban security.

3.2 Street canyon geometry

Street canyons are referred to as the space that is created within two similar 
rows of houses divided with a street way [10]. This configuration forms the major 
structure of modern city unit. Typical geometry of urban street canyons is defined 
by the characteristic ratio (aspect-ratio), which includes the ratio of the building 
heights ‘H’ to that of the street width ‘W’. When a street canyon presents a common 
aspect-ratio that is approximately or equal to 1.0 without significant wall openings 
it is referred to as identical street canyon. When its aspect-ratio falls below 0.5, it is 
referred to as a shallow, while that with an aspect-ratio of 2.0 signifies a deep street 
canyon. The typical length of a street canyon ‘L’ expresses the distance between two 
road intersections dividing the street into a short street canyon ‘L/H = 3’, medium 
street canyon ‘L/H = 5’ and the elongated canyon (L/H = 7) [11].

Recent studies identified street geometry elements (height-to-width ratio (H/W)) 
and the street orientation as the most relevant urban parameters responsible for the 
microclimatic changes in a street canyon [12]. Figure 4 illustrates the outline of a 
typical street canyon as parameters significant for major urban microclimate varia-
tions. These parameters directly affect the potential of airflow at street levels, solar 
access and its permeability and the overall urban microclimate [13, 14]. Consequently, 
designers and planners of urban streets are faced with the complexity of integrating 
seasonal climatic factors in the configuration and orientation of streets and buildings. 

Configuration Ratio Planning 
classification

Street image Aerial image

0.44 GRA district
High rent 
residential 
district 
(bungalows and 
single home 
units)

0.68 Independence 
layout
High rent 
residential 
district (two floor 
homes made up 
of duplex and 
town houses)

0.94 Achara layout
Medium rent 
residential 
district 
(apartments and 
blocks of flats)

Table 1. 
Configuration of urban streets in Enugu city.
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For instance, in the tropical hot and humid regions, the major challenges are protec-
tion from the sun and permeability of natural ventilation, which naturally influence 
local designers’ use of shallower and compact street canyons. However, the opposite 
is virtually the case in colder regions where solar access is required for winter seasons, 
hence necessitating more openness to the sky for buildings in that region.

4. Impacts of street configuration on airflow for natural ventilation

Due to the direct impacts of urban climate and built structures on the human 
thermal conditions, the control of outdoors microclimate is an important issue in 
urban designs. The integration of adequate, well-designed planning that places 
urban morphology in the climatic context of its environment, contributes to 
sustainable development of cities [3, 15–17].

Designers of such spaces like the architects, urban planners and engineers are 
often unfamiliar with the thermal comfort problems arising from the relationship 
between urban forms and local climatological conditions. According to reference 
[18], it is important to forecast the thermal consequences at the early stages of the 
design process of urban development areas prior to construction. In the case of 
humid tropical climates, the cooling effect of airflow particularly at nights could 
mitigate effects of urban heat island phenomenon. The significance of the forma-
tion of airflow within a street canyon is essential for human health and the energy 
efficiency of buildings and consequently, a pleasant urban microclimate [19]. These 
Urban airflow patterns are determined by the interaction between approaching 
wind within the built environment. Conversely, the pattern of an existing regional 
wind is changed when it flows through a built environment [20]. The air flowing 
over urban areas is sub-divided into two main layers.

i. The urban canopy layer

ii. The urban boundary layer.

The urban canopy layer is the layer flowing below the level of roof tops and within 
the spaces between buildings. This layer is usually influenced by solar energy falling on 

Figure 4. 
Outline of a typical street canyon.
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building facades and the ground. On the other hand, the urban boundary layer is the 
flow that is present above the average height of buildings. Within the urban boundary 
layer, heat transfer, pollutant emission, evaporation and transpiration and general 
contemporary urban development are the main factors that affect air conditions at this 
level [21]. Also, owing to the elements of street geometry (barriers as discussed above) 
airflow in the urban canopy layer is obstructed more than the airflow in the urban 
boundary layer. A secondary circulation feature driven by urban boundary layer pro-
vides airflow in an urban canyon which is strongly affected by the street orientation and 
geometry (H/W and L/W). This circulation feature is referred to as Airflow Regimes.

4.1 Study of airflow in street canyons

The airflow within the urban street canyon can develop into two regions.

i. Recirculation region, which forms in the near wake of each building.

ii. Ventilated region (downstream of the recirculation region), formed when 
the street is sufficiently wide.

The development of the airflow into these regions depends on geometry, the 
different flow characteristics in these regions mean that the fluxes from these two 
regions scale differently. However, due to the complexity of building canopies, the 
flows through them are highly complex and site dependent [22]. Figure 5 shows the 
scheme of airflow regimes.

From Figure 6, the recirculation region assumes a trapezoidal cross section [23]. 
Measurements show that the length of the recirculation region, Lr, is relative to the 

Figure 5. 
Scheme of the three flow regimes in the urban boundary layer. (a) Lr < W (referred to as the isolated roughness 
flow regime); (b) Lr/2 < W < Lr (referred to as the wake interference flow regime); (c) W < Lr/2 (referred to 
as the skimming flow regime) [22].
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the spaces between buildings. This layer is usually influenced by solar energy falling on 

Figure 4. 
Outline of a typical street canyon.
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building facades and the ground. On the other hand, the urban boundary layer is the 
flow that is present above the average height of buildings. Within the urban boundary 
layer, heat transfer, pollutant emission, evaporation and transpiration and general 
contemporary urban development are the main factors that affect air conditions at this 
level [21]. Also, owing to the elements of street geometry (barriers as discussed above) 
airflow in the urban canopy layer is obstructed more than the airflow in the urban 
boundary layer. A secondary circulation feature driven by urban boundary layer pro-
vides airflow in an urban canyon which is strongly affected by the street orientation and 
geometry (H/W and L/W). This circulation feature is referred to as Airflow Regimes.

4.1 Study of airflow in street canyons

The airflow within the urban street canyon can develop into two regions.

i. Recirculation region, which forms in the near wake of each building.

ii. Ventilated region (downstream of the recirculation region), formed when 
the street is sufficiently wide.

The development of the airflow into these regions depends on geometry, the 
different flow characteristics in these regions mean that the fluxes from these two 
regions scale differently. However, due to the complexity of building canopies, the 
flows through them are highly complex and site dependent [22]. Figure 5 shows the 
scheme of airflow regimes.

From Figure 6, the recirculation region assumes a trapezoidal cross section [23]. 
Measurements show that the length of the recirculation region, Lr, is relative to the 

Figure 5. 
Scheme of the three flow regimes in the urban boundary layer. (a) Lr < W (referred to as the isolated roughness 
flow regime); (b) Lr/2 < W < Lr (referred to as the wake interference flow regime); (c) W < Lr/2 (referred to 
as the skimming flow regime) [22].
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height of the building and so should be a scale relative to the height of the building. 
The value of the ratio Lr/H depends on the turbulence levels in the urban boundary 
layer and the shape of the buildings and roof.

Following the equations above, [22] suggests that Lr/H should be between 2 and 
3. In the case of wide street canyons, it suggests that Lr < W, so that H/W < 1/3, in 
which case, the recirculation region does not impinge on the downstream building 
as can be identifies in Figure 5a. This it termed the “Isolated flow regime”. In the case 
of intermediate (not so wide) street canyons, it suggests that Lr/2 < W < Lr, so that 
1/3 < H/W < 2/3, in which case, the recirculation region begins to impinge on the 
downstream building as observed in Figure 5b. This it termed the “Wake interference 
flow regime”. Finally, in the case of narrow street canyons, it suggests that W < Lr/2, 
so that H/W > 2/3, in which case, the entire canyon volume is occupied by the recir-
culation regime as observed in Figure 5c. This it termed the “Skimming flow regime”.

Inside the ventilated region, high-speed air flowing from above the roof top level 
is conveyed to street ground level. This causes the development of internal bound-
ary flow layers along the surface of the street level. As this occurs, the vertical field 
of the wind regulates to a layer of even equilibrium with the normal surface of the 
street. However, the airflow in the recirculation region is dragged by recurrent high 
momentum injections of wind burst consistently drawn off the upstream roof. The 
steady burst of airflow slows as it advances around the recirculation region owing to 
the occurrence of gentler moving air induced by the associated street barriers [24].

4.2 Configuration of flow patterns in street canyons

As noted earlier, the conversion from one flow regime to another happens at 
critical combinations of H/W and L/W ratios. Understanding the configuration 
of patterns of airflow at different ratios is significant in determining the behaviors 
of flow regimes [25, 26]. Figure 7 illustrates the characteristic interaction between 
the different flow regimes in urban canyons over building arrays of increas-
ing H/W ratios. In the first instance, the isolated roughness flow regime occurs 
between buildings that are well spaced, in the event of zero interaction between 
the windward and leeward currents and similar to that of wind flow around 
isolated barriers. However, when the H/W ratio increases, the wakes are subjected 
to a disturbance, resulting to the formation of the wake interference flow. With 
additional increases of the H/W ratio the street canyon becomes isolated from the 

Figure 6. 
Cross section of a street canyon showing the dimensions of the regions.
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flow of circulated air in the urban boundary layer, resulting in the creation of stable 
circulatory vortex within the canyon. This constant circulatory vortex produces 
the skimming flow regime that occurs mostly in the urban areas according to [27]. 
It could then be concluded that there is slower airflow in deep street canyons in 
comparison with intermediate or shallow ones.

4.3 Effects of street geometry on air temperature for natural ventilation

Studies by [28–31] show that when the wind speeds are small in urban streets, 
thermal effects come into play. Buildings tend to be warmer than the surround-
ing air and depending on the intensity of heating either the approach wind or the 
thermal convection dominate. The magnitude of the thermal change is dependent 
on many factors; including the anthropogenic heat flux in the canyon, sky view 
factor, and the albedo of the building facade.

Assessment of air temperature of street canyons in a hot climate in [32], show 
that the distribution of the air temperature recorded at the top and at the differ-
ent floors of a building inside the canyon indicated that temperature above the 
canyon was higher during the day time than the associated temperature within 
the canyon. It was likewise observed that air temperatures were lower within the 
street canyon as the canyon is deep with limited permeation of solar radiation. 
This consequently results to lower surface temperatures especially towards the 
lower levels of the street which eventually brings about lower air temperatures. 
This lower temperature can be attributed to the mixing and the adjective phenom-
ena inside the canyon that tend to regulate the air temperature.

From the study of solar access and dispersion in [1], a lower-limit of about 0.4 
is assumed for ratio of H/W owing to the need to improve the degree of shelter for 
warmness and maintain a significant proportion of the temperature that is essential 
for the heat island warmth in colder climates. The upper limits of 0.60–0.65 ensure 
the maintaining of both atmospheric dispersion and solar access within the streets. 
Considering all factors to least a minimal extent, the most effective range of H/W 
ratio should then be between 0.4 and 0.6.

Figure 7. 
The different flow regimes in urban canyons over building arrays of increasing H/W ratios [1].
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the skimming flow regime that occurs mostly in the urban areas according to [27]. 
It could then be concluded that there is slower airflow in deep street canyons in 
comparison with intermediate or shallow ones.

4.3 Effects of street geometry on air temperature for natural ventilation

Studies by [28–31] show that when the wind speeds are small in urban streets, 
thermal effects come into play. Buildings tend to be warmer than the surround-
ing air and depending on the intensity of heating either the approach wind or the 
thermal convection dominate. The magnitude of the thermal change is dependent 
on many factors; including the anthropogenic heat flux in the canyon, sky view 
factor, and the albedo of the building facade.

Assessment of air temperature of street canyons in a hot climate in [32], show 
that the distribution of the air temperature recorded at the top and at the differ-
ent floors of a building inside the canyon indicated that temperature above the 
canyon was higher during the day time than the associated temperature within 
the canyon. It was likewise observed that air temperatures were lower within the 
street canyon as the canyon is deep with limited permeation of solar radiation. 
This consequently results to lower surface temperatures especially towards the 
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The ambient air temperature in street canyons influences the energy load of 
the building environment and determines the cooling potential of natural and 
hybrid ventilation techniques. Thermal phenomena as well as recurrent vortices 
which develop at the canyon corners usually dominate the air flow patterns inside 
the canyon. Since solar heating of the exterior facades system may create surface 
temperature differences that impacts on the air temperature conditions within 
the street canyon, such air temperature system may create local upwind along the 
warmer side of the facade and create a downward flow on the opposite side. In 
[33], clockwise vortices and counter-clockwise vortices were observed within the 
street canyon as the wind flow became almost perpendicular to the canyon axis, 
indicating that either the uninterrupted wind speed was high or that the thermal 
phenomena observed in the canyon corners contributed to the formation of the 
flow. This goes to show that the air temperature of the streets is mostly governed by 
more complex and regional factors than their ambient surface temperature despite 
the impacts of the local canyon geometry.

5. Analysis of airflow in the Enugu city street configurations

The analysis of the airflow patterns in the case of the residential streets in the 
tropical hot and humid Enugu city is presented using the flow regime analysis sche-
matics for the different H/W configurations and assuming Lr/H = 3. The objective 
is to identify the extent of obstruction caused by existing street geometry on the 
airflow for Natural Ventilation in this region using schematic diagrams.

Scheme Result Effective street 
width

Resultant 
airflow 
regime

Lr/2 < W < Lr
&
1/3 < H/W < 2/3

Intermediate-
wide

Wake 
interference 
flow

H/W Lr/H Lr Lr/2

0.44 3 21 m 10.5 m

W < Lr/2
&
H/W > 2/3

Narrow Skimming 
flow

H/W Lr/H Lr Lr/2

0.68 3 33 m 16.5 m

W < Lr/2
&
H/W > 2/3

Narrow Skimming 
flow

H/W Lr/H Lr Lr/2

0.94 3 45 m 22.5 m

Table 2. 
Schematic analysis of the airflow regime for the three main street configurations in Enugu city.

21

Effects of Street Geometry on Airflow Regimes for Natural Ventilation in Three Different Street…
DOI: http://dx.doi.org/10.5772/intechopen.84786

The three different configurations observed and shown in Table 1 have H/W 
ratios of 0.48, 0.68 and 0.94, respectively. For the 0.48 streets, the street width 
is approximately 16 m and the average building heights is approximately 7 m. In 

Figure 8. 
Varieties of concrete walls used as boundary and party fence in Enugu city.

Configuration schematic Natural ventilation prospects

Configuration 1 (0.44): GRA district Intermediate-wide street

• Allows for continuous airflow from the urban 
boundary layer to the buildings (ventilated region), 
due to the lower heights of the buildings.

• Unobstructed wind flow from urban boundary layer 
at the windward face of the buildings

• Tendency of faster airflow for Natural ventilation

Configuration 2 (0.68): Independence layout Fine-narrow street

• Allows airflow mostly at the urban canopy layer

• Wind flow is skimming type as it is mostly re-
circulated airflow.

• Slower winds lack the speed for adequate permeabil-
ity of Natural ventilation

• Natural ventilation in buildings can be improved 
by applying openings on the un-shaded faces in the 
schematic (ventilated region)

Configuration 3 (0.94): Achara layout Narrow street

• Allows airflow mostly at the urban canopy layer

• Wind flow is skimming type as it is mostly re-
circulated airflow.

• Slower winds lack the speed for adequate permeabil-
ity of Natural ventilation

• Natural ventilation in buildings can be improved by 
staggering buildings to break the continuous street 
canyon structure

Table 3. 
Natural ventilation prospects for the three different street configurations.
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the case of the 0.68 streets, the street width is about 16 m and the average build-
ing heights is roughly 11 m. The 0.94 streets have street width of about 16 m and 
the average building heights is approximately 15 m. The schematics of the airflow 
regime for these streets are shown in Table 2.

From this study, it could be noted that the isolated roughness regime, which is the 
airflow that takes place between well-spaced buildings is not readily present in the urban 
streets of Enugu. From the schematic analysis above, the intermediate-wide street cat-
egory only showed the potential to allow the continuous airflow from the urban bound-
ary layer to the buildings, due to the lower heights of the buildings. This means that the 
speed of the airflow from the urban boundary layer is not disturbed at the windward 
face of the buildings, therefore permitting ventilated airflow. However, this potential is 
diminished by the presence of continuous often solid concrete fence walls with average 
heights of about 2.4 m (see Figure 8) which is often employed as security measures in 
buildings in this city. The other two categories in the Skimming flow regime are entirely 
dependent on airflow at the urban canopy layer which is the skimming airflow. This is 
due to the narrower street widths resultant from the building heights. Characteristics 
of skimming airflow include slower wind speeds and re-circulated airflow which lacks 
the speed for adequate permeability of natural ventilation in the buildings within 
these streets. The use of concrete fence walls is also rampant in this category of streets 
in Enugu which impedes further on the speed of the skimming flow. It is noteworthy 
however, that the orientation of a street, building elements (barriers) and prevalent 
wind directions ultimately affects the permeability of airflow for urban ventilation [8].

Table 3 presents the natural ventilation prospects in each of the three con-
figurations shown above. With these scenarios, natural ventilation considerations 
could be carried along during the processes of building and urban street designs. 
However, the effectiveness of utilizing natural ventilation for different locations is 
improved through the orientation of streets and building planning.

6. Discussion and conclusion

A better understanding of the airflow and thermal characteristics within urban 
streets is paramount for developing urban area with energy saving considerations 
and human comfort. The rapid expansion of cities creates larger areas of increased 
drag, roughness and thermal forces that can significantly impact the flow patterns 
on regional scale. Hence, it is important to provide evaluation models with appro-
priate description of airflow, thermal conditions and natural ventilation models 
within tropical regions, as a function of meteorological frameworks that will 
accommodate predictions of airflow patterns on urban scales.

With climatic conditions prevalent in high temperatures and humidity, tropical 
cities like Enugu should aim towards the reduction of barriers and elements that 
impede on the airflow for natural ventilation. However, it is proper to reiterate 
that the major concern is with the comfort of occupants of the built environ-
ment. Similarly, identifying the criterion for judging the acceptable street climate 
conditions is a difficult task, as many objectives are involved. Assuming the major 
objective is for the airflow within street canyons, computations are available to 
calculate the effect of winds on the comfort and safety of humans in urban streets, 
for example see [34]. With knowledge of the general wind and temperature clima-
tology and the effects of geometry, standard threshold of acceptable conditions can 
be predictable for any given location. However, the crucial objective is to establish 
airflow factors as a function of H/W in respect to natural ventilation within street 
canyons. Study identified the availability of wind tunnel and numerical models (as 
in [25, 35–37]) which can be applied with significant validation.
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Through the analysis of the airflow regime for the three main street configura-
tions in the tropical Enugu city, it could easily be concluded that the objective solu-
tion is to design streets with wider widths (i.e. smaller H/W ratios). A wider street 
provides better mixing of air and consequently better airflow in the urban street 
canyon. But this can never be the case in most modern city developments owing 
to land use objectives. Consequently, the other option is the provision of adequate 
openings between streets and courts and adopting different building heights in the 
streets which could improve air exchange within the urban canopy layer.
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to land use objectives. Consequently, the other option is the provision of adequate 
openings between streets and courts and adopting different building heights in the 
streets which could improve air exchange within the urban canopy layer.
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Chapter 3

Fundamentals of Natural 
Ventilation Design within 
Dwellings
Ivan Oropeza-Perez

Abstract

Along with acoustical and lighting comfort, indoor air quality (IAQ ) and ther-
mal comfort upon households are essential to maintain a proper indoor environ-
ment, therefore ensuring a welfare toward the occupants. Nevertheless, sometimes, 
these features are neglected by building designers and constructers, causing prob-
lems such as the so-called sick building syndrome (SBS) and thermal discomfort, 
among others. Although there are short-term solutions such as purifiers, extractors, 
fans, and air conditioning, eventually these methods become not sustainable activi-
ties that consume energy and emit polluting gases such as chlorofluorocarbons. One 
alternative to this is natural ventilation, understood as the airflow throughout a 
building caused by changes of pressures naturally produced. In this chapter, the role 
of the early-stage building design as well as the correct occupant behavior is pre-
sented as essential to develop a naturally ventilated dwelling, which is an excellent 
alternative to achieve proper levels of indoor environment in a sustainable manner.

Keywords: natural ventilation, indoor air quality, thermal comfort,  
early-stage design, occupant behavior

1. Introduction

For the coming years, the so-called climate change will be a great challenge to 
be faced by the human kind, being the activities of this very same specie the most 
influencing factor for its rapid growth in the last decades.

One of these activities is the electricity generation, which in order to be pro-
duced, in many cases, a fossil fuel has to be burned. According to the International 
Energy Agency, “in 2016, generation from combustible fuels accounted for 67.3% 
of total world gross electricity production” [1] causing the emission of greenhouse 
gases and thus increasing the global warming.

In this context, according to the Intergovernmental Panel on Climate Change 
(IPCC), the building sector is an important target for the climate change because 
it accounts for almost 40% of the total energy use, embracing almost 25% of the 
global greenhouse gases emissions [2].

One of the most energy-consuming activities within the buildings is the space 
conditioning, in order to achieve proper levels of illumination, acoustics, indoor 
air quality (IAQ ), and thermal comfort. For IAQ and thermal comfort, strategies 
of heating, ventilation, and air conditioning (HVAC) are applied by using fans, 
air-conditioning systems, and radiation systems, among others. These strategies, 
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One of these activities is the electricity generation, which in order to be pro-
duced, in many cases, a fossil fuel has to be burned. According to the International 
Energy Agency, “in 2016, generation from combustible fuels accounted for 67.3% 
of total world gross electricity production” [1] causing the emission of greenhouse 
gases and thus increasing the global warming.

In this context, according to the Intergovernmental Panel on Climate Change 
(IPCC), the building sector is an important target for the climate change because 
it accounts for almost 40% of the total energy use, embracing almost 25% of the 
global greenhouse gases emissions [2].

One of the most energy-consuming activities within the buildings is the space 
conditioning, in order to achieve proper levels of illumination, acoustics, indoor 
air quality (IAQ ), and thermal comfort. For IAQ and thermal comfort, strategies 
of heating, ventilation, and air conditioning (HVAC) are applied by using fans, 
air-conditioning systems, and radiation systems, among others. These strategies, 
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however, generally imply a high-energy consumption, including electricity. 
Moreover, IAQ and space cooling strategies use generally electricity for running 
fans, air-conditioning systems, evaporative coolers, air purifiers, air extractors, and 
air filters. According to Ekwall, only air-conditioning for cooling could account for 
more than half of the residential electricity usage of a single household located in a 
developing country with warm conditions [3].

Furthermore, if thermal comfort and IAQ are not achieved, especially in warm 
to hot countries, problems such as the sick building syndrome (group of symptoms 
of the occupants due to not-ventilated buildings such as dizziness, nausea, irrita-
tion, cough, itching skin, allergies, and headache [4]) and cold, flu, and other 
problems caused by high indoor temperatures could be arisen.

Therefore, strategies that do not imply high electricity consumption should be 
applied to achieve proper levels of IAQ and thermal comfort in warm to hot condi-
tions. In this context, the usage of natural ventilation is proposed as a solution to 
these challenges while maintaining low levels of electricity use.

2. Fundamentals of natural ventilation

Natural ventilation within buildings is understood as the airflow throughout 
the construction propelled by pressure changes naturally produced. These pressure 
changes, or driving forces, are mainly two: wind pressure and buoyancy [5]. Both 
changes have the same physical origin but in different scales.

Wind pressure is defined as the wind incidence onto a building façade at a 
certain velocity and direction. When the wind impinges the façade, a positive pres-
sure (or windward) occurs, while in the opposite façade of the building, negative 
pressure happens (leeward). An example of this can be seen in Figure 1.

Buoyancy, also called stack effect, is the air density difference between the 
outdoor and indoor air bodies caused by differences in the air temperature. It is 
the phenomenon when warm air “floats” among a colder mass of air. Although 
buoyancy is generally related to a vertical flowline, the flow could happen also in a 
horizontal direction. Figure 2 shows how stack effect works.

As aforementioned, both driving forces have the same origin: temperature dif-
ferences. In the case of buoyancy, the warm air is displaced toward a mass of colder 

Figure 1. 
Natural ventilation due to difference of pressure.
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air, either in a vertical or horizontal direction. For wind pressure, the wind flow is 
headed due to the temperature difference occurred in a large scale. For example, 
when a mass of air is heated in some region, it floats up; therefore, a mass of cold air 
tries to cover the empty space that the floated air left. On the path to do this, the air 
hits the façades of the buildings, hence producing the airflow throughout them.

2.1 Natural ventilation for cooling and IAQ

As it was mentioned, natural ventilation can be used for cooling purposes as well 
as for achieving levels of IAQ. For the first subject, thermal comfort can be reached 
by three main manners:

• Cooling the indoor space as long as the outdoor air temperature is lower than 
the indoor air temperature.

• Refreshing the human body through evapotranspiration (removing the latent 
heat by the evaporation of the sweat drops of the skin).

• Cooling the building structure and internal heat gains by using convection heat 
transfer.

For having IAQ , natural ventilation is used by the displacement of the airflow in 
order to “sweep” the pollutants (positive pressure) or by “vacuuming” and expel-
ling them (negative pressure).

3. Natural ventilation within buildings

Even though wind pressure might help to achieve thermal comfort and buoy-
ancy might improve the IAQ , in this chapter, it is considered that stack effect only 
helps to reach thermal comfort, and wind pressure only improves the IAQ. This is 
because the temperature of the airflow is not always suitable to cool down a built 
space or the human body, in the case of wind pressure, whereas the airflow due to 
temperature differences is not always strong enough to expel all the pollutants from 
the indoor space.

3.1 Thermal comfort

The airflow rate by stack effect is calculated as follows [6–8]:

Figure 2. 
Natural ventilation due to difference of temperature.
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   V  stack   =  (0.40 + 0.0045 ∙ ∆ T)  ∙ A ∙  √ 
______________

  2 ∙ g ∙ H ∙  |  ∆ T _____  T  indoor  
  |      (1)

where Vstack is the volumetric airflow due to buoyancy, ΔT is the difference 
between the outdoor and the indoor temperatures, A is the effective opening area 
(area of the opening where the airflow actually takes place), g is the gravitational 
acceleration (9.81 m/s2), H is the height between the floor and the ceiling, and Tindoor 
is the indoor air temperature.

From Eq. 1 it can be seen that the volumetric airflow by buoyancy depends on 
the temperature difference, the ceiling height (for vertical airflow), and the effec-
tive opening area.

For cooling the space, the temperature difference should be negative; therefore, 
the indoor heat is expelled. For cooling the human skin, the outdoor temperature 
must be below 35°C; hence, the convective heat transfer from the human skin to its 
surroundings is negative (considering the temperature of the skin at approx. 37°C), 
and then, the latent heat of the skin is removed.

Thereby, if the outdoor conditions are suitable, thermal comfort can be 
achieved, either by cooling the space or the human skin. In this way, the two other 
terms of Eq. 1 can be varied in order to reach thermal comfort.

For this, in this document two types of approaches are proposed: building design 
at early stage and occupant behavior. For the first subject, the height of the ceiling 
must be correctly stated at the planning stage to optimize the airflow rate. For the 
second approach, a correct driving of the openings must be applied by the user 
depending of the indoor and outdoor conditions.

3.2 IAQ

Wind-driven ventilation is proposed to be carried out in order to remove the 
pollutants originated within the household. These pollutants (dust, odors, smoke, 
fungus, mist, fur, etc.) have their main origin in the bathroom and kitchen, 
although it can be generated at other rooms of the dwelling.

The model of volumetric airflow is shown below [6–8]:

   V  wind   = [0.55 +  ( |   α  effective   −  α  wind   ___________ 180  |  ∙ 0.25) ]  ∙ A ∙ v   (2)

where Vwind is the volumetric airflow due to wind, αeffective is the effective angle of 
the wind (set at 180°), αwind is the actual angle of the wind, A is the effective open-
ing area, and v is the wind speed.

As it can be noticed, Eq. 2 depends on the wind direction and speed as well as the 
opening area and the orientation of the façade (effective angle of wind). Thereby, 
the physical characteristics of the wind cannot be modified. Nevertheless, the 
orientation of the openings has to be analyzed before the dwelling is constructed, 
whereas the effective opening area could be driven by the occupants in order to 
adapt the airflow depending of their necessities.

Thereby, from Eqs. (1) and (2), three sets of inputs can be considered as the 
most influencing factors upon the natural ventilation performance. These sets are 
shown in Table 1.

In this way, the two approaches presented in this chapter are gathered for reach-
ing thermal comfort and IAQ as follows: height of the ceiling and façade orientation 
as an early building design and a correct driving of the openings as a proper occu-
pant behavior.
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4. Natural ventilation proposals and performance

For assessing the performance of natural ventilation within a single dwelling, a 
model for stack effect ventilation and wind pressure ventilation is determined. A 
building of 120 m2 of built area is considered with operable openings that can open 
from 0 to 3 m2.

4.1 Thermal comfort

As aforementioned in this book chapter, ventilation by buoyancy is used to 
achieve thermal comfort within the dwelling, considering that the outdoor tem-
perature is lower than the indoor temperature; therefore, indoor heat is removed. 
Another manner to reach comfort is the extraction of the indoor heat through a 
horizontal opening placed on the top of the building (see Figure 2).

Furthermore, in this book chapter the volumetric airflow, calculated with 
Eqs. (1) and (2), is seen as the performance of natural ventilation, either for 
achieving thermal comfort or for achieving IAQ. Hence, it is considered that the 
higher is the volumetric flow rate, the more efficient is the natural ventilation 
method.

Thereby, if an opening is placed in the top part of the building (ceiling/roof), an 
estimation of the volumetric airflow can be carried out. This architectural arrange-
ment was chosen instead of a horizontal flow because the airflow would be more 
constant considering that the temperature difference is higher and more often than 
the occurred in a horizontal plane [5].

For an analysis of natural ventilation by stack effect, two parameters are consid-
ered: the ceiling height, which is taken as the building design, and the opening area, 
which is considered as a factor regarding the occupant behavior. Figure 3 shows this 
airflow at different effective opening areas and different ceiling heights.

From Figure 3 one can calculate that the volumetric airflow increases by approx-
imately 0.12 m3 per every 0.5 m2 of the opening area. When the height of the ceiling 
is higher, the airflow rate increases as well. At the maximum opening area proposed 
here (3 m2), there is a difference of almost 1 m3/s between a height of 2.3 m and 
another of 2.8 m.

When the airflow is measured by changing the difference of temperature 
between the outdoor and the indoor air, Figure 4 can be displayed. In this case, this 
factor is considered as climate condition, where there is no influence by the occu-
pant behavior nor the building design.

In Figure 4 it can be seen that the increase rate of airflow is lesser than the rate 
varying the ceiling height when the opening area enhances. Also, it is noticed that, 
at an effective opening area of 3 m2, a temperature difference of 5°C makes a varia-
tion of only 0.3 m3/s.

From Figures 3 and 4, it is noticed that the ceiling height, as long as it has an 
effective opening area, would help to expel the warm air and thus to reach indoor 

Climate conditions Building design Occupant behavior

Stack effect Difference of temperature Ceiling height Effective opening area

Wind pressure Wind speed
Wind direction

Building orientation Effective opening area

Table 1. 
Main factors for assessing the natural ventilation performance.
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   V  stack   =  (0.40 + 0.0045 ∙ ∆ T)  ∙ A ∙  √ 
______________

  2 ∙ g ∙ H ∙  |  ∆ T _____  T  indoor  
  |      (1)
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must be below 35°C; hence, the convective heat transfer from the human skin to its 
surroundings is negative (considering the temperature of the skin at approx. 37°C), 
and then, the latent heat of the skin is removed.

Thereby, if the outdoor conditions are suitable, thermal comfort can be 
achieved, either by cooling the space or the human skin. In this way, the two other 
terms of Eq. 1 can be varied in order to reach thermal comfort.

For this, in this document two types of approaches are proposed: building design 
at early stage and occupant behavior. For the first subject, the height of the ceiling 
must be correctly stated at the planning stage to optimize the airflow rate. For the 
second approach, a correct driving of the openings must be applied by the user 
depending of the indoor and outdoor conditions.

3.2 IAQ

Wind-driven ventilation is proposed to be carried out in order to remove the 
pollutants originated within the household. These pollutants (dust, odors, smoke, 
fungus, mist, fur, etc.) have their main origin in the bathroom and kitchen, 
although it can be generated at other rooms of the dwelling.

The model of volumetric airflow is shown below [6–8]:

   V  wind   = [0.55 +  ( |   α  effective   −  α  wind   ___________ 180  |  ∙ 0.25) ]  ∙ A ∙ v   (2)

where Vwind is the volumetric airflow due to wind, αeffective is the effective angle of 
the wind (set at 180°), αwind is the actual angle of the wind, A is the effective open-
ing area, and v is the wind speed.

As it can be noticed, Eq. 2 depends on the wind direction and speed as well as the 
opening area and the orientation of the façade (effective angle of wind). Thereby, 
the physical characteristics of the wind cannot be modified. Nevertheless, the 
orientation of the openings has to be analyzed before the dwelling is constructed, 
whereas the effective opening area could be driven by the occupants in order to 
adapt the airflow depending of their necessities.

Thereby, from Eqs. (1) and (2), three sets of inputs can be considered as the 
most influencing factors upon the natural ventilation performance. These sets are 
shown in Table 1.

In this way, the two approaches presented in this chapter are gathered for reach-
ing thermal comfort and IAQ as follows: height of the ceiling and façade orientation 
as an early building design and a correct driving of the openings as a proper occu-
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4. Natural ventilation proposals and performance

For assessing the performance of natural ventilation within a single dwelling, a 
model for stack effect ventilation and wind pressure ventilation is determined. A 
building of 120 m2 of built area is considered with operable openings that can open 
from 0 to 3 m2.

4.1 Thermal comfort

As aforementioned in this book chapter, ventilation by buoyancy is used to 
achieve thermal comfort within the dwelling, considering that the outdoor tem-
perature is lower than the indoor temperature; therefore, indoor heat is removed. 
Another manner to reach comfort is the extraction of the indoor heat through a 
horizontal opening placed on the top of the building (see Figure 2).

Furthermore, in this book chapter the volumetric airflow, calculated with 
Eqs. (1) and (2), is seen as the performance of natural ventilation, either for 
achieving thermal comfort or for achieving IAQ. Hence, it is considered that the 
higher is the volumetric flow rate, the more efficient is the natural ventilation 
method.

Thereby, if an opening is placed in the top part of the building (ceiling/roof), an 
estimation of the volumetric airflow can be carried out. This architectural arrange-
ment was chosen instead of a horizontal flow because the airflow would be more 
constant considering that the temperature difference is higher and more often than 
the occurred in a horizontal plane [5].

For an analysis of natural ventilation by stack effect, two parameters are consid-
ered: the ceiling height, which is taken as the building design, and the opening area, 
which is considered as a factor regarding the occupant behavior. Figure 3 shows this 
airflow at different effective opening areas and different ceiling heights.

From Figure 3 one can calculate that the volumetric airflow increases by approx-
imately 0.12 m3 per every 0.5 m2 of the opening area. When the height of the ceiling 
is higher, the airflow rate increases as well. At the maximum opening area proposed 
here (3 m2), there is a difference of almost 1 m3/s between a height of 2.3 m and 
another of 2.8 m.

When the airflow is measured by changing the difference of temperature 
between the outdoor and the indoor air, Figure 4 can be displayed. In this case, this 
factor is considered as climate condition, where there is no influence by the occu-
pant behavior nor the building design.

In Figure 4 it can be seen that the increase rate of airflow is lesser than the rate 
varying the ceiling height when the opening area enhances. Also, it is noticed that, 
at an effective opening area of 3 m2, a temperature difference of 5°C makes a varia-
tion of only 0.3 m3/s.

From Figures 3 and 4, it is noticed that the ceiling height, as long as it has an 
effective opening area, would help to expel the warm air and thus to reach indoor 

Climate conditions Building design Occupant behavior

Stack effect Difference of temperature Ceiling height Effective opening area

Wind pressure Wind speed
Wind direction

Building orientation Effective opening area

Table 1. 
Main factors for assessing the natural ventilation performance.
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thermal comfort. The temperature difference, although it is an important param-
eter for the airflow rate, has a lower influence. Moreover, this physical characteristic 
cannot be controlled at any manner; therefore, its influence highly depends on the 
randomness of the outdoor and indoor conditions.

To achieve thermal comfort, however, two things must be considered: at an 
early-stage of construction, the ceiling height has to fulfill a certain value. From 
Figure 4 one can establish that this value must be not lower than 2.5 m, if it is con-
sidered that from 2.5 to 2.8 m of height, the airflow rate can decrease up to 0.5 m3/s.

Another approach to take into account is related to the opening driving, where 
the occupants have a total influence. For this, the openings placed on the ceiling/
roof must be easily operable. Also, they have to be designed to protect the indoors 
from external hazards and conditions such as rain, animals, and burglars.

If these two approaches are correctly carried out, it is highly likely that the indoor 
temperature decreases. Furthermore, the correct driving of the openings would help 
to control the temperature if this value is lower or upper the comfort temperature 
range, set between 18 and 23°C, according to international standards [9].

Figure 4. 
Volumetric airflow by varying the difference of temperature and the effective opening area.

Figure 3. 
Volumetric airflow by varying the ceiling height and the effective opening area.
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4.2 IAQ

For achieving correct levels of IAQ , cross ventilation is proposed. This type of 
ventilation is defined as a horizontal airflow through two openings placed on two 
façades opposed each other. Thereby, one opening has positive pressure, while 
the other has a negative pressure, hence increasing the one-direction airflow rate. 
Results varying the angle of incidence can be seen in Figure 5, where this factor 
totally depends on the building orientation, which is part of the building design.

In Figure 5 the wind speed was set at 1 m/s, considering this value as sufficient 
to analyze the airflow rate by varying the angle of incidence. Thereby, it is noticed 
that the difference between an angle of 15° (almost parallel to the opening) and 
90° (perpendicular to the opening) brings an airflow difference of 0.375 m3/s. This 
means an airflow rate increases 0.05 m3/s per every 10°. If the wind speed is higher, 
this airflow rate increases as well.

When the wind speed is varied, Figure 6 can be displayed. In this case, the fac-
tor to vary, apart from the effective opening area, belongs to the climate conditions, 
which have no influence by the occupant behavior nor the building design.

In Figure 6 the angle of incidence was set as perpendicular to the opening (90°). 
Results show a high airflow rate of increase by increasing the wind speed, having, at 
an effective opening area of 3 m2, a difference of 12.15 m3/s, being this the highest 
difference rate by varying the different features of ceiling height, temperature dif-
ference, angle of incidence, and wind speed.

Furthermore, as with the airflow by buoyancy, the wind speed is an outdoor 
characteristic that is not possible to control; thus, the airflow by wind pressure is 
highly dependent on its randomness.

Nonetheless, wind pressure airflow could consider two important features: at an 
early stage of design, the openings must be placed as most perpendicular as possible 
to the predominant wind direction of the place. This predominant direction could 
be taken from climate databases, very common nowadays for almost any place of 
the earth [10].

And as with stack effect airflow, the opening driving is a very important factor 
to considerer for controlling the airflow rate. As with the vertical flow by buoyancy, 
the horizontal airflow by wind pressure can be easily controlled by operable open-
ings (vents, windows, doors) as long as the wind speed is sufficient to propel the 
airflow rate.

Figure 5. 
Volumetric airflow by varying the angle of incidence and the effective opening area.
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thermal comfort. The temperature difference, although it is an important param-
eter for the airflow rate, has a lower influence. Moreover, this physical characteristic 
cannot be controlled at any manner; therefore, its influence highly depends on the 
randomness of the outdoor and indoor conditions.

To achieve thermal comfort, however, two things must be considered: at an 
early-stage of construction, the ceiling height has to fulfill a certain value. From 
Figure 4 one can establish that this value must be not lower than 2.5 m, if it is con-
sidered that from 2.5 to 2.8 m of height, the airflow rate can decrease up to 0.5 m3/s.

Another approach to take into account is related to the opening driving, where 
the occupants have a total influence. For this, the openings placed on the ceiling/
roof must be easily operable. Also, they have to be designed to protect the indoors 
from external hazards and conditions such as rain, animals, and burglars.

If these two approaches are correctly carried out, it is highly likely that the indoor 
temperature decreases. Furthermore, the correct driving of the openings would help 
to control the temperature if this value is lower or upper the comfort temperature 
range, set between 18 and 23°C, according to international standards [9].

Figure 4. 
Volumetric airflow by varying the difference of temperature and the effective opening area.

Figure 3. 
Volumetric airflow by varying the ceiling height and the effective opening area.
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4.2 IAQ

For achieving correct levels of IAQ , cross ventilation is proposed. This type of 
ventilation is defined as a horizontal airflow through two openings placed on two 
façades opposed each other. Thereby, one opening has positive pressure, while 
the other has a negative pressure, hence increasing the one-direction airflow rate. 
Results varying the angle of incidence can be seen in Figure 5, where this factor 
totally depends on the building orientation, which is part of the building design.

In Figure 5 the wind speed was set at 1 m/s, considering this value as sufficient 
to analyze the airflow rate by varying the angle of incidence. Thereby, it is noticed 
that the difference between an angle of 15° (almost parallel to the opening) and 
90° (perpendicular to the opening) brings an airflow difference of 0.375 m3/s. This 
means an airflow rate increases 0.05 m3/s per every 10°. If the wind speed is higher, 
this airflow rate increases as well.

When the wind speed is varied, Figure 6 can be displayed. In this case, the fac-
tor to vary, apart from the effective opening area, belongs to the climate conditions, 
which have no influence by the occupant behavior nor the building design.

In Figure 6 the angle of incidence was set as perpendicular to the opening (90°). 
Results show a high airflow rate of increase by increasing the wind speed, having, at 
an effective opening area of 3 m2, a difference of 12.15 m3/s, being this the highest 
difference rate by varying the different features of ceiling height, temperature dif-
ference, angle of incidence, and wind speed.

Furthermore, as with the airflow by buoyancy, the wind speed is an outdoor 
characteristic that is not possible to control; thus, the airflow by wind pressure is 
highly dependent on its randomness.

Nonetheless, wind pressure airflow could consider two important features: at an 
early stage of design, the openings must be placed as most perpendicular as possible 
to the predominant wind direction of the place. This predominant direction could 
be taken from climate databases, very common nowadays for almost any place of 
the earth [10].

And as with stack effect airflow, the opening driving is a very important factor 
to considerer for controlling the airflow rate. As with the vertical flow by buoyancy, 
the horizontal airflow by wind pressure can be easily controlled by operable open-
ings (vents, windows, doors) as long as the wind speed is sufficient to propel the 
airflow rate.

Figure 5. 
Volumetric airflow by varying the angle of incidence and the effective opening area.
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4.3 Natural ventilation proposals

With the prior analysis, two proposals are established as fundamental for natural 
ventilation within dwellings: stack effect for thermal comfort and wind pressure for 
IAQ. Also, three approaches for the two types of airflow are considered as follows:

• For buoyancy, a minimal ceiling height has to be taken into account. In this 
chapter 2.5 m is considered as enough.

• For wind pressure, one façade has to be perpendicular to the main wind direc-
tion of the place, which has to be calculated based on its local climate data.

• For both, operable openings must be placed. For the case of stack effect, these 
should be on the ceiling/roof or in the top part of the walls, whereas for wind 
pressure these should be placed at the façade perpendicular to the predominant 
wind direction and at its opposed façade.

The two proposals can work alone or together, considering that vertical airflow 
by stack effect is only efficient for warm conditions, where the temperature differ-
ence between the outdoor and the indoor air is high enough to propel the airflow. If 
the outdoor air temperature is low enough to cool down the indoor space, the only 
thing that the occupant has to do is opening the window, vent, or door, considering 
always that this occupant has the total control of the airflow by driving operable 
openings, either for buoyancy or for wind pressure.

5. Conclusions

In this book chapter, the fundamentals of natural ventilation for dwellings to 
achieve thermal comfort and indoor air quality are shown. Thereby, it is found that 
for thermal comfort, airflow by stack effect can be used, while for IAQ , wind pres-
sure airflow could be applied.

In both cases, outdoor conditions, i.e., temperature difference between indoor 
and outdoor air and wind speed, are features that have high influence on the airflow 

Figure 6. 
Volumetric airflow by varying the wind speed and the effective opening area.
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rates. Nevertheless, these characteristics cannot be controlled by the building 
occupants; therefore, other approaches are considered.

These approaches are mainly three: the ceiling height, the orientation of the 
façades, and the driving of the openings. A comparison between Figures 3 and 6 
clearly shows the influence of these approaches upon the natural ventilation 
performance, where the ceiling height is the second most influencing parameter, 
followed by the building orientation. In both cases, the effective opening area plays 
a fundamental role to both increase the volumetric airflow rate and control it when 
it is necessary.

Nevertheless, in order to optimize the natural ventilation performance, various 
considerations must be taken. For the two first approaches, a correct design must be 
carried out before the construction of the dwellings, whereas for the correct driv-
ing, not only a proper design has to be done (operable openings), but the correct 
handling of the occupants is highly necessary.

If these approaches are correctly carried on, it is highly likely to achieve both 
IAQ and thermal comfort without spending any kind of resource, hence helping to 
the welfare of the occupants while countering the climate change.
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rates. Nevertheless, these characteristics cannot be controlled by the building 
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Chapter 4

Comprehensive Strategy for 
Sustainable Housing Design
Kazutoshi Fujihira

Abstract

Sustainable housing needs to be designed to maximize occupants’ well-being 
and minimize the environmental load. The pursuit of combining these two dif-
ferent aspects toward sustainability is a goal-oriented task. The science of control 
can be applied to all goal-oriented tasks. Therefore, applying control science, we 
have been progressing in research on sustainable housing design. Our previous 
study has produced the control system for promoting sustainable housing design in 
which sustainable design guidelines and sustainability checklist are incorporated. 
Based on these accomplished results, this study has comprehensively visualized the 
process of producing and revising the sustainable design guidelines and sustainabil-
ity checklist. Following this visualized process, also this study has concretely shown 
the production and revision processes of the sustainable design guidelines. The 
study results suggest that the comprehensive visualization can make these processes 
more manageable and help system designers to produce and revise the guidelines 
more efficiently. Furthermore, these results have led to indicating how to adjust the 
guidelines to different countries or regions as well as changing situations over time.

Keywords: sustainable housing, control system, sustainable design guidelines, 
sustainability checklist, production process, revision process,  
comprehensive visualization, communication

1. Introduction

Housing is the most important place that supports people’s well-being. 
Sheltering residents from severe climate and weather, housing basically provides 
areas and facilities for sleeping, preparing meals, eating, and hygiene. People also 
conduct other activities, such as childcare, nursing care, communication, recre-
ation, and learning, in their homes. Furthermore, the progress of information 
technology is currently increasing the number of people who work at home.

Meanwhile, housing is closely related to a variety of environmental problems. 
Typically, energy use at homes and the construction and demolition of houses have 
been significant causes of climate change, depletion of natural resources, and waste. 
Moreover, current and future impact caused by climate change is becoming a seri-
ous threat to human activities and people’s well-being [1, 2]. Thus, this emerging 
threat requires housing design to strengthen the function of shelter.

Sustainable housing needs to be designed to maximize residents’ well-being and 
minimize the environmental burden. The pursuit of combining these two different 
aspects toward sustainability is a goal-oriented task. The science of control can be 
applied to all goal-oriented tasks and has produced extraordinary results in many 
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fields, especially engineering. Accordingly, applying control science, we have been 
progressing in research on sustainable housing design. In 2017, the already produced 
research results were compiled into the monograph titled Sustainable Home Design 
by Applying Control Science.

The core of the already produced results is the control system for promoting 
sustainable housing design where sustainable design guidelines and sustainability 
checklist are incorporated. Utilizing these research results, recently we have strived 
to clearly demonstrate the process of producing and revising the sustainable design 
guidelines and sustainability checklist. Moreover, following this demonstrated 
process, we have made the newest revision of the design guidelines. This chapter 
reviews these study results and discusses the meaning of the study.

2. Control system for promoting sustainable housing design

The “control system for promoting sustainable housing design” is demonstrated 
in Figure 1. The upper area of the figure is the theoretical world; the lower area is 
the practical world.

“Disturbances” are adverse effects on controlled objects which are caused by 
environmental, social, or economic problems. Concrete examples of the distur-
bances include harmful influences caused by environmental pollution and various 
impacts resulting from climate change. The route from “disturbances” to “sustain-
ability” is “adaptation.” This route has been added, based on the recent scientific 
understanding that adaptation measures to current and future impact caused by 
climate change are also necessary toward sustainability [1, 2, 5].

The purpose of control is the achievement of “sustainability.” The model of 
sustainability (Figure 2) shows that sustainability needs both internal stability and 
fundamental stability, in order to realize the long-term well-being of all humankind 
or ultimate goal, within the finite global environment and natural resources or 
absolute limitations [6]. Internal stability means social and economic stability; the 
conditions for internal stability are “health,” “safety,” “mutual help,” and “self-
realization,” which are important for the well-being of humans [6]. On the other 
hand, fundamental stability means environmental stability and a stable supply 

Figure 1. 
Control system for promoting sustainable housing design [3, 4].
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of necessary goods; the conditions for fundamental stability are “environmental 
preservation” and “sustainable use of natural resources” [6].

“Desired values” are derived from the purpose of control, namely, sustain-
ability. Meanwhile, “controlled variables” are the variables that relate to controlled 
objects and need to be controlled for primarily solving or preventing the problems 
or adapting to disturbances [3, 4]. The control objective of this control system is to 
adjust the controlled variables to their desired values.

In the practical world, controlled objects are both “new homes” and “existing 
homes.” “People involved in design,” such as homeowners, architects, designers, and 
homebuilders, adjust the controlled variables to their desired values, by utilizing the 
“sustainable design guidelines” and “sustainability checklist.” Both the design guide-
lines and checklist have almost the same structure, namely, elements, variables, and 
their desired values. However, the checklist is created to easily compare measured or 
estimated variables with the desired values and search for controlled variables [3, 4].

When objects are new homes, first, information on the desired values reaches 
“people involved in design” through the “sustainable design guidelines.” People 
involved make “drawings and specifications,” so that the variables of home’s ele-
ments can attain their desired values as much as possible. At important steps in the 
design process, people involved check the drawings and specifications, by referring 
to the “sustainability checklist” [3, 4].

When existing homes are objects, the design process begins with “inspection” on the 
home as an object. The “people involved in design” measure or estimate each element’s 
variables of that home by referring to the “sustainability checklist.” After the inspec-
tion, the people involved usually make “drawings and specifications” for improvement, 
so that controlled variables satisfy their desired values as much as possible [3, 4].

3. Process of producing and revising the design guidelines and checklist

The process of producing and revising the sustainable design guidelines and sus-
tainability checklist is shown in Figure 3. The upper and lower areas divided by the 
dotted line represent the “theoretical world” and the “practical world,” respectively.

The central part demonstrates the course of preparing and using the “sustainable 
design guidelines” and “sustainability checklist.” First, system designers produce 

Figure 2. 
Model of sustainability [6].
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estimated variables with the desired values and search for controlled variables [3, 4].

When objects are new homes, first, information on the desired values reaches 
“people involved in design” through the “sustainable design guidelines.” People 
involved make “drawings and specifications,” so that the variables of home’s ele-
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or revise the guidelines and checklist through the three-stage process. Next, system 
users utilize the guidelines and checklist. After that, the residents use the actual 
homes that have been designed with the guidelines and checklist.

The four blocks on the left show the items to check when producing or revising 
the guidelines and checklist. The contents in these four items can change over time. 
Meanwhile, the two blocks on the lower right show the items to check when revising 
the guidelines and checklist, based on the feedback from the system users and home 
residents.

3.1 Process of producing the design guidelines and checklist

The process of producing the design guidelines and checklist consists of three 
stages: (1) identification of environmental, social, and economic problems related 
to housing, (2) identification of the requirements for sustainable housing design, 
and (3) determination of elements, variables, and their desired values in the design 
guidelines and checklist.

3.1.1 Identification of problems related to housing

Producing the guidelines starts with the identification of environmental, social, 
and economic problems related to housing. Observing trends in understanding 

Figure 3. 
Process of producing and revising the sustainable design guidelines and sustainability checklist.
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about problems related to housing, system designers search for the problems that 
should be identified. The basis for the identification is that the problems affect the 
total six stability conditions, namely, health, safety, mutual help, self-realization, 
environmental preservation, and sustainable use of natural resources. When iden-
tifying problems, system designers take up both global/general problems and local/
particular problems in their region or country. Examples of global/general problems 
are global warming and climate change, depletion of natural resources, and waste. 
Meanwhile, damage caused by earthquakes is included in local/particular problems.

3.1.2 Identification of the requirements for sustainable housing design

In the second stage, based on the identified problems related to housing, system 
designers identify the requirements for sustainable housing design. For example, if 
“depletion of natural resources” and “waste” are identified as problems in the first 
stage, the “extension of housing lifespan” and “use of resource-saving or waste-
prevention materials” are usually identified as the requirements. These two require-
ments are related to “sustainable use of natural resources,” one of the six stability 
conditions. Similarly, “damage caused by earthquakes” requires “higher resistance 
to earthquakes,” which is related to “safety,” another stability condition. In addition, 
observation of “trends in understanding about sustainable housing” also helps the 
system designers to identify such requirements.

3.1.3 Determination of elements, variables, and their desired values

In the third stage, the requirements for sustainable housing design are converted 
into the “element-variable-desired value” structure of the guidelines and checklist. 
The purpose of this conversion is the convenience of users in the practical world. 
The structure of “element-variable-desired value” shows design targets of each part 
of homes; therefore, it enables users to easily understand what should be designed 
and the courses of design.

3.1.3.1 Elements

The previous publications have presented a method of selecting important 
elements of homes, based on two main factors: “material” and “space.” “Material” 
regards housing as the aggregate of material elements, such as framework, exte-
rior, thermal insulation, windows and doors, interior, piping, and equipment for 
harnessing natural energy. “Space” considers housing as the aggregate of spatial 
elements, such as rooms and areas [3, 4]. In addition, material elements and spatial 
elements are equivalent to actual parts of homes. Accordingly, when designing, 
checking, evaluating, or inspecting homes, system users can easily compare the 
guidelines and checklist with the actual home or drawings [3, 4].

When selecting elements, system designers also consider the requirements 
for sustainable housing design. In other words, the elements that are required for 
sustainable housing design need to be included in the set of elements. For instance, 
“equipment for rainwater use” should be selected as one of material elements, even 
though it is not common in current ordinary homes [6].

3.1.3.2 Variables

After selecting elements, system designers examine the relationships between 
each element and the relevant stability condition(s), as well as the related 
requirement(s) for sustainable housing design. Subsequently they determine the 
element’s variables that can indicate the degree of stability [3, 4].
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elements, such as rooms and areas [3, 4]. In addition, material elements and spatial 
elements are equivalent to actual parts of homes. Accordingly, when designing, 
checking, evaluating, or inspecting homes, system users can easily compare the 
guidelines and checklist with the actual home or drawings [3, 4].

When selecting elements, system designers also consider the requirements 
for sustainable housing design. In other words, the elements that are required for 
sustainable housing design need to be included in the set of elements. For instance, 
“equipment for rainwater use” should be selected as one of material elements, even 
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each element and the relevant stability condition(s), as well as the related 
requirement(s) for sustainable housing design. Subsequently they determine the 
element’s variables that can indicate the degree of stability [3, 4].
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Choosing only one element, namely, “framework,” the rest of this part shows 
how to determine the variables. System designers examine the relationships 
between “framework” and “sustainable use of natural resources,” the relevant sta-
bility condition, as well as the “extension of housing lifespan” and “use of resource-
saving or waste-prevention materials,” the related requirements. As a result, they 
can identify “durability” and “materials,” indicators of “sustainable use of natural 
resources,” as variables of “framework.” Moreover, if the country or region is in an 
earthquake-prone area, the system designers consider the relationships between 
“framework” and “safety,” the relevant stability condition, as well as “higher 
resistance to earthquakes,” the related requirement. They can subsequently identify 
“resistance to earthquakes,” an indicator of “safety,” as an additional variable.

3.1.3.3 Desired values

After determining variables, system designers set the desired values of these 
variables that can meet the relevant stability conditions. Setting variables’ desired 
values requires observing two items in the practical world: “trends in technology 
related to housing” and “trends in systems related to housing design.” Observing 
trends in technology is significant for determining variables’ desired values of mate-
rial elements. Meanwhile, observing trends in systems related to housing design 
is necessary and useful for setting the desired values of most variables [7]. In this 
context, systems related to housing design include both compulsory and voluntary 
systems. Compulsory systems are building codes and regulations; voluntary systems 
are typically assessment and rating systems, standards, and design guidelines.

For example, if “durability” and “materials” have been identified as variables of 
“framework,” the desired values of these variables can be determined in the follow-
ing way. As for “durability,” the system designers can set its desired value, consider-
ing a necessary level of framework’s lifespan or deterioration resistance. Similarly, 
they can determine the desired value of “materials,” based on a necessary level of 
utilizing materials which promotes resource-saving or waste-prevention, such as 
renewable, recycled, and recyclable materials. When determining the desired values 
of “durability” and “materials,” it is significant to refer to relevant information in 
voluntary systems. Information on these desired values is usually included in volun-
tary systems, such as assessment and rating systems, and standards, whereas such 
information is outside the scope of building codes. Accordingly, system designers 
can set these desired values, by utilizing related criteria and information which are 
included in the relevant voluntary systems [7].

Meanwhile, if “resistance to earthquakes” has been identified as a variable of 
“framework,” the desired value is a sufficient level of preventing damage caused 
by earthquakes. In quake-prone countries, quakeproofing standards are usually 
stipulated in the building codes. However, if system designers consider that the 
standard value specified in the building codes is insufficient, they make an addition 
to the standard value, so as to suit the desired value [7]. On the other hand, if they 
consider that the standard value is suitable to the desired value, they can use it as 
it is. In the latter case, the variable and its desired value can be omitted from the 
guidelines and checklist, because people naturally conform to compulsory building 
codes [7].

3.2 Process of revising the design guidelines and checklist

The “sustainable design guidelines” and “sustainability checklist” need to 
be revised, for adjustment to changing situations as well as for higher accuracy 
and user-friendliness. The revision process can be divided into three spheres: 
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(1) changes in the theoretical world, (2) changes in the practical world, and 
(3) feedback from the users. After making preparations from the above three 
perspectives, system designers modify the tables of the guidelines and checklist.

3.2.1 Changes in the theoretical world

Noticeable changes over time in the theoretical world are necessary to be 
reflected in the guidelines and checklist. First, after searching for recent changes in 
problems which affect the six stability conditions shown in Figure 2, system design-
ers can amend the list of problems. Based on the amended list of problems, the 
system designers can also amend the list of the requirements for sustainable hous-
ing design. When amending these two lists, it is also necessary to observe the latest 
trends in “understanding about problems related to housing” and “understanding 
about sustainable housing.” After that, system designers consider modifications on 
the “element-variable-desired value” structure of the guidelines and checklist.

3.2.2 Changes in the practical world

In addition to changes in the theoretical world, changes in the practical world 
need to be reflected. Changes over time in the practical world include “changes in 
technology related to housing” and “changes in systems related to housing design.”

In order to search for “changes in technology related to housing,” system design-
ers need to watch the housing industry and regularly observe products related to 
housing. Housing-related products are closely connected with material elements in 
the guidelines. Therefore, if there are remarkable technological changes in housing-
related products, such changes can be smoothly taken up in the guidelines, by 
arranging relevant material elements’ variables and their desired values.

Meanwhile, changes in existing systems related to housing design also occur. 
Such changes include revisions or alterations of compulsory systems, including 
building codes, and voluntary systems, such as assessment and rating systems, and 
standards. System designers can include such changes in the guidelines, usually by 
modifying relevant variables’ desired values.

3.2.3 Feedback from the users

As demonstrated in the lower part of Figure 3, “feedback from the system users” 
and “feedback from the home residents” are also necessary to be considered. The 
feedback from the system users is information about reactions to the guidelines 
and checklist, including comments on the validity and user-friendliness of these 
systems. Such information is used as a basis for the improvement of the systems. 
Meanwhile, the feedback from the home residents is information about reactions to 
the homes that have been designed with the guidelines and checklist. Such informa-
tion, including comments on the homes’ amenities and sustainability performance, 
is also useful for the improvement of the systems.

4. Illustration of producing and revising the design guidelines

4.1 Design guidelines produced in Japan

We produced sustainable design guidelines, with a mind to utilization in Japan. 
The English translation of the design guidelines has been demonstrated in Table 
2 in the monograph’s Chapter 4, “Methodology of Applying Control Science to 
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3.1.3.3 Desired values
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variables that can meet the relevant stability conditions. Setting variables’ desired 
values requires observing two items in the practical world: “trends in technology 
related to housing” and “trends in systems related to housing design.” Observing 
trends in technology is significant for determining variables’ desired values of mate-
rial elements. Meanwhile, observing trends in systems related to housing design 
is necessary and useful for setting the desired values of most variables [7]. In this 
context, systems related to housing design include both compulsory and voluntary 
systems. Compulsory systems are building codes and regulations; voluntary systems 
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For example, if “durability” and “materials” have been identified as variables of 
“framework,” the desired values of these variables can be determined in the follow-
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they can determine the desired value of “materials,” based on a necessary level of 
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standard value specified in the building codes is insufficient, they make an addition 
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consider that the standard value is suitable to the desired value, they can use it as 
it is. In the latter case, the variable and its desired value can be omitted from the 
guidelines and checklist, because people naturally conform to compulsory building 
codes [7].

3.2 Process of revising the design guidelines and checklist

The “sustainable design guidelines” and “sustainability checklist” need to 
be revised, for adjustment to changing situations as well as for higher accuracy 
and user-friendliness. The revision process can be divided into three spheres: 
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(1) changes in the theoretical world, (2) changes in the practical world, and 
(3) feedback from the users. After making preparations from the above three 
perspectives, system designers modify the tables of the guidelines and checklist.

3.2.1 Changes in the theoretical world
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systems. Such information is used as a basis for the improvement of the systems. 
Meanwhile, the feedback from the home residents is information about reactions to 
the homes that have been designed with the guidelines and checklist. Such informa-
tion, including comments on the homes’ amenities and sustainability performance, 
is also useful for the improvement of the systems.

4. Illustration of producing and revising the design guidelines

4.1 Design guidelines produced in Japan

We produced sustainable design guidelines, with a mind to utilization in Japan. 
The English translation of the design guidelines has been demonstrated in Table 
2 in the monograph’s Chapter 4, “Methodology of Applying Control Science to 
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Sustainable Housing Design.” This section briefly reviews the process of produc-
ing the design guidelines, anew following the three-stage production process 
shown in Section 3.1 and Figure 3. In addition, the design guidelines shown in 
the monograph’s Chapter 4 were through a revision; however, this section consid-
ers the design guidelines as the newly produced version, for the convenience of 
explanation.

4.1.1 Identification of problems related to housing

The process of producing the guidelines starts with identifying environmental, 
social, and economic problems related to housing. In this case, identified main 
problems are shown in the second column of Table 1. In this table, the identified 
problems are divided into two types: “global/general problems” and “local/particu-
lar problems.” Global/general problems include global warming and climate change, 
depletion of natural resources, waste, and increase of medical and nursing care 
expenses due to aging population. On the other hand, main problems considered 
as local/particular are short lifespan of houses, poor indoor thermal performance, 
damage caused by earthquakes, and poor landscape. In addition, the boundary 
between the two types is not so distinguishable.

4.1.2 Identification of the requirements for sustainable housing design

After determining the problems related to housing, we identified the require-
ments for sustainable housing design. For instance, “global warming and climate 
change” require “energy saving,” “use of renewable energy,” and “conservation of 
green space,” for sustainable housing design. Similarly, “poor indoor thermal per-
formance” demands “improvement of indoor thermal performance.” In addition, 
items shown in the right column of Table 1 are relevant stability conditions.

4.1.3 Determination of elements, variables, and their desired values

Based on the method of selecting material and spatial elements of homes, as 
well as the requirements for sustainable housing design, first we determined the 
elements in the design guidelines. The total number of elements was 26, made 
up of 14 material elements and 12 spatial elements. The material elements were 
framework, exterior, thermal insulation, windows and doors, interior, bathtub, 
piping, water heater, appliances, lighting fixtures, equipment for harnessing 
natural energy, equipment for rainwater use, water-using equipment, and out-
door facilities [3]. The spatial elements were total floor, specified bedroom, areas 
relating to water use and hot-water supply, position and area of windows, toilet, 
bathroom, stairs, doorways, hallway, main access route to the entrance, slope, and 
garden area [3].

After selecting the elements, we determined the variables and their desired 
values. Choosing only one element, that is, “thermal insulation,” the rest of this 
section shows the details of determining the variable and its desired value. First, 
we identified “thermal insulation performance” as the variable, considering two 
requirements, namely, “improvement of indoor thermal performance” and “energy 
saving,” as well as the relevant stability conditions. Higher thermal insulation 
performance contributes to occupants’ better “health” as well as “environmental 
preservation” and “sustainable use of natural resources” through a reduction in 
energy usage for heating and air conditioning.

After that, observing trends in systems and technology related to housing 
thermal insulation performance, we set the desired value of the variable. The set 
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desired value was “Grade 4” in the “energy-saving action grades (thermal insula-
tion performance grades)” of the Japan Housing Performance Indication Standards 
(JHPIS) [3]. “Grade 4” is the highest in the above grades. In addition, housing 
thermal insulation performance is not stipulated in the building codes in Japan. 
Accordingly, utilizing the JHPIS, a national voluntary system, we determined the 
desired value.

4.2 The latest revision of the design guidelines

The design guidelines, the production process of which has been illustrated in 
the above, have most recently been revised. This latest revision has dealt with the 
three perspectives previously mentioned: (1) changes in the theoretical world, (2) 
changes in the practical world, and (3) feedback from the users.

Type of 
problems

Main environmental, 
social, and economic 
problems related to 
housing

Requirements for 
sustainable housing 
design

Stability conditions

Global/general 
problems

• Global warming and 
climate change

• Energy saving

• Use of renewable energy

• Conservation of green 
space

• Enviro-preservation

• Sustainable resources

• Depletion of natural 
resources

• Waste

• Extension of housing 
lifespan

• Use of resource-saving 
or waste-prevention 
materials

• Sustainable resources

• Harmful influences 
caused by climate 
change

• Adaptation measures • Health

• Safety

• Flood risks due to 
rainwater flowing out

• Water shortage risks

• Rainwater permeation 
into the ground

• Water saving

• Use of rainwater

• Enviro-preservation

• Sustainable resources

• Health

• Safety

• Increase of medical 
and nursing care 
expenses due to aging 
population

• Accessible and universal 
design

• Health

• Safety

Local/particular 
problems (in 
Japan)

• Short lifespan of 
houses

• Extension of housing 
lifespan

• Enviro-preservation

• Sustainable resources

• Poor indoor thermal 
performance

• Improvement of indoor 
thermal performance

• Health

• Enviro-preservation

• Sustainable resources

• Damage caused by 
earthquakes

• Higher resistance to 
earthquakes

• Safety

• Poor landscape • Consideration for 
landscape

• Health

Table 1. 
Problems related to housing and requirements for sustainable housing design identified for the design guidelines 
produced in Japan.
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section shows the details of determining the variable and its desired value. First, 
we identified “thermal insulation performance” as the variable, considering two 
requirements, namely, “improvement of indoor thermal performance” and “energy 
saving,” as well as the relevant stability conditions. Higher thermal insulation 
performance contributes to occupants’ better “health” as well as “environmental 
preservation” and “sustainable use of natural resources” through a reduction in 
energy usage for heating and air conditioning.

After that, observing trends in systems and technology related to housing 
thermal insulation performance, we set the desired value of the variable. The set 
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desired value was “Grade 4” in the “energy-saving action grades (thermal insula-
tion performance grades)” of the Japan Housing Performance Indication Standards 
(JHPIS) [3]. “Grade 4” is the highest in the above grades. In addition, housing 
thermal insulation performance is not stipulated in the building codes in Japan. 
Accordingly, utilizing the JHPIS, a national voluntary system, we determined the 
desired value.

4.2 The latest revision of the design guidelines

The design guidelines, the production process of which has been illustrated in 
the above, have most recently been revised. This latest revision has dealt with the 
three perspectives previously mentioned: (1) changes in the theoretical world, (2) 
changes in the practical world, and (3) feedback from the users.

Type of 
problems

Main environmental, 
social, and economic 
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• Global warming and 
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• Use of renewable energy
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rainwater flowing out

• Water shortage risks
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into the ground
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• Use of rainwater
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• Increase of medical 
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expenses due to aging 
population

• Accessible and universal 
design

• Health
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Local/particular 
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• Short lifespan of 
houses

• Extension of housing 
lifespan

• Enviro-preservation
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• Poor indoor thermal 
performance

• Improvement of indoor 
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Table 1. 
Problems related to housing and requirements for sustainable housing design identified for the design guidelines 
produced in Japan.
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4.2.1 Changes in the theoretical world

First, observing recent trends in understanding about housing-related problems, 
we have searched for the problems that affect conditions for stability. As a result, we 
have identified four additional problems which should be dealt with, as shown in 
the second column of Table 2. Two of them are global/general problems; the other 
two are local/particular problems. Based on these four problems, additional require-
ments for sustainable housing design have also been identified. After that, these 
additional requirements have been incorporated into the structure of “element-
variable-desired value.” The following describes the essentials of the identification 
and incorporation processes, by each requirement.

4.2.1.1 Storage of electricity

The Paris Agreement of 2015 has aimed to hold global temperatures “well 
below 2°C above pre-industrial levels and to pursue efforts to limit the temperature 
increase to 1.5°C” [8]. According to the latest IPCC report of 2018, limiting global 
warming to 1.5°C compared with 2°C would reduce challenging impacts on ecosys-
tems, human health, and well-being [9]. In such very recent situations, the use of 
renewable energy, especially solar and wind power generation, is rapidly growing 
in many countries [10]. However, the amount of electricity derived from solar and 
wind sources fluctuates with time of day, season, and random factors including 
weather. Accordingly, sharp increase in solar and wind power generation is also 
increasing breakdown risks in electricity systems [11, 12]. Responding to such 
changing situations, we have added “storage of electricity” as a requirement for 
sustainable housing design. Battery electricity storage systems are developing fast, 
with falling costs and improving performance [13]. In addition, storing electricity 
leads to securing emergency power source, which is one of adaptation measures 
against climate change.

When “storage of electricity” is incorporated into the guidelines, “storage 
battery” has been added as a new material element. In the guidelines, this “storage 
battery” has been placed just after an existing material element, “equipment for 
harnessing natural energy,” since storage batteries are often installed together with 
solar power generation systems. Subsequently, two variables of this new element, 
namely, “type” and “linkage,” have been identified. The desired value of “type” has 
been identified as “stationary battery or electric vehicle battery,” because both types 
are acceptable. Meanwhile, the desired value of “linkage” has been determined to be 
“interconnection with the home electrical system.”

4.2.1.2 Considerations for homeworking, telecommuting, and lifelong learning

Recently housing has been becoming more important as a place of work. The 
development of information technology and spread of the Internet are facilitating 
home-based businesses. Meanwhile, an increasing number of companies have been 
adopting telecommuting [14, 15]. A great advantage of working at home is compat-
ibility with childcare or nursing care. Moreover, working at home is also favorable 
for the environment because it can reduce energy for commuting.

Meanwhile, life longevity is increasing the necessity of lifelong learning. 
According to a best-selling book, The 100-Year Life: Living and Working in an Age of 
Longevity, an increasing number of people experience multiple careers, instead of 
a conventional single career, and inevitably continue to learn [16]. Now people not 
only recreate themselves in their free time but also need to “re-create” themselves at 
various places [16].
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In the past, homes were not considered important as places of work and lifelong 
learning. Therefore, if attempting to start working or learning at home, people 
sometimes face difficulties due to a shortage of space and facilities. Taking such 
situations into account, we have added “considerations for homeworking, telecom-
muting, and lifelong learning” as a requirement for sustainable housing design.

When “considerations for homeworking, telecommuting, and lifelong learning” is 
incorporated into the guidelines, “area(s) for working and learning” has been added as 
a new spatial element. In addition, we consider that the “area for learning” is used by 
both adults and children. After that, we have identified two variables of this new ele-
ment, namely, “place(s) in the home” and “equipment.” The desired value of “place(s) 
in the home” has been determined to be “in or near the living/dining room and kitchen 
area.” A reason for this setting is that “in or near the living/dining room and kitchen 
area” is convenient for combining working or learning with childcare or nursing care. 
Moreover, this layout is also expected to facilitate communication among residents, 
as shown in Figure 4(a). Meanwhile, the desired value of “equipment” has been set at 
“table/desk and shelf (fixed or movable) and Internet connection.”

4.2.1.3 Floor planning suitable for good communication among residents

In Japan, many studies on sociology and housing have pointed out that inap-
propriate room planning is related to social problems, such as school nonattendance 
and social withdrawal [17–20]. In the Japanese housing market, there are many 
homes, the floor plans of which are like the conceptual layout shown in Figure 4(b). 
In homes with such floor plans, children easily enter their private rooms without 
seeing other family members and can stay isolated. As a result, lack of com-
munication can cause underdeveloped communication skills and moreover school 
nonattendance [17, 19]. School nonattendance and social withdrawal are closely 
related to domestic violence [19] and difficulty in entering higher-level schools and 
finding jobs. Therefore, aiming to prevent these social problems, we have identified 
“floor planning suitable for good communication among residents” as an additional 
requirement for sustainable housing design.

Type of 
problems

Environmental, social, 
and economic problems 
related to housing

Requirements for 
sustainable housing 
design

Stability conditions

Global/general 
problems

• Breakdown risks in 
electricity systems due to 
increasing solar and wind 
power generation

• Storage of electricit • Sustainable 
resources

• Health (in crises)

• Safety (in crises)

• Insufficient consider-
ations for homeworking, 
telecommuting, and 
lifelong learning

• Considerations for home-
working, telecommuting, 
and lifelong learning

• Self-realization

Local/
particular 
problems
(in Japan)

• Problems resulting 
from insufficient 
communication

• Floor planning suitable 
for good communication 
among residents

• Mutual help

• Self-realization

• Declining trend of food 
production and farming 
population

• Considerations for 
food production and 
agricultural learning at 
housing sites

• Self-realization

Table 2. 
Additional problems and requirements for sustainable housing design identified for the latest revision of the 
design guidelines.
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as shown in Figure 4(a). Meanwhile, the desired value of “equipment” has been set at 
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In Japan, many studies on sociology and housing have pointed out that inap-
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homes, the floor plans of which are like the conceptual layout shown in Figure 4(b). 
In homes with such floor plans, children easily enter their private rooms without 
seeing other family members and can stay isolated. As a result, lack of com-
munication can cause underdeveloped communication skills and moreover school 
nonattendance [17, 19]. School nonattendance and social withdrawal are closely 
related to domestic violence [19] and difficulty in entering higher-level schools and 
finding jobs. Therefore, aiming to prevent these social problems, we have identified 
“floor planning suitable for good communication among residents” as an additional 
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The key space to communication among residents is the “living/dining room 
and kitchen area”; therefore, we have added this area to the design guidelines as a 
new spatial element. After that, we have identified two variables of this element, 
that is, “place in the home” and “type of kitchen.” The desired value of “place in the 
home” has been determined to be “between the entrance and private room area,” 
because many experts recommend this placement for more frequent communication 
[17–20]. Meanwhile, the desired value of “type of kitchen” has been set at “open or 
semi-open.” Recently open- and semi-open-type kitchens are popular in the Japanese 
housing market since these types of kitchens are favorable for good communication, 
as compared with closed-type kitchens. The conceptual layout that includes these 
considerations, as well as “area(s) for working and learning,” is demonstrated in 
Figure 4(a). In addition, there has been a survey on more than 200 homes where 
successful examinees to famous junior high schools have lived. The results of this 
survey have revealed that most of these children have learned in or near living/dining 
room areas, while actively communicating with their family members [21].

4.2.1.4  Considerations for food production and agricultural learning at  
housing sites

The recent situation of Japan’s farming population and food production has 
been declining alarmingly. The farming population has decreased from 2.61 million 

Figure 4. 
Conceptual layouts favorable and unfavorable for communication.
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in 2010 to 1.75 million in 2018 [22]. The average age of the farming population has 
risen from 65.8 years old in 2010 to 66.8 in 2018 [22]. The total area of abandoned 
farmland has increased from 123,000 ha in 1980 to 423,000 ha in 2015 [23]. There 
has also been a long-term declining trend in the food self-sufficiency rate. The 
calorie-based food self-sufficiency ratio in 2017 is only 38% and the monetary-
value-based self-sufficiency ratio is 65% [24].

Currently homes in Japan are usually separated from food production. One of 
the measures for encouraging people to be involved in food production is “food and 
agriculture education,” which can be conducted at homes, schools, and local com-
munities. Food and agriculture education at home is mainly connected with farm-
work at vegetable gardens. According to a survey, experience of growing vegetables 
at home has positive effects on children’s intention to engage in farming as work in 
the future [25]. Moreover, after starting as a vegetable gardener, more than a few 
people try to be a professional farmer [26].

Discovering that housing is related to Japan’s food and agriculture problems, we 
have added “considerations for food production and agricultural learning at hous-
ing sites” as a requirement for sustainable housing design. In addition, there are also 
other reasons why this consideration has been added: (1) farm work is beneficial 
to health [27], (2) farming leads to securing emergency food, (3) farming encour-
ages communication with family members and neighboring residents [27], and (4) 
farming can help people commune with nature.

When “considerations for food production and agricultural learning at hous-
ing sites” is incorporated into the guidelines, “vegetable garden and/or fruit trees” 
has been added as a new variable of the existing spatial element “garden area.” 
Subsequently, the desired value of “vegetable garden and/or fruit trees” has been 
set at “included.”

4.2.2 Changes in the practical world

Observing recent changes in technology and systems, we have revised the 
desired values related to two points: (1) thermal insulation performance standards, 
and (2) energy-efficient water heaters. Moreover, we have modified the desired 
value of rainwater equipment, following a slight change in the description of the 
related system.

4.2.2.1 Thermal insulation performance standards

Japanese housing thermal performance has traditionally been low. However, 
it is gradually improving, due to changes in housing-related technology as well as 
requirements for energy saving and occupants’ health. As a result, recently a new 
national voluntary system, the “net zero energy house (ZEH) certification stan-
dards,” has emerged and shown higher thermal performance criteria than the usual 
criteria [28, 29].

Recognizing these changes in the practical world, we have lifted the desired 
value regarding thermal performance in the guidelines. To be concrete, we have 
revised the desired value of “thermal insulation performance” of the two material 
elements, “thermal insulation” and “windows and doors,” to the relevant criteria 
stipulated in the ZEH certification standards. The ZEH thermal insulation per-
formance criteria are evaluated based on “average heat transmission coefficient 
(UA).” The standard value of “UA” varies, depending on climate classification. For 
instance, the criterion of “UA” for the area where Tokyo is included has been set at 
“0.6 W/(m2 K) or less” [28, 29].
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The key space to communication among residents is the “living/dining room 
and kitchen area”; therefore, we have added this area to the design guidelines as a 
new spatial element. After that, we have identified two variables of this element, 
that is, “place in the home” and “type of kitchen.” The desired value of “place in the 
home” has been determined to be “between the entrance and private room area,” 
because many experts recommend this placement for more frequent communication 
[17–20]. Meanwhile, the desired value of “type of kitchen” has been set at “open or 
semi-open.” Recently open- and semi-open-type kitchens are popular in the Japanese 
housing market since these types of kitchens are favorable for good communication, 
as compared with closed-type kitchens. The conceptual layout that includes these 
considerations, as well as “area(s) for working and learning,” is demonstrated in 
Figure 4(a). In addition, there has been a survey on more than 200 homes where 
successful examinees to famous junior high schools have lived. The results of this 
survey have revealed that most of these children have learned in or near living/dining 
room areas, while actively communicating with their family members [21].

4.2.1.4  Considerations for food production and agricultural learning at  
housing sites

The recent situation of Japan’s farming population and food production has 
been declining alarmingly. The farming population has decreased from 2.61 million 
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in 2010 to 1.75 million in 2018 [22]. The average age of the farming population has 
risen from 65.8 years old in 2010 to 66.8 in 2018 [22]. The total area of abandoned 
farmland has increased from 123,000 ha in 1980 to 423,000 ha in 2015 [23]. There 
has also been a long-term declining trend in the food self-sufficiency rate. The 
calorie-based food self-sufficiency ratio in 2017 is only 38% and the monetary-
value-based self-sufficiency ratio is 65% [24].

Currently homes in Japan are usually separated from food production. One of 
the measures for encouraging people to be involved in food production is “food and 
agriculture education,” which can be conducted at homes, schools, and local com-
munities. Food and agriculture education at home is mainly connected with farm-
work at vegetable gardens. According to a survey, experience of growing vegetables 
at home has positive effects on children’s intention to engage in farming as work in 
the future [25]. Moreover, after starting as a vegetable gardener, more than a few 
people try to be a professional farmer [26].

Discovering that housing is related to Japan’s food and agriculture problems, we 
have added “considerations for food production and agricultural learning at hous-
ing sites” as a requirement for sustainable housing design. In addition, there are also 
other reasons why this consideration has been added: (1) farm work is beneficial 
to health [27], (2) farming leads to securing emergency food, (3) farming encour-
ages communication with family members and neighboring residents [27], and (4) 
farming can help people commune with nature.

When “considerations for food production and agricultural learning at hous-
ing sites” is incorporated into the guidelines, “vegetable garden and/or fruit trees” 
has been added as a new variable of the existing spatial element “garden area.” 
Subsequently, the desired value of “vegetable garden and/or fruit trees” has been 
set at “included.”

4.2.2 Changes in the practical world

Observing recent changes in technology and systems, we have revised the 
desired values related to two points: (1) thermal insulation performance standards, 
and (2) energy-efficient water heaters. Moreover, we have modified the desired 
value of rainwater equipment, following a slight change in the description of the 
related system.

4.2.2.1 Thermal insulation performance standards

Japanese housing thermal performance has traditionally been low. However, 
it is gradually improving, due to changes in housing-related technology as well as 
requirements for energy saving and occupants’ health. As a result, recently a new 
national voluntary system, the “net zero energy house (ZEH) certification stan-
dards,” has emerged and shown higher thermal performance criteria than the usual 
criteria [28, 29].

Recognizing these changes in the practical world, we have lifted the desired 
value regarding thermal performance in the guidelines. To be concrete, we have 
revised the desired value of “thermal insulation performance” of the two material 
elements, “thermal insulation” and “windows and doors,” to the relevant criteria 
stipulated in the ZEH certification standards. The ZEH thermal insulation per-
formance criteria are evaluated based on “average heat transmission coefficient 
(UA).” The standard value of “UA” varies, depending on climate classification. For 
instance, the criterion of “UA” for the area where Tokyo is included has been set at 
“0.6 W/(m2 K) or less” [28, 29].
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4.2.2.2 Energy-efficient water heaters

Following the rise of a new type of energy-efficient water heater in the market, 
we have modified the desired value of “type of water heater.” At the same time, 
this revised version has adopted a way of offering choices as energy-efficient 
types, instead of quoting an assessment level used in Japan’s national assessment 
and certification system, CASBEE for Detached Houses. The offered choices are the 
following four types: (1) solar, (2) electric heat-pump, (3) electric heat-pump and 
instantaneous gas combined, and (4) fuel-burning latent-heat recovery instant-
supply. The third type, which is often called “hybrid,” is the aforementioned new 
type of energy-efficient water heater [30].

4.2.3 Feedback from the users

4.2.3.1 Feedback from the system users

After finding a thought-provoking suggestion in recent feedback from the 
guidelines/checklist users, we have decided to include it in the latest revision. The 
main point of this suggestion is that lighting fixtures used in living spaces should 
be products with brightness and color adjustment functions, for energy saving and 
occupants’ health.

Required brightness of indoor artificial lighting varies according to circum-
stances, such as natural lighting through windows and occupants’ visual comfort. 
Moreover, lighting capable of adjusting brightness and color is also favorable for 
residents’ health. Exposure to bright lights at night suppresses the secretion of 
melatonin and can affect sleep and potentially cause diseases, such as sleep disorder 
and diabetes [31, 32]. Although light of any color can suppress melatonin secretion, 
especially blue light at night has greater effects [31, 32]. Therefore, especially in liv-
ing spaces, lighting fixtures fitted with brightness and color adjustment functions 
are favorable for both energy conservation and residents’ health.

On the other hand, LED lighting fixtures with brightness and color adjustment 
functions are on the market at reasonable prices. Accordingly, we have made a revi-
sion to the desired value of “type of light” for “lighting fixtures” in the guidelines, 
namely “LED,” adding “lighting fixtures used in the living spaces are fitted with 
brightness and color adjustment functions” as a supplementary note to “LED.”

4.2.3.2 Feedback from the home residents

There have not been any reactions from the home residents which have led to 
the revision of the guidelines. Meanwhile, we have had a remarkable comment 
from the occupants who live in the home of the case study that has been introduced 
in Chapter 5 of the monograph. The comment says that “this home’s thermal 
insulation performance is satisfactory, but this thermal performance level is never 
excessive.” The building envelope’s heat loss coefficient (Q ) of this house is “Q = 1.9 
[W/(m2 K)]” [33], which can be converted into “UA = 0.61 [W/(m2 K)].” “UA = 0.61 
[W/(m2 K)]” is almost equal to the net zero energy house (ZEH) thermal perfor-
mance criterion for this area division. Accordingly, this comment has supported the 
adoption of the ZEH thermal performance criteria, as the desired value of thermal 
insulation performance.

Finally, all of the above revision items have been incorporated into the table of 
“element-variable-desired value” structure. The final revised version of the guide-
lines is shown in Table 3; the added and modified descriptions are written in italics.
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Element Variable Desired value Stability condition

Framework Resistance to 
earthquakes

JHPIS 1-1: Grade 2 or over • Safety

Durability JHPIS 3.1: Grade 3 • Sustainable resources

Materials CASBEE LRH2 1.1: Level 
4 or over

• Sustainable resources

Exterior (outer 
wall, roof, etc.)

Fire resistance 
(outer wall)

JHPIS 2-6: Grade 3 or over • Safety

Shape and color Consideration for the 
landscape

• Health

Durability CASBEE QH2 1.2 and 1.3: 
Level 4 or over

• Sustainable resources

Materials CASBEE LRH2 1.3: Level 
4 or over

• Sustainable resources

Thermal 
insulation

Thermal insulation 
performance

Thermal performance 
criteria stipulated in the net 
zero energy house (ZEH) 
certification

• Health

• Enviro-preservation

• Sustainable resources

Windows and 
doors

Thermal insulation 
performance

Thermal performance 
criteria stipulated in the 
ZEH certification

• Health

• Enviro-preservation

• Sustainable resources

Sunlight 
adjustment 
capability

CASBEE QH1 1.1.2: Level 
4 or over

• Health

• Enviro-preservation

• Sustainable resources

Sound insulation 
performance

CASBEE QH1 4: Level 4 
or over

• Health

Measures to 
prevent intrusions

CASBEE QH1 2.3: Level 4 
or over

• Safety

Protection of glass 
against impacts

With shutters • Safety

Interior Measures against 
formaldehyde

CASBEE QH1 2.1: Level 5 • Health

Materials CASBEE LRH2 1.4: Level 
4 or over

• Sustainable resources

Bathtub Heat insulation Insulated • Enviro-preservation

Piping Measures for 
maintenance

JHPIS 4.1: Grade 3 • Sustainable resources

Method of water 
and hot-water 
piping

Header and pipe-in-pipe 
system

• Enviro-preservation

• Sustainable resources

Water heater Type of water 
heater

Energy-saving type (solar, 
electric heat-pump, 
electric heat-pump 
and instantaneous gas 
combined, fuel-burning 
latent-heat recovery 
instant-supply type)

• Enviro-preservation

• Sustainable resources

Appliances Energy-saving 
standard 
achievement rate

100% or more (three or 
more stars)

• Enviro-preservation

• Sustainable resources



Different Strategies of Housing Design

54

4.2.2.2 Energy-efficient water heaters

Following the rise of a new type of energy-efficient water heater in the market, 
we have modified the desired value of “type of water heater.” At the same time, 
this revised version has adopted a way of offering choices as energy-efficient 
types, instead of quoting an assessment level used in Japan’s national assessment 
and certification system, CASBEE for Detached Houses. The offered choices are the 
following four types: (1) solar, (2) electric heat-pump, (3) electric heat-pump and 
instantaneous gas combined, and (4) fuel-burning latent-heat recovery instant-
supply. The third type, which is often called “hybrid,” is the aforementioned new 
type of energy-efficient water heater [30].

4.2.3 Feedback from the users

4.2.3.1 Feedback from the system users

After finding a thought-provoking suggestion in recent feedback from the 
guidelines/checklist users, we have decided to include it in the latest revision. The 
main point of this suggestion is that lighting fixtures used in living spaces should 
be products with brightness and color adjustment functions, for energy saving and 
occupants’ health.

Required brightness of indoor artificial lighting varies according to circum-
stances, such as natural lighting through windows and occupants’ visual comfort. 
Moreover, lighting capable of adjusting brightness and color is also favorable for 
residents’ health. Exposure to bright lights at night suppresses the secretion of 
melatonin and can affect sleep and potentially cause diseases, such as sleep disorder 
and diabetes [31, 32]. Although light of any color can suppress melatonin secretion, 
especially blue light at night has greater effects [31, 32]. Therefore, especially in liv-
ing spaces, lighting fixtures fitted with brightness and color adjustment functions 
are favorable for both energy conservation and residents’ health.

On the other hand, LED lighting fixtures with brightness and color adjustment 
functions are on the market at reasonable prices. Accordingly, we have made a revi-
sion to the desired value of “type of light” for “lighting fixtures” in the guidelines, 
namely “LED,” adding “lighting fixtures used in the living spaces are fitted with 
brightness and color adjustment functions” as a supplementary note to “LED.”

4.2.3.2 Feedback from the home residents

There have not been any reactions from the home residents which have led to 
the revision of the guidelines. Meanwhile, we have had a remarkable comment 
from the occupants who live in the home of the case study that has been introduced 
in Chapter 5 of the monograph. The comment says that “this home’s thermal 
insulation performance is satisfactory, but this thermal performance level is never 
excessive.” The building envelope’s heat loss coefficient (Q ) of this house is “Q = 1.9 
[W/(m2 K)]” [33], which can be converted into “UA = 0.61 [W/(m2 K)].” “UA = 0.61 
[W/(m2 K)]” is almost equal to the net zero energy house (ZEH) thermal perfor-
mance criterion for this area division. Accordingly, this comment has supported the 
adoption of the ZEH thermal performance criteria, as the desired value of thermal 
insulation performance.

Finally, all of the above revision items have been incorporated into the table of 
“element-variable-desired value” structure. The final revised version of the guide-
lines is shown in Table 3; the added and modified descriptions are written in italics.
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Element Variable Desired value Stability condition

Framework Resistance to 
earthquakes

JHPIS 1-1: Grade 2 or over • Safety

Durability JHPIS 3.1: Grade 3 • Sustainable resources

Materials CASBEE LRH2 1.1: Level 
4 or over

• Sustainable resources

Exterior (outer 
wall, roof, etc.)

Fire resistance 
(outer wall)

JHPIS 2-6: Grade 3 or over • Safety

Shape and color Consideration for the 
landscape

• Health

Durability CASBEE QH2 1.2 and 1.3: 
Level 4 or over

• Sustainable resources

Materials CASBEE LRH2 1.3: Level 
4 or over

• Sustainable resources

Thermal 
insulation

Thermal insulation 
performance

Thermal performance 
criteria stipulated in the net 
zero energy house (ZEH) 
certification

• Health

• Enviro-preservation

• Sustainable resources

Windows and 
doors

Thermal insulation 
performance

Thermal performance 
criteria stipulated in the 
ZEH certification

• Health

• Enviro-preservation

• Sustainable resources

Sunlight 
adjustment 
capability

CASBEE QH1 1.1.2: Level 
4 or over

• Health

• Enviro-preservation

• Sustainable resources

Sound insulation 
performance

CASBEE QH1 4: Level 4 
or over

• Health

Measures to 
prevent intrusions

CASBEE QH1 2.3: Level 4 
or over

• Safety

Protection of glass 
against impacts

With shutters • Safety

Interior Measures against 
formaldehyde

CASBEE QH1 2.1: Level 5 • Health

Materials CASBEE LRH2 1.4: Level 
4 or over

• Sustainable resources

Bathtub Heat insulation Insulated • Enviro-preservation

Piping Measures for 
maintenance

JHPIS 4.1: Grade 3 • Sustainable resources

Method of water 
and hot-water 
piping

Header and pipe-in-pipe 
system

• Enviro-preservation

• Sustainable resources

Water heater Type of water 
heater

Energy-saving type (solar, 
electric heat-pump, 
electric heat-pump 
and instantaneous gas 
combined, fuel-burning 
latent-heat recovery 
instant-supply type)

• Enviro-preservation

• Sustainable resources

Appliances Energy-saving 
standard 
achievement rate

100% or more (three or 
more stars)

• Enviro-preservation

• Sustainable resources
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Element Variable Desired value Stability condition

Lighting fixtures Type of light LED (lighting fixtures used 
in the living spaces are fitted 
with brightness and color 
adjustment functions)

• Enviro-preservation

• Sustainable resources

Equipment 
for harnessing 
natural energy

Harnessed natural 
energy

100% or more of the total 
energy usage

• Health (in crises)

• Safety (in crises)

• Enviro-preservation

• Sustainable resources

Storage battery Type Stationary battery or 
electric vehicle battery

• Health (in crises)

• Safety (in crises)

• Sustainable resourcesLinkage Interconnection with the 
home electrical system

Equipment for 
rainwater use

Rainwater 
equipment

Rainwater tank (80 lit. 
or more) or system with a 
rainwater tank (80 lit. or 
more) for daily use

• Health (in crises)

• Safety (in crises)

• Enviro-preservation

• Sustainable resources

Water-using 
equipment

Water-saving 
functions

CASBEE LRH1 2.1: Level 
4 or over

• Enviro-preservation

• Sustainable resources

Outdoor facilities 
(fence, etc.)

Form Not blocking sightlines • Safety

• Mutual help

Appearance Consideration for the 
landscape

• Health

Materials CASBEE LRH2 1.5: Level 5 • Sustainable resources

Total floor Total floor area 75 m2 or more [Note 4] • Health

Specified 
bedroom

Routes to toilet and 
bath area, dining 
room, kitchen, and 
entrance

Accessible without steps • Health

• Safety

Internal floor space 9 m2 or more

Living/dining 
room and kitchen 
area

Place in the home Between the entrance and 
private room area

• Mutual help

Type of kitchen Open or semi-open

Area(s) for 
working and 
learning

Place(s) in the 
home

In or near the living/dining 
room and kitchen area

• Mutual help

• Self-realization
Equipment Table/desk and shelf (fixed 

or movable) and Internet 
connection

Areas relating 
to water use and 
hot-water supply

Areas in the home Placing them closer • Enviro-preservation

• Sustainable resources

Position and area 
of windows

Natural ventilation CASBEE QH1 1.2.1: Level 5 • Health

• Enviro-preservation

• Sustainable resources

Ratio of total 
window area to 
floor area in each 
living space

20% or more

Toilet Internal length or 
spacing

JHPIS 9.1: Grade 3 or over • Health

• Safety
Handrails which 
help users sit and 
stand

Installed
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5. Discussion

This section discusses the study results from the following three perspectives: 
(1) comprehensive visualization of process for producing and revising the guide-
lines, (2) adjustment to different and changing situations, and (3) meaning of using 
the guidelines and checklist.

5.1   Comprehensive visualization of process for producing and revising the 
guidelines

Section 3 of this chapter has demonstrated the process of producing and revising 
the sustainable design guidelines and sustainability checklist. Especially Figure 3 
has comprehensively visualized both the production and revision processes in one 
diagram.

The production process has been shown through the three stages: (1) identifi-
cation of problems related to housing, (2) identification of the requirements for 
sustainable housing design, and (3) determination of elements, variables, and their 
desired values. Following this three-stage process, Section 4.1 has briefly reviewed 
the production process of the already produced design guidelines. The previous 

Element Variable Desired value Stability condition

Bathroom Floor space and 
width

JHPIS 9.1: Grade 3 or over • Health

• Safety
Handrails help 
users go in and out 
of the bathtub

Installed

Stairs Grade of steepness JHPIS 9.1: Grade 3 or over • Health

• SafetyHandrails Installed

Doorways Differences in level No differences • Health

• SafetyWidth 75 cm or more (Bath: 
60 cm or more)

Hallway Width 78 cm or more • Health

• Safety

Main access route 
to the entrance

Surface Level or sloping • Health

• SafetyWidth 90 cm or more

Slope Grade of steepness 1/8 or less • Health

• SafetyHandrails Installed

Garden area Ratio of the garden 
area to the exterior 
area

40% or more • Enviro-preservation

Vegetable garden 
and/or fruit trees

Included • Health

• Mutual help

• Self-realization

(1) “Material elements” are from “framework” to “outdoor facilities,” and “spatial elements” are from “total floor” 
to “garden area.”
(2) JHPIS means the Japan Housing Performance Indication Standards (for new homes).
(3) CASBEE means CASBEE for Detached Houses (for new construction)—Technical Manual 2018 Edition.
(4) At least one story’s area (excluding stairs) is 40 m2 or more.

Table 3. 
The latest revised version of the sustainable design guidelines.
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Element Variable Desired value Stability condition

Lighting fixtures Type of light LED (lighting fixtures used 
in the living spaces are fitted 
with brightness and color 
adjustment functions)

• Enviro-preservation

• Sustainable resources

Equipment 
for harnessing 
natural energy

Harnessed natural 
energy

100% or more of the total 
energy usage

• Health (in crises)

• Safety (in crises)

• Enviro-preservation

• Sustainable resources

Storage battery Type Stationary battery or 
electric vehicle battery

• Health (in crises)

• Safety (in crises)

• Sustainable resourcesLinkage Interconnection with the 
home electrical system

Equipment for 
rainwater use

Rainwater 
equipment

Rainwater tank (80 lit. 
or more) or system with a 
rainwater tank (80 lit. or 
more) for daily use

• Health (in crises)

• Safety (in crises)

• Enviro-preservation

• Sustainable resources

Water-using 
equipment

Water-saving 
functions

CASBEE LRH1 2.1: Level 
4 or over

• Enviro-preservation

• Sustainable resources

Outdoor facilities 
(fence, etc.)

Form Not blocking sightlines • Safety

• Mutual help

Appearance Consideration for the 
landscape

• Health

Materials CASBEE LRH2 1.5: Level 5 • Sustainable resources

Total floor Total floor area 75 m2 or more [Note 4] • Health

Specified 
bedroom

Routes to toilet and 
bath area, dining 
room, kitchen, and 
entrance

Accessible without steps • Health

• Safety

Internal floor space 9 m2 or more

Living/dining 
room and kitchen 
area

Place in the home Between the entrance and 
private room area

• Mutual help

Type of kitchen Open or semi-open

Area(s) for 
working and 
learning

Place(s) in the 
home

In or near the living/dining 
room and kitchen area

• Mutual help

• Self-realization
Equipment Table/desk and shelf (fixed 

or movable) and Internet 
connection

Areas relating 
to water use and 
hot-water supply

Areas in the home Placing them closer • Enviro-preservation

• Sustainable resources

Position and area 
of windows

Natural ventilation CASBEE QH1 1.2.1: Level 5 • Health

• Enviro-preservation

• Sustainable resources

Ratio of total 
window area to 
floor area in each 
living space

20% or more

Toilet Internal length or 
spacing

JHPIS 9.1: Grade 3 or over • Health

• Safety
Handrails which 
help users sit and 
stand

Installed
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5. Discussion

This section discusses the study results from the following three perspectives: 
(1) comprehensive visualization of process for producing and revising the guide-
lines, (2) adjustment to different and changing situations, and (3) meaning of using 
the guidelines and checklist.

5.1   Comprehensive visualization of process for producing and revising the 
guidelines

Section 3 of this chapter has demonstrated the process of producing and revising 
the sustainable design guidelines and sustainability checklist. Especially Figure 3 
has comprehensively visualized both the production and revision processes in one 
diagram.

The production process has been shown through the three stages: (1) identifi-
cation of problems related to housing, (2) identification of the requirements for 
sustainable housing design, and (3) determination of elements, variables, and their 
desired values. Following this three-stage process, Section 4.1 has briefly reviewed 
the production process of the already produced design guidelines. The previous 

Element Variable Desired value Stability condition

Bathroom Floor space and 
width

JHPIS 9.1: Grade 3 or over • Health

• Safety
Handrails help 
users go in and out 
of the bathtub

Installed

Stairs Grade of steepness JHPIS 9.1: Grade 3 or over • Health

• SafetyHandrails Installed

Doorways Differences in level No differences • Health

• SafetyWidth 75 cm or more (Bath: 
60 cm or more)

Hallway Width 78 cm or more • Health

• Safety

Main access route 
to the entrance

Surface Level or sloping • Health

• SafetyWidth 90 cm or more

Slope Grade of steepness 1/8 or less • Health

• SafetyHandrails Installed

Garden area Ratio of the garden 
area to the exterior 
area

40% or more • Enviro-preservation

Vegetable garden 
and/or fruit trees

Included • Health

• Mutual help

• Self-realization

(1) “Material elements” are from “framework” to “outdoor facilities,” and “spatial elements” are from “total floor” 
to “garden area.”
(2) JHPIS means the Japan Housing Performance Indication Standards (for new homes).
(3) CASBEE means CASBEE for Detached Houses (for new construction)—Technical Manual 2018 Edition.
(4) At least one story’s area (excluding stairs) is 40 m2 or more.

Table 3. 
The latest revised version of the sustainable design guidelines.
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publications, including the monograph, mentioned the production process and 
explained especially the third stage in detail. However, they could not show the 
consecutiveness of the three stages. On the other hand, the diagramming of the 
production process has clarified the overall perspective of producing the design 
guidelines.

Meanwhile, the revision process has been demonstrated from the three per-
spectives: (1) changes in the theoretical world, (2) changes in the practical world, 
and (3) feedback from the users. Following this process, we have made the latest 
revision of the design guidelines, as shown in Section 4.2. When comparing this 
latest revision with the previous one, we consider that this schematization has 
made the process more manageable and helped us to revise the guidelines more 
efficiently.

5.2 Adjustment to different and changing situations

The previous publications have already indicated that the “element-variable-
desired value” structure in the guidelines has a mechanism of “adaptability to 
regional differences” and “flexibility toward changes over time” [4, 7]. This chapter 
has more concretely supported this indication. It has shown how to help system 
designers to adjust the guidelines to different and changing situations.

Tables 1 and 2 in Section 4 have demonstrated local/particular problems 
observed in Japan, in addition to global/general problems. As a result, such local/
particular problems have naturally been taken in the process of producing and 
revising the guidelines. The produced and revised guidelines are suitable for the 
Japan’s situation. If the same method is adopted in other countries or regions apart 
from Japan, similar results are expected to be obtained.

Meanwhile, Sections 3.2 and 4.2 have shown the process of revising the guide-
lines and its concrete example, respectively. These study results include theoretical 
and practical ways to adjust the guidelines to changing situations over time.

5.3 Meaning of using the guidelines and checklist

The guidelines and checklist are “user-friendly” because of their compact-
ness as well as ease of comparison. The guidelines and checklist are simple tables. 
Meanwhile, material and spatial elements are equivalent to actual parts of homes; 
therefore, people involved in design can easily compare them with the actual home 
or drawings [4, 7].

The guidelines and checklist have another characteristic, “comprehensiveness.” 
The main factor of this feature is the use of the “model of sustainability,” which 
has been shown in Figure 2. This model contains “mutual help” and “self-realiza-
tion,” in addition to common considerations, such as health, safety, environmental 
preservation, and natural resources. As a result, as demonstrated in the latest 
revision of the guidelines, considerations for communication, working, and learn-
ing have been included. Furthermore, these inclusions have led to indicate a new 
aspect of homes, where residents are learning and working while communicating 
with one another.

The sustainable design guidelines and sustainability checklist can be used in 
various steps in the design processes, as demonstrated in Figure 1. If system users 
refer to them in such processes, they can easily and comprehensively check points 
for sustainable housing design. Houses are used for a very long time. Meanwhile, 
renovation after the construction wastes resources, labor, and money. In order to 
achieve sustainable housing as well as avoid regrets after the construction, it is 
meaningful to use the guidelines and checklist.
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6. Conclusion

The previous study has provided the control system for promoting sustainable 
housing design where the sustainable design guidelines and sustainability checklist 
are incorporated. Based on these accomplished research results, this study has com-
prehensively visualized the process of producing and revising the design guidelines 
and checklist. Following this process, this study has also illustrated the production 
and revision processes of the design guidelines. The study results suggest that the 
comprehensive visualization can make these processes more manageable and help 
system designers to produce and revise the guidelines more efficiently.

Moreover, this study has indicated how to adjust the guidelines to different 
and changing situations. It has included a method of identifying housing-related 
problems, in which local/particular problems are identified, in addition to global/
general problems. If this method is adopted in a country or region, the produced 
and revised guidelines are expected to suit to the situation of that country or region. 
Meanwhile, the provision of the process of revising the guidelines and its concrete 
example helps system designers to adjust the guidelines to changing situations 
over time.

The guidelines and checklist have a characteristic of comprehensiveness, 
resulting from using the model of sustainability. This model contains mutual help 
and self-realization, in addition to usual considerations, such as health, safety, and 
environmental preservation. As a result, the latest revision of the guidelines has led 
to include considerations for communication among residents, as well as working 
and learning at home.

Utilizing the “control system for promoting sustainable housing design” and 
the “model of sustainability,” this study has illustrated the “process of producing 
and revising the design guidelines and checklist.” These schematizations form a 
comprehensive strategy for promoting sustainable housing design. This compre-
hensive housing strategy is expected to be used to maximize people’s well-being and 
minimize the environmental load.
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in Turin and Zoia social housing in Milan combine housing with other socially 
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1. Introduction

More and more, the image, economic logics and functions of contemporary 
cities reflect today’s globalised society. In recent decades, however, urban designers 
have often produced architectural forms that are standardised and unresponsive to 
their context [1]. This self-referential type of architecture enjoyed success in that it 
met the demands of spectacularization and market logics, but it also contributed to 
undermining other fundamental aspects such as the representative character of a 
local place, community or era.
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In opposition to these trends stands the concept of social architecture as a means 
of engaging with global phenomena, a discipline that takes cultural and social 
issues into account and is more in touch with the changes in economic and social 
structures and environmental problems characterising the twenty-first century. 
Architecture understood as a ‘collective endeavour’ entails a significant participa-
tory component and a project of this kind must enjoy the involvement of all its 
stakeholders if it is to be implemented effectively and give rise to a democratic 
space.

Today we have an evermore urgent need for the kind of tireless ethical, political 
and social commitment on the part of those dealing with the city and its spaces that 
authors such as De Carlo [2] suggested in the past.

Architects, urban planners and scholars from all over the world support the idea, 
as Aravena1 suggested, of “an architecture” that brings about concrete improve-
ments in the lives of its various users.

Planning, innovation and new models of governance, together with a more 
mindful use of natural resources, are harnessed to the task of providing concrete 
solutions to people’s needs. This approach to urban planning linked to the concept 
of regeneration involves a variety of different professionals, interests and aspira-
tions and the best place to observe it at work is the arena of housing policy.

While the issue of housing represents a priority by virtue of the importance 
a home holds in a person’s life, well-being and identity, at the same time this area 
is currently undergoing a serious crisis, particularly in Italy. In response to new 
demographic and social scenarios, the housing issue must be revisited from the 
standpoint of political choices and concrete responses at the local level even while 
taking into account a global context that brings its own effects and impacts [3].

In this context, social housing represents a heterogeneous set of measures both 
public and private, involving the state as well as the market, measures that con-
sider spatial aspects in terms of their social implications and develop a variety of 
responses to different needs.

Social housing includes and supplements different areas: urban planning as 
well as architectural, economic-financial and social spheres. As a set of innovative 
policies for housing people, examples of social housing test out new solutions for 
contemporary living, paying particular attention to social, economic and environ-
mental aspects.

The usual types of buildings we are accustomed to constructing do not always 
meet the housing needs of today’s multifaceted society. As a result, practices of self-
construction, forms of shared living, social condominiums and temporary housing 
are becoming more and more common in contemporary cities.

The new, widespread demand for housing pushes us to move beyond traditional 
patterns and find alternative solutions. And there is an increasingly wide and 
diversified public expressing this demand, from young people and non-resident 
students and workers to single-parent families, elderly people and migrants. 
Recently, in addition to the need for more housing, public administrations have 
also enlarged their urban public agendas to include measures for fostering social 
innovation and the ecological sustainability of buildings. In particular, the growing 
awareness regarding environmental issues in this area has led policymakers to adopt 
policies, methods and tools that focus specifically on natural and cultural habitats. 
There is a growing demand for spatial initiatives aimed at improving usability and 

1 Chilean architect Alejandro Aravena was the artistic director of the 15th Venice Architecture Biennale. 
His commitment in the field of social housing allowed him to win the 2016 Pritzker Prize and his designs 
are particularly focused on publicly-oriented projects with a strong social impact, committed to combin-
ing the needs of less privileged users with a focus on sustainability.
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accessibility as well as making use of new materials. To apply the theme of sustain-
ability to housing requires a set of actions that bring together spatial aspects, the 
social sphere, attention to resources and the overall quality of living spaces. When 
successful, these innovative solutions are characterised by a high degree of social 
engagement and give rise to virtuous practices of cooperation and sharing.

One example of this trend is the growth of non-profit organisations such as 
Architects Without Borders (AWB) operating in the countries of the Global South. 
Specifically, AWB aims to use architectural tools in the service of international 
cooperation. As Camillo Magni [4] notes, ‘since 1998 they aim to facilitate processes 
of equitable and sustainable development through actions in the field of socially 
responsive design. They pay special attention to the investigation and spreading of 
appropriate and appropriable building technologies, as tools that can enable com-
munity participation and contribute to the emancipation of people in the produc-
tion of their own habitat’ [4]. We are seeing more and more projects designed to 
offer new opportunities to underprivileged people and designed to effectively face 
any critical issues that might arise while paying attention to energy consumption 
and environmental, economic and social sustainability.

In light of these considerations, in this chapter, we critically examine the 
approach and solutions developed by social housing to sustainably respond to the 
housing emergency plaguing contemporary cities and Italian cities in particular. In 
a broader perspective, we also explore how housing has become ‘difficult’ in Europe 
and the poorest segments of the population run the risk of having their right to 
housing dramatically denied.

Analysing housing in terms of its procedural dimension, we focus on two Italian 
case studies that evoke a new way of inhabiting the city, cases in which social housing 
is characterised by high standards and yet remains accessible to all. The Sharing hotel 
residence in Turin and Zoia social housing in Milan combine housing with other socially 
innovative measures in a framework of sustainability and avant-garde construction. 
These are significant examples that speak to issues such as temporariness, flexibility and 
the coordination of measures. The first project was developed to meet a temporary spike 
in housing demand on the part of vulnerable households; the second project aimed to 
build a liminal district in a site that has only recently been incorporated into the urban 
fabric of Milan. Both these two cases pursued objectives having to do with social, plan-
ning, architectural and environmental quality, albeit each in their own way.

There are by now numerous examples of social housing in Europe and these 
have recently attracted growing interest in Italy as well; in this country, however, 
such projects represent valid instances of experimentation but are not at all wide-
spread. Nevertheless, the various disciplines dealing with this issue, as well as the 
current housing policy, clearly need to change the way they view this issue.

The recent debate on new social architecture proposes that we adopt a ‘with 
people in mind’ approach. Given their ethical and political engagement, the disci-
plines involved in this project prompt us to think about possible future directions. 
At the beginning of this century, De Carlo [2] suggested that we try turning the 
telescope the other way round, that is to say, modifying our customary way of read-
ing the city. Indeed, housing and its policies require different lenses and, above all, 
the search for new focal points.

Considering housing policies from a sociological perspective, the focus was on 
the notion of social sustainability.

The content is divided in two parts. The first part of this study aimed at framing 
housing emergency and on the housing state-of-the-art in Europe where in the last 
20 years a series of interesting measures were implemented. The primary objective 
of these programmes was to combine urban development with sustainable methods 
and approaches.
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Building on these considerations, in the second part, this chapter analysed 
two cases of innovative housing projects in Italy, specifically the case studies of 
Milan and Turin, as a good practice of mixed policies: urban, socio-economic 
and environmental. In the conclusions, we evaluated factors that promoted 
these virtuous practices and the possibility to transfer these models in other 
contexts.

2. The housing state-of-the-art in Europe

Housing has become a strategic element of the welfare policies of many 
European countries as in recent years they have implemented a series of interest-
ing measures in the effort to combine the issues of urban growth and residency 
policies with the objectives of sustainability. These programmes represent an 
initial response to the significant challenges of the present and coming decades, 
to the need to take suitable actions to both renovate existing buildings and build 
new ones. Many European countries, albeit with very different timeframes, 
instruments and outcomes, are dealing with a growing demand for housing. The 
housing situation has different characteristics depending on national contexts 
and local specificities, but we can nonetheless identify some common elements 
characterising the current housing challenge. For example, demand is highly 
differentiated, there is a close relationship between housing problems and the 
socio-economic context, and public spending in the sector is generally decreas-
ing even while the role of the public sector is being gradually redefined, resulting 
in shifts in the forms and methods through which housing policies are imple-
mented [5, 6].

The State of Housing in the EU 2017, the landmark biennial overview of 
Europe’s Housing sector produced by the Housing Europe Observatory capitalist 
stresses the fact that housing has become ‘difficult’ for European citizens and 
the poorest segments of the population run the risk of being dramatically cut off 
from the possibility of finding a home. The report clearly shows that the chal-
lenge facing the housing construction sector has reached emergency proportions, 
especially in recent years. Housing is Europeans’ highest expenditure. According 
to the 2018 Eurostat Report, ‘some 11.1 % of the EU-28 population spent 40% 
or more of their household disposable income on housing’. Two years after the 
previous edition of the State of Housing Report, housing markets across the EU 
have begun to accelerate once again. The alarming fact is that, in most countries, 
house prices are rising faster than people’s income. There is a direct link between 
growing global inequality and housing. The report also shows that the income 
gap between tenants and landlords is widening in a number of countries and 
that young people and migrants seeking to enter the housing market face ever-
growing barriers. The gap between local areas is also dramatic in that finding 
suitable and affordable housing in places with good job opportunities is becom-
ing increasingly difficult. In particular, large cities are facing structural housing 
shortages exacerbated by recent waves of migration. The political class has 
offered only limited responses and the housing problem will continue to repre-
sent a key challenge in the coming years [7].

As far as the Italian context is concerned, housing policies have always played a 
marginal role. In recent decades, first, the real estate speculation and, then, the eco-
nomic crisis have contributed to the resurgence of housing problems, now affecting 
increasingly large swathes of the population. This critical situation, especially 
evident in large European urban areas, is caused by factors such as the high percent-
age of owner-occupied houses in the Mediterranean countries, in particular, the 
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scarcity of social housing, and the diminution of available housing resources.2 In 
Italy, the percentage of people living in houses they own (71.9%) still overshadows 
the percentage of those renting (14.8%) and 9.6% do not pay rent on the properties 
where they live. Only 3.7% pay reduced rental rates, of which 75% live in publicly 
owned housing. There are 7 million unoccupied houses or second homes (ibid). 
Contemporary transformations are causing a process of social segmentation and 
fragmentation centred evermore frequently on the family and also extending to 
housing. The traditional household comprising a mononuclear modal family is 
now accompanied by other forms: singles, the elderly, young couples, immigrants 
and students, all individuals who have different needs and desires. Moreover, some 
demographic processes, such as increasing immigration and the ageing of the popu-
lation in particular, also exert new forms of pressure on the demand for housing. 
Housing shortages are now a growing trend: the continuous increase in property 
prices—and, to an even greater extent, actual rental rates—has not been matched 
by an equally significant increase in real incomes. At the same time, public admin-
istrations in many countries have become less and less involved, putting increasing 
trust in market forces to meet the housing demand. The current economic recession 
has further exacerbated the housing issue, making it even more critical for public 
and private institutions and non-profit entities jointly to intervene [8]. In this 
context, however, it is the ‘grey segment’ of the population that attracts the most: 
those who do not belong to the poorest sections of the population and yet are unable 
to access the housing market. By favouring these intermediate sectors of housing 
demand, housing policies and social housing in particular neglect the needs of the 
poorest individuals or subjects who are experiencing housing marginalization [9].

Moreover, despite the benefits that housing practices may generate for some 
segments of the population, they also lead to more negative outcomes. A highly 
evident example of this is the stigma associated with the areas that have hosted the 
most social housing buildings in recent decades—areas lacking adequate economic 
and social infrastructure, spaces for socialising, afflicted by widespread urban 
blight stemming from obsolete structures—and related problems of alienation, 
segregation and vandalism. In view of past achievements and new economic and 
social dynamics, it is clear that social housing measures must be integrated into a 
broader set of public policies. Another perverse effect of these policies is that they 
tend to downsize the role of public agencies, reducing them to mere facilitators: 
when policies seek to valorise the role of private actors, they create the regulatory 
and economic conditions for the private sphere to consolidate its position. These 
aspects hamber the right to a dignified dwelling on the part of families that do not 
have a house and/or that risk eviction or are living in conditions of degradation 
[10]. In Italy, the current housing emergency calls for solutions that combat poverty 
and promote support strategies at the local level [8]. In this field, architecture is 
considered a social tool for innovation and sustainability. Indeed, we believe that 
architecture, art and the social sciences can contribute a great deal to exploring 
new strategies, improving quality of life and engaging communities in connecting 
people and institutions. The case studies presented here are intended to demon-
strate how scientific knowledge, art and technology can influence social issues in 
the arena of housing projects. Considering architecture not only as a spatial concept 
but also a social one, we can focus on the way we relate to the society around us and 

2 The housing situation in Europe displays varied characteristics: while in Italy and Spain owner-
occupied housing prevails over rented housing, in Germany the market is mainly based on rentals 
(57% of housing is rentals). As far as the development of social housing is concerned, Germany and the 
Netherlands lead the ranking with more than 30% of housing managed through social leases. In Italy and 
Spain, the situation is very different, with 4% and 1% of total social rental housing, respectively.
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2 The housing situation in Europe displays varied characteristics: while in Italy and Spain owner-
occupied housing prevails over rented housing, in Germany the market is mainly based on rentals 
(57% of housing is rentals). As far as the development of social housing is concerned, Germany and the 
Netherlands lead the ranking with more than 30% of housing managed through social leases. In Italy and 
Spain, the situation is very different, with 4% and 1% of total social rental housing, respectively.
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find ways to create links with the landscape and human relations. As Haiek [11] sug-
gests, ‘problematics of contemporary cities do not lie in what is technically possible, 
but in what is socio-culturally desired’.

As these case studies seek to show, it is more important now than ever to expand 
the role of social housing and put programmes, including experimental ones, in 
place; to support the move in this direction, it makes sense to assess and compare 
different initiatives at the European level, fostering an exchange of expertise and 
know-how among countries.

3.  Social innovation and environmental sustainability in social housing 
policy

Today, the housing demand takes shape in a context made problematic by the 
need to invent different approaches to design, alternatives to the usual schemes, 
approaches that might lead us to develop alternative solutions. What is needed are 
measures acting on space aimed at improving the usability and accessibility of built 
environments, encouraging energy saving and facilitating their management and, 
above all, solutions that foster socialisation practices in part by redefining living 
spaces. The demand for housing involves both material and immaterial relations 
with the other elements of the urban system. It is a demand for infrastructure and 
services but also for less hasty processes that involve policy recipients through 
collaboration and sharing. Recent housing policies focus on housing quality, a broad 
term comprising a wide range of issues ‘not only to the dwelling itself but also to 
the broader surrounding residential area in which people live’ [12]. These plan-
ning projects combine quantitative and qualitative aspects to develop satisfactory 
responses to a demand that is increasing in both size and complexity. The specific 
objectives vary in different countries: recovering real estate stock, regenerating 
local areas, energy savings, and social cohesion and participation—in part because 
integration is the basic principle of housing.3 One of the most innovative features 
that deserve to be highlighted is the fact that social housing seeks to address not so 
much or not only the need for housing as the need for living, in the broad sense, as a 
field that includes social relations, services and the quality of the urban landscape.

In recent years, the need to combine housing policies with the concerns of 
urban growth and objectives of environmental, economic and social sustainability 
has given rise to a series of interesting social housing programmes located mainly 
in northern and central European countries. These diverse practices all have in 
common the attempt to meet specific basic requirements such as the morphological 
and spatial quality of buildings, energy savings, cost containment, experimentation 
with technological innovation and other elements that are crucial to a good quality 
of life. Moreover, that is not all. As some of these good practices show, an environ-
mental focus not only promotes ecologically oriented lifestyles, it also brings with 
it an idea of social cohesion and aids in transcending the logic of exclusion that 
created ghetto neighbourhoods and widespread urban blight in the suburbs of the 
past. Housing policies should meet the needs (geographic, economic opportunities, 
materials, construction processes and cultural context) of a specific community or 
place. The sum of these aspects is synthetically expressed in the term social innova-
tion, a concept that has been interpreted in varying ways. The concept of social 
innovation is essential in light of the widespread recognition that the state, market 
and often civil society organisations as well prove inadequate to deal effectively 
with social problems.

3 Irer final report, Creation of study paths aimed at evolving residential policies and social housing.
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In her 2013 study, Czischke examines different definitions of social innovation. 
The Young 2010 Foundation/Social Innovation eXchange and BEPA definition, for 
example, highlights the fact that such innovation seeks to respond to social prob-
lems through: ‘new ideas (products, services and models) that simultaneously meet 
social needs (more effectively than alternatives) and create new social relationships 
or collaborations. While “innovation” refers to the capacity to create and implement 
novel ideas that are proven to deliver value, “social” refers to the kind of value that 
innovation is expected to deliver: a value that is less concerned with profit and more 
with issues such as quality of life, solidarity and well-being. Social innovations are 
innovations that are social in both their ends and their means’.

The concept of social innovation in housing policies refers, for example, to the 
role and actions of the organisations tasked with providing and managing housing. 
They intervene in areas in which institutions, the market and civil society have 
shown themselves lacking, such as housing, environmental sustainability (e.g., the 
improvement of energy efficiency and practices of reuse), inclusion at the neigh-
bourhood level, training and labour market inclusion for tenants, and self-help 
housing initiatives. The spread of the idea of social innovation has also elicited criti-
cism from those who consider this idea nothing more than a superficial label or an 
attempt to obtain more funding [13]. The hope is, however, that social innovation 
entails a paradigm shift and promotes real empowerment for people. Furthermore, 
the idea of sustainable housing implies providing affordable housing: this concept 
includes solutions that help residents improve their quality of life and make their 
sense of community stronger. The concept of sustainability applied to housing poli-
cies implies three levels of action, focused on the environmental sphere, the social 
sphere and sustainability.4

Some social housing projects focus on achieving the ultimate objective of more 
sustainable development. These measures allow us to consider how such projects 
inspired by the theoretical principles described here can be implemented and how, 
at the same time, these projects of implementation might reveal a shift of perspec-
tive and method both in terms of conceiving new projects and throughout the 
process of carrying them out, from theory to practice and vice versa.

The project by Aravena that in 2003 was able to create houses for 100 disad-
vantaged families in Inique, a city in northern Chile is particularly innovative 
interesting. The architect used funding from a public programme, but the budget 
was only sufficient to purchase the land. In line with his approach, the solution he 
developed was the simplest one. The accommodations handed over to residents 
consisted of a series of semi-built houses that they could easily complete on their 
own. The project, carried out by Elemental Studio, was inspired by this principle of 
creating the essential elements, whatever the residents were not able to design and 
build on their own in keeping with high-quality standards, namely the load-bearing 
structure, roof, utility systems and restrooms with running water. Everything 
else? This, called the ‘good half house’ is an unbuilt space that can later be filled 
according to the resident’s individual possibilities, needs and taste. In this case, 
the idea of ‘elemental’ is joined by the idea of ‘incremental’. Guaranteeing only a 
percentage of the building in order to grant freedom and autonomy to its future 
residents is an economically strategic solution that also has a highly ecological logic 

4 The house is designed to reduce gas emissions, save water natural resources and reduce waste during 
the house’s lifetime; “Social sustainability: the house is designed to prevent injuries through built-in 
safety features. 3. Economic sustainability: the house is designed to save money during construction 
and over the lifetime of the house. The project design is focused on bringing those aspects together. 
Reuse and flexibility are so important, the aspect of sustainability played a key role in the design”. http://
www1.indstate.edu/facilities/sustainability/
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and social aims. The flexibility and reversibility of a structure is key to ensuring its 
sustainability, but also important for respecting individuals and their specificities. 
The structures in Inique were built after consulting with the people who would be 
living in them [14]. These practices of social architecture involve the community 
in implementing the design in order to ensure higher chances of success, creating a 
sense of ownership, social cohesion, and later even attention to the tasks of building 
maintenance.

This design is simple and low cost, but not easily feasible in every context. 
Nonetheless, the principles inspiring this project are valid and reproducible. 
Aravena’s social housing thus represents a tool for including more underprivileged 
segments of the population in the credit system by offering access to bank loans. 
This project enjoyed a high degree of approval but has also attracted criticism: 
according to some concerned observers, these methods have the potential to turn 
social housing into a means of creating debt and thereby reproducing capitalist 
relations [15]. In Chile, however, the project proved successful.

Residential policies, and social housing in particular, seem to gravitate around 
the central idea of creating democratic tools to redistribute services and opportu-
nities but also enlarging the scope of urban quality for collective well-being. From 
‘housing policies’, therefore, the focus shifts to ‘living policies’. The principles of 
interaction, collaboration, and the participation of future residents are fundamen-
tal for these policies along with the possibility of developing shared designs. As 
we will show here below, this idea of ‘reversing’ perspective to place people at the 
centre of the process rather than simply framing them as the end users of build-
ings or the beneficiaries of profit-oriented policies can also be seen in our selected 
case studies in Turin and Milan, analysed here in the light of the specificity of the 
Italian context.

4. Material and methods

The central aim of this study was to examine to what extent social innovation 
and environmental sustainability can coexist in social housing policies.

For this reason, the chapter critically investigated approaches and solutions 
developed by social housing as a response to the housing emergency in contempo-
rary European and Italian cities. Besides meeting house needs, housing policies are 
expected to promote interaction, social cohesion, cooperation, civic engagement 
and economic development.

Social housing is generally considered as a promising model for urban develop-
ment, and most empirical case studies in Europe demonstrate the potential to create 
active and diverse communities, promoting and maintaining sustainable living 
environments.

Building on these considerations, we analysed two cases of innovative housing 
projects in Italy, specifically the case studies of Milan and Turin, as a good practice 
of mixed policies: urban, social economic and environmental.

The Sharing hotel in Turin is the first temporary social housing initiative; the 
Zoia is an example of social and cooperative housing in Milan.

May these projects represent an opportunity for housing demands, giving at the 
same time responses both to people needs and aspiration for a better quality of life?

To answer this research question, we adopted a historical narrative perspective 
Taylor and Ramsey [35], due to catching the evolution of the phenomenon and its 
links to urban and socio-economic aspects. The narrative perspective was devel-
oped in the case studies, emblematic in terms of actors, spaces and organisation’s 
mission.
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The analysis of these experiences in Milan and Turin aimed to observe how 
the different dimension of sustainability (economic, social and environmental) 
and affordability that characterise the concept and the practices of social housing 
promote innovative and successful housing solutions. The starting point of our 
study is that ‘sustainability is first about the people, how they make choices and the 
consequences of their choices’ [16].

King [36] affirms that people play a central role in creating environments and 
institutions that support human well-being and encourage collaboration. Since 
well-being depends on economic, cultural, social, political and environmental 
aspects, an interdisciplinary vision is required to address the human dimension of 
sustainability [17].

For Jaberdeen [37], urban form (the physical structure of the city) is the result 
of different patterns (transports, water, global climate etc.) that are interconnected. 
They can influence social interaction and human behaviour.

A central issue of this study is the idea of social sustainability, related to 
economic activity, social relationships and ecological impact [18]. The concept 
is connected with three fundamental ideas: social exclusion, social capital and 
governance; they play a central role in creating sustainable communities.

As Colantonio [19] highlights, the term social sustainability has three different 
and interrelated components: normative (a long-term vision), strategic (a wide 
range of activities) and descriptive (what is). According to many authors, social 
sustainability lies in the intersection and implies policy interaction of environmen-
tal, social and economic issues and a long-term perspective [18]. These different 
aspects influence urban policies: participation, justice, democracy, social cohesion 
become imperative.

How can this imperative be applied to different contexts and how can they be 
included in housing policies?

These categories are listed in the ‘Egan Wheel’ [20], which can be adapted to 
evaluate housing policies.

We adopted and modified Egan wheel and Manzi’s (et al.) adapted scheme 
to evaluate to what extent the selected projects of social housing in Italy 

Social structures Spatial structures

Promoting well-being and 
liveability

Provision of common open spaces

Supporting resident participation Provision of shared spaces, playgrounds, community gardens, 
squares

Encouraging social cohesion and 
interaction

Provision of quality public and open spaces to promote events, 
meetings, markets

Integrating services Provision of efficient transportation, car sharing, bikes service, 
services that respond to the communities’ demand

Facilitating partnerships Provision of mixed-use spaces to encourage the creation of local 
business, job opportunities

Ensuring safety, security Provision of accessible and safe public areas

Promoting access to 
communication

Offering access to digital communication networks

Providing the condition for 
opportunities for all

Promoting shared and individual spaces that can be transformed into 
places

Sources: adapted from [20] by the authors.

Table 1. 
Indicators for evaluating housing policies.
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may promote through the interaction of social and spatial structures social 
sustainability.

For this reason, we employed and compared a set of eight indicators, using the 
Egan wheel scale to construct a conceptual framework. Our aim was to verify if the 
selected case studies could represent valid models to be transferred in other con-
texts. Table 1 summarizes the identified indicators:

The conceptual framework used for our analysis took into consideration both 
social and spatial structures of these social housing experiences. We considered 
these dimensions as elements that define the context, as well as devices for fram-
ing and characterising the case studies. For this reason, our analysis was based on 
secondary data from different sources such as The State of Housing in the EU 2017, 
the biennial compass of Europe’s Housing, The Egan Review, and official documents 
(plans, projects, photos etc.), ad hoc analyses and studies developed in Milan and 
Turin concerning innovative housing programmes.

Based on this material, we compared the selected case studies, giving a descrip-
tion of our results, highlighting reflections that are relevant to the topic under 
investigation.

Meeting the basic demands, offering a wide range of services, encouraging 
social cohesion and interaction seem to be the main goals of a valid social housing 
project.

5. Two case studies in Italy

As many classic authors of literature on the city [21, 22] have noted, urban 
agendas and the mainstream scientific-cultural sphere developed a pressing need to 
combine development and inclusion in order to curb the riots breaking out in North 
American cities in the 1980s and in Europe, particularly France, in the 2000s.

These instances of social upheavals were caused by deepening inequalities in 
economic and living conditions, inequality that was assuming an increasingly 
ethnic shape and was spatially delimited to certain disadvantaged areas.

While these moments of crisis produced a great proliferation of studies on the 
relationship between cities and immigration, some scholars have also focused on 
the need to strengthen the potential of existing urban spaces [23] in economic, 
social and environmental terms. These studies focus on the city’s cultural sphere by 
consolidating material and immaterial capital, thanks in part to the role of ‘creative’ 
innovators who promoted quality development in the city, part of cognitive and 
professional networks that are local but globally integrated (such as in Florida, for 
instance).

The focus was on these two poles: on the one hand, social stability/cohesion in 
deprived or highly segregated areas but without considering an urban narrative of 
inclusion and development; on the other hand, the potential to innovate and posi-
tion projects within qualified networks focused on innovation and creativity. In the 
European context, regeneration and renewal programmes have been put in place 
to change vulnerable areas by transforming them into points of strength within 
existing cities. These measures draw much of their justification and meaning from 
an approach focused on integrating spatial/environmental, economic and social 
cohesion aspects.

Beginning in the 1990s, these approaches and analyses have been central in a 
number of capitalist, urban Western contexts and have represented one of the most 
important and innovative lines of investment in urban areas, giving rise to a rich 
and complex frame of reference for studies on the city. These analyses considered 
spheres which deploy along three axes: horizontal, vertical and transversal.
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The horizontal axis is summarised quite effectively by Donzelot [24], who dis-
tinguishes between policies aimed at the local area (place) and those for residents 
(people). The vertical axis, on the other hand, seeks to understand the matrix of 
programmes and projects, whether they are managed from above (i.e. by institu-
tions, administrators), called top-down, or developed from below and subsequently 
institutionalised through the reverse process, called bottom-up. The transversal 
axis, which intersects all the points of convergence of the previous axes, focuses 
instead on governmental instruments and devices (i.e. agreements, participation) 
and the arena of the actors involved (public, private and mixed).

In recent years, there have been instances of innovation in all three axes thanks 
to a higher degree of hybridization between policies related to place and those 
focused on people; a widening in the scope of actors involved in regeneration 
projects—public, private and from the third sector—and a broader range of instru-
ments and institutional devices through which these partnerships develop. Two 
significant cases of this trend in the Italian landscape are the Sharing Hotel in Turin 
and the Zoia district in Milan.

These two cases have a common matrix: they are both based on broad public-
private partnerships led by the local administrations. In the second half of the 2000s, 
these local governments issued calls for tenders focused on dilapidated state-owned 
spaces that could be regenerated through projects that would bring these blighted 
spaces back into the urban fabric. The sites were a former industrial area on the 
outskirts of Turin and a former agricultural area incorporated into the Milan metro-
politan area as the city expanded over time. Both of these sites were characterised by 
a state of ‘abandonment’ and left to sit on the economic and social margins. The idea 
of redevelopment underlying both projects seeks to respond to increasingly diverse 
housing needs, not only among vulnerable subjects but also among those with ‘grey’ 
profiles. These are individuals who find themselves suddenly vulnerable as their fam-
ily situations become more fragile or their employment prospects become uncertain.

These two projects are mainly aimed at developing housing systems that com-
bine residency with associational and neighbourhood life, guaranteeing access to 
urban opportunities even in areas that were previously blighted or disconnected 
from the city. Each of the projects also aims to achieve a specific objective: in the 
case of Turin, offering a temporary lease, given that this particular social need still 
goes unmet by the available housing supply. In the case of Milan, creating a neigh-
bourhood for family-type settlement that would be accessible to residents who find 
themselves expelled from the extremely expensive housing market in more central 
areas of the city.

The selected case studies reveal analogies in methods and regeneration pro-
grammes, as Table 2 shows.

The common objective of the two projects is to combine housing capable of 
responding more effectively to the changing needs and conditions of individuals 
and families with an environment rich in community opportunities, promoting 
cultural and economic activities in order to increase social capital. At the same 

Structural dimension of 
urban regeneration

Milan case (regeneration of a 
marginal area)

Turin case (urban reuse 
strategy in the urban core)

Horizontal axis Mixed ‘place’ and ‘people’ policies

Vertical axis Top-down programmes

Transversal axis Partnership: public-private and third sector

Table 2. 
Main axis of regeneration programme, strong homogeneity between the selected case studies.
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time, it focuses the design’s architectural canons on environmental and sustainable 
aspects in an effort to increase residents’ awareness about environmentally ‘virtu-
ous’ behaviours such as recycling, reuse and rational energy consumption.

5.1 The Turin Case

The Turin-based project ‘Sharing Torino’ involved founding a specific company, 
SHARING s.r.l., set up by a social cooperative called DOC. The component of this 
project consisting of apartments for the grey segment of society—students, young 
couples, precarious workers and mid-term commuters who are currently unable 
to access the ‘normal rental market’—promises high social impact. The initiative 
originated from a public appeal by the City of Turin, which issued a call for tenders 
focused on the design and management of the city’s first Social Hotel. Sharing 
Torino thus collaborates with the Turin municipal administration to host families 
experiencing emergency housing conditions and with other public and private bod-
ies to implement projects of solidarity at the international level as well.

The hotel consists of two large, 9-storey-tall buildings, offering 58 rooms to be 
used as 3-star hotel rooms and 122 fully furnished residential units with induction 
cooktops and free Wi-Fi. The utilities are controlled through a home automation 
system. The rates and terms are different according to the length of time residents 
stay there, making it possible to offer housing at contained costs and thereby 
concretely contributing to solving the city’s housing emergency and needs.

The facility also offers an intense social and cultural programme carried out in 
collaboration with the neighbourhood and local associations, intended to be used 
both by those staying in the hotel and residents of the neighbourhood that hosts the 
project. The 10,000-square-metre building, a former post office, was transformed 
into a residence for temporary social housing; after a year and a half of renovation 
work, today its exterior features a colourful façade reminiscent of a Mondrian 
painting.

Thanks to highly flexible commercial options, Sharing is able to meet the most 
diverse of housing demands. Residents can stay in a room or apartment for periods 
ranging from 1 day to a full year—although this maximum limit is only possible 
for those with special needs. There is the Housing Formula, offering rooms with 
kitchen for stays of at least 12 months; the Campus Formula, developed for not only 
students but also young professionals and researchers, for stays of at least 6 months; 
the Residence Formula, for stays of more than 14 nights; and the Hotel Formula, 
for shorter periods. A furnished studio apartment costs 190 euros per month; for a 
larger apartment, individuals can spend up to a maximum of 459 euros.

Finally, there are also rent-control options for those who meet certain require-
ments: people with an income lower than 12,000 euros per year, people with an 
income lower than 20,000 euros if disabled, separated with dependent children, 
or legal immigrants, people over 65, students, people participating in government 
assistance programmes for the relatives of individuals hospitalised in hospitals 
belonging to the national health system, and people participating in social care 
programmes. As a matter of fact, this project is also aimed at providing a testing 
ground for those looking to experience autonomous living before approaching the 
private market. For the City of Turin, it represents a cost-free solution to the hous-
ing emergency: thanks to a memorandum of understanding signed with the city 
involving 25 apartments set aside for the city to allocate; in the first year the facility 
hosted 319 people suffering from emergency housing conditions. However, it is not 
only the most vulnerable individuals who turn to the facility. The composition of 
the Sharing population is quite heterogeneous, including students (60%), non-
resident workers (16%), young couples (6.6%) and tourists. This case attests to the 
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growing scope of that grey area of housing seekers who, although not experiencing 
emergency housing conditions, face serious difficulties in finding places that meet 
their needs on the regular market, in this case, mainly due to the temporary nature 
of the accommodation.

5.2 The Milan case

Zoia is a district on the outskirts of Milan, located in a former rural village that 
ended up being absorbed by the Milan urban area a few decades ago. It is connected 
to the city centre by a historic metro stop, Bisceglie, and a brand new one, San Siro; 
Trenno Park and Cave Park mark the border between this neighbourhood and the 
countryside adjacent to Sud Park. The neighbourhood itself grew out of some of 
isolated fragments of late modernist cities that became areas of social hardship and 
precariousness.

In 2008, the Municipality of Milan put eight of its property areas, granted under 
surface rights, out to tender with the aim of fostering the construction of social 
housing. The lots subjected to tender were granted 90-year surface rights for the 
purpose of constructing residential buildings to be rented at reduced, moderate 
or fixed-maximum rates and/or with use rights, with prefixed sale prices. Unlike 
the previous call issues by the City of Milan in 2005, ‘Abitare Milano, Nuovi spazi 
urbani per l’edilizia sociale’ (Living Milan, New urban spaces for social housing) 
addressed to architects, this call involving eight lots targeted actors specific to this 
sector, such as cooperatives and companies with internal teams of designers or 
technical experts.

Two cooperatives were awarded the lot in Via F.lli Zoia, one called CCL Solidarnosc 
and another called Edificatrice Ferruccio Degradi. The project resulted in the con-
struction of 3 buildings—2 for sale and the third to be rented at reduced and fixed-
maximum; of 95 apartments, 44 are for rent and 16 of these are for public housing.

In addition, the cooperatives were able to access regional funding from Servizi 
abitativi a canone convenzionato (SACC—housing services at fixed-maximum 
rates) for the rent-controlled apartments, thus capping rent at 79 €/sqm per year, 
including parking, while the public housing apartments are co-funded by the 
region through a framework agreement between the Municipality of Milan and the 
Lombardy Region. The average rent for these apartments is about 15 €/sqm per year.

The complex also includes ‘creative’ offices or workshop spaces and, thanks to 
a public competition held by the social coop Noicoop, the cooperatives assigned 
these spaces to a luthier, a group of set designers, an art gallery and two architects, 
who were committed to organising a series of activities for the inhabitants. The 
rental area also includes a space for professional start-ups: about 200 square metres 
allocated at a moderate cost to workshops/laboratories for young creative profes-
sionals and craftspeople promoting activities with a positive social impact on the 
neighbourhood. The complex looks out onto a private courtyard for public use as 
well as a public square.

The fact that the complex includes housing for both sale and rent ensures the 
creation of a social mix, a result which was the primary objective of the call. In this 
case, social housing is sustainable thanks to the low cost of the lots released by the 
public administration and, in particular, the fact that the area set aside for rentals 
only cost 1 euro; the project is also made possible by funding from the Lombardy 
Region dedicated specifically to social housing.

Large companies, real estate investors and public entities are not the only actors 
involved in transforming the city; in this case, the cooperative sector was included 
among the set of actors playing a leading role. Residents’ cooperatives have been 
active in this area for decades: they built substantial components of our cities and 
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continue to do so through a new business model that positions the people, coopera-
tive members, at the beginning and end of the production chain; these members are 
both financiers and recipients of the construction project. The specific cooperatives 
behind ZOIA have historically represented models, belonging to two parallel worlds 
but now collaborating directly.

The first type is that of ‘undivided ownership’, as exemplified by 
FerruccioDegradi, a model that stems from historical workers’ mutual aid societies 
as channelled, in Italy, through Legacoop. In this case, the cooperatives are the own-
ers of the properties, while the apartments are given to cooperative members at very 
low, advantageous rates. In general, this type of cooperative also deals with property 
management and, as an operational and asset guarantee often sets up systems in 
which the members themselves pool their savings in the form of ‘risparmi sociali’ or 
social savings schemes.

The second type is ‘divided ownership’, as in the case of the Solidarnosc coopera-
tive, an offshoot of the organisation Consorzio Cooperative Lavoratori or Workers’ 
cooperative consortium. This organisation also has its roots in labour organising 
and mutual aid but specifically in a Catholic framework and belongs to the umbrella 
organisation Confcooperative. In this case, the members become the owners of the 
apartments after having followed the entire planning process, which often lasts 
many years. Both of these cooperatives share a spirit of mutual aid, and place people 
and their well-being at the centre of the planning process. Members, who need a 
home, come into an existing cooperative or establish a new one and entrust their 
savings to it, thus enabling the implementation of the project. Once construction 
is completed, the apartments are allocated at prices much lower than the market 
average because they reflect the real distribution of costs, with no overhead. The 
cooperatives are committed to offering the inhabitants services and opportunities 
for socialising by setting up a common hall and shared laundries on the top floor of 
the rental building, organising social and community events and supporting micro-
entrepreneurship through the collaborative workspaces overlooking the central 
courtyard.

5.3 Social and sustainable housing: comparing two logics in Milan and Turin

The comparison between these projects puts in evidence some differences 
regarding their logics of action, as Table 3 summarizes.

Logics of action Milan Turin

Main targets Lower middle class, expelled by the high-
priced market of the city core who share the 
value of living in an affordable middle-class 
neighbourhood

Grey zones of individuals 
(mainly professionals) in need 
for temporary housing solutions

Social innovation Focused on economic dimension, in 
particular the sharing or collaborative ones 
(co-working and fablabs)

Focused on social cohesion, 
fostering common spaces and 
collective practices inside the 
building

Environmental 
sustainability

An environmentally low-impact 
neighbourhood designed and built using 
sustainable materials and technology

Reuse strategy using eco-
sustainable solutions; high energy 
efficiency, low environmental 
impact

Sources: author’s elaboration.

Table 3. 
Logics of action pervading social housing policies.
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These differences in the logics of actions affected the definition of goals in 
the two case studies. Adopting a selection of the items identified by Egan [20], 
we distinguished different design strategies implemented in the two contexts, as 
synthesised in Table 4.

Our analysis showed the local contexts influenced and led the way that social 
housing is defined. Even in programmes that have a similar structure (as Table 1 has 
shown), policies are adopted in an arena of multiple actors with various perceptions 
that defined different design strategies to achieve the same goals.

The evaluation of these programmes has to take into account these differences 
and implement a meta-analysis able to better understand the links between policy, 
goals, strategies and their congruity.

6. Conclusion

Recent socio-economic and environmental dynamics have contributed to 
exacerbating the demand for housing to the point that it has reached emergency 
proportions, particularly in Italy. Today’s difficult situation calls for a change in 
perspective, moving towards a type of architecture that reconnects with its socially 
engaged roots: an architecture built for the community, to improve quality of life for 
those who find themselves in situations of severe or temporary vulnerability.

The idea of social architecture links up with the need for housing policies that 
are ‘more social’. Fortunately, projects in Europe seeking to reframe the right to 
housing by introducing an additional social component for the poor [9] show that 
this is currently a feasible objective. This new social offering is especially significant 
for people who have experienced conditions of exclusion and hardship, allowing 
them to access real housing opportunities. According to this vision, social housing 
represents a field of experimentation that is unquestionably effective in developing 
solutions that meet people’s needs, projects capable of combining spatial design 
and economic considerations while respecting environmental constraints. Some 
social housing experiences contain innovation even in the methods and procedures. 

Goals Design strategies (Milan) Design strategies (Turin)

Bringing quality to the built 
and natural environment

Distinctive paths, nodes, edges, 
landmarks that help to construct a 
sense of identity to the community

Provision of a wide range of 
sizes and types of housing 
units, to accommodate the 
different family configurations

Creating a sense of 
community identity and 
belonging

Provision of social and cultural 
infrastructure for the community: 
public and green spaces, community 
spaces to the development of 
projects that encourage diversity and 
integration

Provision of shared spaces in 
the community to encourage 
social integration

Establishing an 
environmentally sensitive 
relationship between places 
and people

Incorporation of renewable energy 
systems and passive strategies to 
buildings and the urban infrastructure

Encouraging recycling and 
reuse

Improving economic 
advantages

Creating laboratories
Sport and learning activities for 
children

Creating job opportunities
Saving energies and shortage 
costs

Sources: adapted from [20] by the authors.

Table 4. 
Goals and design strategies for sustainable housing.
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impact

Sources: author’s elaboration.

Table 3. 
Logics of action pervading social housing policies.
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The Turin case, for example, is the first example of temporary housing project. 
Temporariness favours small-scale and bottom-up initiative. Today, temporary use 
affords different actors to explore informal solutions, allow for flexible and transi-
tory responses and simplify some bureaucratic planning procedures. Temporary 
uses and structures are currently getting much attention, and as the Turin case 
demonstrates, they are still considered as an alternative, unconventional and infor-
mal approach to development. The Turin case is an example of urban reuse: an old 
building was transformed into a modern and functional one, with new functions 
and meanings. Temporary projects seem relevant in exploring alternative scenarios 
and reacting to instant challenges. They often could present alternatives for filling 
the voids left over by failed policies.

Social housing represents a new housing paradigm that calls into question the 
policies of architectural design and urban development that have characterised past 
decades. The new cultural model brought to life through these housing projects seeks 
to move beyond logic focused in particular on meeting the housing needs of certain 
social groups. Instead, the sustainable projects of social housing connect urban 
regeneration with economic development and involve a range of different actors and 
sets of knowledge and skills in synergistic collaboration. The search for urban quality 
also undoubtedly constitutes a key issue in disciplinary discussions of urban regen-
eration issues. This space offers significant opportunities for planning, urban renewal 
and regeneration [3].

The analysis of the selected case studies sought to demonstrate how spatial 
structure and social structures are strictly interconnected to create social innova-
tion and social sustainability.

Housing is therefore considered as a multidimensional process that involves 
different actors (institutions, cooperatives, agencies (private and public); different 
social groups, planners and local stakeholders) who interact by sharing objectives, 
methods and strategies.

The range of actors involved and the integration of economic, social and 
cultural aspects, it is the individual in all his or her complexity who experiences 
specific needs through a housing system that also includes other aspects of life. The 
cases analysed seek to create new housing models and solutions that contribute 
to improving the socio-economic fabric of the local area. In the Turin case, for 
example, there is an effort to plan, organise and collectively manage the socially 
useful services related to social housing facilities such as, for example, after-school 
programmes for children. However, this initial appraisal of the projects carried out 
in Italy does reveal that, unlike projects in other European countries, Italian public 
administrations continue to tackle the housing problem using a sectorial approach. 
Social housing instead increasingly calls for a multidimensional approach in which 
the needs and requirements of individuals, communities and society are concretely 
intertwined with new forms of market and governance involving financial, real 
estate, technological and social expertise. As these two case studies show, the range 
of actors involved and the integration of economic, social and cultural aspects, it is 
the individual in all his or her complexity who experiences specific needs through 
a housing system that also includes other aspects of life. These cases seek to create 
new housing models and solutions that contribute to improving the socio-economic 
fabric of the local area. In the Turin case, for example, there is an effort to plan, 
organise and collectively manage the socially useful services related to social 
housing facilities such as, for example, after-school programmes for children. In 
the experience of Zoia social housing in Milan, the cooperatives assigned through a 
competition Officine Creative spaces to the following subjects: a flautist, a group of 
women scenographers, an art gallerist and two architects also engaged in the design 
of a series of activities addressed to the inhabitants and the neighbourhood. In 

79

© 2019 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms 
of the Creative Commons Attribution License (http://creativecommons.org/licenses/
by/3.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 

Social Innovation and Environmental Sustainability in Social Housing Policies: Learning…
DOI: http://dx.doi.org/10.5772/intechopen.86279

Milan, children’s music education courses or sports initiatives create ‘an architecture 
of relationships’ that represents one of the main aims of social housing [25, 26].

As regard to the governance models, the analysis of several cases in Italy and 
Europe shows that more coordination is needed with public institutions, as they 
can contribute positively to the success of projects thanks to the joint formulation 
of housing policies and services. New options financed by public/private institu-
tions that are dedicated to social housing are emerging. They represent innovative 
solutions for structuring, reusing and managing social and affordable housing 
projects that are economically sustainable and not dependent on grants. ‘These new 
models have not only opened the social rental sector to private and public/private 
investments but have also demonstrated how a virtuous intersection of the three 
crucial policy dimensions—housing, urban and social policies—can help redraw 
the boundaries of local welfare’ [27]. In Europe, studies and researches highlight the 
emerging demand of houses and at the same time the demand of housing services: 
offering a house means not only producing efficient buildings but providing people 
with tools to improve the quality of life.

Social housing is not yet diffused in Italy. However, the experiments that are 
already operational do allow us to identify three main directions for new housing as 
‘living policies’.

First of all, people, with their specific needs and aspirations, must be placed 
once again at the centre of analytical thinking and contemporary design [28–34].

Secondly, living spaces need to enter into dialogue with their surrounding 
habitats, a relationship often neglected in housing policy that is more oriented 
towards quantity than quality and the market. Thirdly, it is increasingly crucial 
that social housing cover not only the ‘grey segment’ of the population but also the 
most marginal strata, now more than ever facing conditions of serious hardship. 
Tackling the housing emergency also requires greater investment in measures that 
not only are temporary and flexible but also ensure stable accommodations as well 
as job-training and employment placement assistance to the most underprivileged 
individuals; above all, they should provide permanent solutions. Regarding the pos-
sibility to realise in practice housing policies that can include social innovation and 
environmental sustainability, it seems to be an exciting direction, actually restricted 
in Italy to successful but very limited experiences.
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Chapter 6

Socioeconomic Influences on 
Affordable Housing Residents: 
Problem Definition and Possible 
Solutions
Deborah J. Bowen and Lisa Quintiliani

Abstract

Socioeconomic status (SES) is a powerful social determinant of health. Often, 
affordable housing is an important step in promoting reliable economic and social 
health among individuals living in poverty. However, we argue that we must go 
further to improve the long-term health outcomes of these individuals and families. 
First, we use survey data and geographical analysis to identify the socioeconomic 
status of neighborhoods and residents of affordable housing in a major urban 
center. SES levels are certainly lower among affordable housing residents, and SES 
was significantly lower in public housing development neighborhoods than other 
neighborhoods. We offer solutions from our own and other research experiences 
that identify potential changes to affordable housing to promote and maximize 
health of residents. These data have implications for multilevel intervention.

Keywords: built environment, neighborhood, socioeconomic status,  
affordable housing

1. Introduction

Public housing residents have a much higher burden of chronic disease and 
disease risk than other urban dwellers, even when controlling for income [1]. One 
possible driver of these differences may be the environment in which public housing 
developments are located [2]. There is growing evidence that the physical surround-
ings and resources available to individuals can have an impact on the relationship 
between socioeconomic status (SES) and health outcomes [3–5].

Early research led to several large-scale interventions that provide alternatives 
to living in densely populated, very low SES neighborhoods and buildings [6]. 
The Moving to Opportunity study used a randomized design to demonstrate that 
health outcomes, including obesity, could be improved when moving from high- to 
low-poverty areas. Many of these interventions and changes required physical 
changes to public and affordable housing that take years to create and are expensive 
and labor intensive. In contrast, we believe that with simple changes, we can create 
affordable housing experiences that promote health, rather than reduce the likeli-
hood of health promotion efforts. This chapter articulates those potential experi-
ences and calls for research into them.
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This chapter is divided into two main sections. First, we report health indica-
tors and the socioeconomic status of residents and of neighborhoods within public 
housing developments in Boston, Massachusetts, and compare it with the SES levels 
in other Boston neighborhoods. This landscape is likely to be found in all major 
urban settings in the United States. Then, we propose methods of ameliorating the 
effects of SES on the health of affordable housing residents and discuss the litera-
ture to support these methods.

2. SES and affordable housing

2.1 Setting

This research was conducted as part of the US Centers for Disease Control and 
Prevention-funded Prevention Research Center at Boston University. Research at 
this center is focused on 69 public housing developments in Boston with almost 
30,000 residents (>18,000 adults) in 13,937 units or apartments, with 68% of 
adult residents as female. On average, PHDs have greater than 300 units. The most 
common ethnic group in the PHDs is Hispanic (35%), followed by Black (32%) and 
White (21%). English (52%) and Spanish (33%) are the primary languages spoken 
in PHDs. Average annual household income is $13,700, which is below the poverty 
line for a household with only one adult and one child.

2.2 Study 1: SES differences between housing residents and other urban dwellers

First, we analyzed data from an ongoing government-sponsored survey in order to 
compare the health of public housing residents with other Boston residents through 
this random-digit-dial survey. We used data from the Boston Behavioral Risk Factor 
Surveillance System collected in 2001 and 2003 to make crude and demographically 
adjusted comparisons between public housing residents and other Boston city resi-
dents on measures of health status, access and utilization, and health behaviors [1].

Public housing residents were more likely to report fair or poor overall health sta-
tus, ever-diagnosed hypertension, current asthma, ever-diagnosed diabetes, obesity, 
disability, loss of six or more teeth, and feelings of depression for 15 days or more in 
the past month. Public housing residents were slightly more likely than others to be 
without health insurance or report financial barriers to medical care. Public hous-
ing residents reported more smoking and physical inactivity, less past-month binge 
drinking and past-year marijuana use, and similar levels of lifetime drug use.

This remarkably consistent evidence convinced our research group to focus our 
efforts on public housing residents in Boston and elsewhere. We focused specifically 
on obesity and smoking as two key behaviors that are amendable to change but that are 
double to triple the rates among public housing residents compared with other urban 
dwellers, given their role in promotion of chronic disease rates in the United States [7, 
8]. Our smoking research has taken the form of development and resident-based smok-
ing policies that restrict or limit smoking exposure among all residents of public hous-
ing [9]. We now promote smoke-free housing across the country and assist other public 
and affordable housing settings to go smoke-free [10]. The Boston Housing Authority 
initiated their smoke-free housing policy (not smoking in resident apartments) in 2012.

2.3 Study 2: analysis of neighborhoods surrounding public housing developments

Our focus on obesity was on understanding the risk factors for obesity in public 
and affordable housing and in testing new interventions to reduce obesity in those 
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settings. The second source of data was from the publically available 2007–2011 
American Community Survey (ACS) summary file. The American Community 
Survey is an ongoing survey administered by the United States Census Bureau that 
collects a variety of demographic and economic data [11]. Block groups containing a 
family public housing development were considered public housing neighborhoods.

Several measures of SES were taken from the ACS, using the 2010 block group 
as the unit of analysis: median household income (in dollars); median value of 
owner-occupied housing (in dollars); percentage of households receiving interest, 
dividend, or net rental income; percentage of adults 25 years or older who com-
pleted high school; percentage of adults 25 years or older who completed college; 
percentage of employed persons 16 years or older in executive, managerial, or pro-
fessional occupations; percentage of persons below the US poverty line, percentage 
white race, and percentage unemployed. To calculate area-level SES for each block 
group represented, we used the method of Diez-Roux [12], a combination of six 
census-based variables at the block group level. The Gini coefficient measures the 
inequality among values of a frequency distribution and is used here as a measure of 
income inequality [13].

Table 1 contains the socioeconomic levels of neighborhoods of Boston’s family 
public housing developments compared with neighborhoods in which there was not 
a family development. As seen in this table, there were consistent and significant 
differences in socioeconomic status variables between development neighborhoods 
and nondevelopment neighborhoods. This included the average Diez-Roux score for 
development and nondevelopment neighborhoods and for all of the specific variables 
included in the composite score, except for value of owner-occupied housing. The 

Public housing 
(N = 26)

Nonpublic 
housing (N = 609)

P-value

Characteristic Mean (SD) Mean (SD)

Mean Diez-Roux composite score −4.01 (4.48) 0.18 (4.50) <0.0001

SES indicators in composite score

Median household income ($) 28,513 (22,066) 59,088 (32,179) <0.0001

Median value of owner-occupied housing ($) 372,308 
(132,679)

395,254 (152,733) 0.0592

% households receiving interest, dividend, or net 
rental income

9.75 (12.19) 22.15 (14.31) <0.0001

% adults 25 years or older who completed high 
school

71.62 (15.95) 84.09 (14.25) <0.0001

% adults 25 years or older who completed college 25.01 (25.24) 39.45 (26.84) 0.007

% employed persons 16 years or older in executive, 
managerial, or professional occupations

30.07 (18.70) 41.76 (21.68) 0.007

Additional area-level SES indicators

% persons below 100% of federal poverty level 42.49 (19.41) 19.97 (17.07) <0.0001

% white race 37.16 (20.91) 56.80 (31.97) 0.002

% unemployed (imputed from Census 2010 tract 
level)

13.92 (6.59) 10.30 (7.93) 0.034

Gini index of income inequality (imputed from 
Census 2010 tract level)

0.498 (0.069) 0.461 (0.082) 0.033

Table 1. 
Mean block group characteristics by public housing status (N = 635 2010 census block groups).
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Figure 1. 
Map of Boston, MA, showing the socioeconomic status of public housing neighborhoods and nonpublic housing 
neighborhoods using an index calculated from 2007 to 2011 American Community Survey data.

differences between development and nondevelopment neighborhoods were also 
found in percentage of persons living below the poverty line, percentage unemployed, 
and percentage white race. The average Gini index measure of income inequality was 
higher in development neighborhoods than nondevelopment neighborhoods.

Figure 1 is a map of Boston with family developments outlined in red and the 
block groups within Boston color-coded by the Diez-Roux composite measure of 
socioeconomic status. Many of the public housing development neighborhoods are 
in block groups color-coded in white or lighter colors, indicating a low composite 
score of socioeconomic status. Boston is a city with extensive public transportation 
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where many children are bused to school from across town and workers can also 
readily access the transit system, so there is opportunity for movement across 
the city by public housing residents. Nevertheless, many people use services and 
have social interactions within a quarter mile of their home or work. Given that 
most residents of public housing are underemployed, resources built into the lived 
neighborhood become even more important.

We can hypothesize that these SES differences are likely associated with differ-
ent amounts of opportunity for healthy eating and activity choices, both related to 
obesity. The fundamental distinctions in SES associated with differential access to 
healthy opportunities still exist [14, 15]. The concept of differential access within 
the practical confines of one’s neighborhood frames what the next steps are for 
intervention to change an unhealthy, obesogenic environment.

2.4 Study 3: changing the environment of public housing

Given our thinking around the utility of simple changes within or in the 
immediate surrounding area of public housing developments, the third study was 
an initial test of an intervention to improve the environments of public housing 
developments to reduce obesity. The Healthy Families study [16, 17] was a group 
randomized weight reduction trial, in which five housing developments were 
randomized to receive all physical and social environment intervention activities 
and five to an assessment only control group. Intervention activities were promoted 
by resident advocates and targeted weight-related behaviors according to multiple 
levels: physical environment (e.g., walking groups, resource maps), social environ-
ment (e.g., health screenings, cooking demonstrations), consumer (mobile food 
bus), and information environment (social media). A cohort of 211 (interven-
tion = 116; control = 95) randomly selected women and daughter pairs formed the 
evaluation cohort. Overall, most participants were Latino (63%), had affordable 
health insurance (79.1%), and have a high school education or less (64%). The 
1-year follow-up assessment data indicated significant effects on moderate-level 
physical activity; these data were used, in part, to calculate power for the present 
study. Briefly, physical activity increased from 19.8 minutes per day to 30.5 minutes 
per day for intervention women, while control women reported stable walking 
levels. The proportion of sedentary intervention women decreased from 89 to 59%; 
again control women remained stable. These data indicate that a development-wide 
intervention can make a difference in the activity levels of affordable housing resi-
dents. The changes in outcomes were profound, in that a very large proportion of 
women changed from sedentary to nonsedentary in 1 year. This study showed that 
with relatively easy improvements in the environmental cues for healthy behaviors, 
public housing residents could make changes that in the short term can result in 
decreased obesity and decreased sedentary behaviors.

3. Future research and opportunities for affordable housing residents

One lesson from the previously cited Healthy Families intervention study is the 
idea that residents themselves, with help and guidance, can help other residents 
to improve their healthy behaviors and reduce obesity and smoking behaviors. 
We have conducted multiple projects to train and support residents to become lay 
health workers within public and affordable housing, skilled in behavior change 
techniques, motivational discussions with other residents, and environmental 
changes [18, 19]. In Healthy Families, for example, residents were trained and sup-
ported to work within their own and others’ developments to help other residents 
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public housing residents could make changes that in the short term can result in 
decreased obesity and decreased sedentary behaviors.

3. Future research and opportunities for affordable housing residents

One lesson from the previously cited Healthy Families intervention study is the 
idea that residents themselves, with help and guidance, can help other residents 
to improve their healthy behaviors and reduce obesity and smoking behaviors. 
We have conducted multiple projects to train and support residents to become lay 
health workers within public and affordable housing, skilled in behavior change 
techniques, motivational discussions with other residents, and environmental 
changes [18, 19]. In Healthy Families, for example, residents were trained and sup-
ported to work within their own and others’ developments to help other residents 
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participate in walking groups [20] and choose more healthful food offerings. These 
lay health workers, called Healthy Living Advocates, participated in the design and 
implementation of all intervention activities within Healthy Families, and many are 
still active in their developments several years later.

Training HLAs in nutrition and physical activity changes skills on a large scale 
requires a curriculum that can be easily delivered and transported from setting to 
setting and delivered using easy to use accessible methods for affordable housing 
residents. eHealth technologies offer such a platform. Our survey data support the 
idea that recent use of the Internet and social media is high among public hous-
ing residents, with 65% and 59% reporting past-day use, respectively. Almost all 
residents in the sample used their cell phone for at least one phone call daily (97%) 
and 84% reported receiving or sending at least one text message per day [21].

Therefore, the use of eHealth technology may be used in several ways to facili-
tate the delivery of a curriculum by lay health workers: to provide training, help 
guide conversations with fellow residents, and provide a place to store notes about 
each contact for later retrieval by the lay health worker and the research team 
overseeing quality assurance. We have created an eHealth website that consists of 
web pages for use by lay health workers to counsel individuals in-person or over 
the telephone about diet and physical activity behaviors. The website assists the lay 
health worker by displaying on their computer screen [1] previously collected data 
about the resident receiving counseling (obtained via a survey assessment) and [2] 
suggested questions lay health advisor can ask the person about his/her lifestyle 
to identify relevant social contextual factors (e.g., family roles) that impact the 
diet and physical activity behaviors, followed by suggestions on how the lay health 
worker can work with the person to set behavior change goals (if the participant 
is motivated/ready). The website then directs behavior-specific goals which are 
then set with the participant and recorded in the website, and suggestions for how 
to meet the goals are discussed (e.g., enroll the help of a support person). All text 
is written in a motivational interviewing style and provides cues to the CHW to 
provide reflections (both simple and complex). The lay health advisor records notes 
within the website for their use during the next session and for the researcher’s use 
in understanding what happened during the counseling session.

The website has undergone two rounds of usability testing with lay health advi-
sors from public housing developments. Five lay health advisors reviewed an early 
version of the website and provided qualitative comments on its design and rated its 
usefulness and ease of use highly (mean = 6.8, on a 7-point scale). Second, we con-
ducted another round of testing with three resident lay health advisors (two new 
individuals, one who had participated in round 2). Over 6 months, we conducted 
an iterative development plan in which we had eight one-on-one meetings to show 
them our plans, obtain their feedback, implement these changes, and then show 
them newly revised versions. They rated the CuesWeight system highly in terms 
of usefulness and ease of use (average of 1.7 on a scale of 1 [best] to 7 [worst]). 
Overall, these findings support the usefulness of an eHealth website to deliver a 
curriculum that can be easily delivered and transported from setting to setting and 
delivered using easy to use accessible methods for affordable housing residents.

4. Conclusions

Public and affordable housing residents need the help of research and public 
health practice teams. We have taken the approach of collaborating with the 
Partnership in Health and Housing to work with community members to develop 
and implement survey and intervention work. For academic institutions without an 
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existing partnership, researchers and public health practice teams can forge rela-
tionships with the tenant task forces that are present in many public and affordable 
housing communities.

With relatively simple changes, we can make potential differences in the health 
outcomes of public and affordable housing residents [22]. For example, using 
eHealth technologies as a platform for training and delivering lay health advisors in 
public housing developments is an opportunity to expand the reach of workers both 
within their developments and across developments nationally. Websites could be 
made open source so that lay health advisors could review and modify the content 
to fit their particular populations, housing contexts, and targeted health behaviors.

Changing policy to fund these types of programs and activities will improve the 
systems that support residents and help them improve their health. Funding posi-
tions of community health workers could be supported along with regular mainte-
nance of the physical building to enable residents to improve their health outcomes 
and live happier, healthier lives.
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