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Chapter

Sustainable Housing Design:
System Control Strategy

Kazutoshi Fujihira

Abstract

Current housing design faces various environmental, social, and economic
issues, such as climate change, aging population, and workplace needs. Dealing
with such issues and pursuing sustainability is a target-oriented challenge. The
science of system control can be utilized for all target-oriented tasks. Therefore,
applying system control, we have been developing methods for sustainable design.
Based on our finished research and practice results, this chapter shows how to
design sustainable homes. Section 2 briefly illustrates the methods with two
figures: (1) the control system for promoting sustainable housing design, (2) the
process of producing and revising sustainable housing design guidelines. Section
3 demonstrates a concrete process of creating sustainable design guidelines. First,
it identifies global and general problems related to current homes and specifies
requirements for sustainable housing design. Next, it converts these requirements
into a tabular form of “housing elements, variables, and their desired values.” The
completed table has turned out compact “sustainable housing design guidelines”
for general use. The methods have four significant features: (1) total visualization
for promoting sustainable design, (2) user-friendliness, (3) comprehensiveness, (4)
flexibility toward optimization.

Keywords: system control, sustainable design guidelines, climate change,
aging population, workplace needs

1. Introduction

Present housing design faces various environmental issues, including climate
change. In 2014, the Fifth Assessment Report of the Intergovernmental Panel on
Climate Change (IPCC) said, “without additional efforts to reduce greenhouse gas
emissions beyond those in place today, global warming in 2100 ranges from 3.7°C
to 4.8°C above the average for 1850-1900” [1]. The Paris Agreement of 2015 has
aimed to limit global warming to well below 2°C, preferably to 1.5°C, compared
to pre-industrial levels [2]. In order to curb global warming, the building sector
must reduce CO, emissions drastically [3]. Meanwhile, no matter whether the Paris
Agreement is fulfilled or not, the global mean temperature will inevitably rise from
the present level. Accordingly, today’s housing also needs to prepare for more severe
extreme weather events caused by climate change [1].

On the other hand, changing social and economic situations also urge housing
design to be altered. For example, aging population, which is remarkably progress-
ing in this century [4], increases the proportion of people with disabilities in the
population and households [5]. Thus, houses should adopt fundamental accessible
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and universal design features [5, 6]. Meanwhile, along with the development of
information technology and network, the number of people who work at home or
from home has been increasing [7, 8]. Currently, homes need to be recognized as
significant places for working and economic activities [9].

Dealing with environmental, social, and economic issues and pursuing sustain-
ability is a target-oriented challenge. The science of system control can be used for
all target-oriented tasks [10]. Besides, that science has brought fruitful results in
many fields, including engineering [10]. Therefore, applying system control, we
have been progressing in research on sustainable design.

Our finished study results include the “control system for promoting sustainable
housing design” and the “process of producing and revising the sustainable design
guidelines.” Utilizing these methods, we have already developed and revised sus-
tainable housing design guidelines, mainly for use in Japan. Based on these accom-
plished results, this chapter shows how to design sustainable homes. First, the next
section briefly illustrates the methods. After that, the main section demonstrates a
concrete process of creating sustainable housing design guidelines.

2. Methods
2.1 Control system for promoting sustainable housing design

The control system for promoting sustainable housing design is shown in
Figure 1. The upper and lower sections separated by the dotted line are the
“theoretical world” and the “practical world.”

In Figure 1, “controlled objects” are homes, which include both new and exist-
ing homes. “Disturbances” mean adverse effects on controlled objects originating
from environmental, social, or economic issues. Instances of the disturbances
are impacts of pollution and extreme weather events caused by climate change.
The route from “disturbances” to “sustainability” is “adaptation.” Recently, the

Theoretical world

Sustainability (Control purpose)

i . . Problems
* Environmental conditions: Enviro- Soluti . .
; ; oluuon » Environmental issues
preservation, Sustainable resources |[d------- —_————— iror
Prevention » Social issues

» Well-being conditions: Health,

Safety, Mutual help, Self-realization * Economic issues

1
| . Adaptation H
I
1
1 Disturbances :
v 4 '
(Desired , , (Controlled
values) Sustamable N _Those | prawings and ~ (Controlled objects) variables)
design P involved P T P Homes >
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Figure 1.
Control system for promoting sustainable housing design.
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necessity of adaptation to disturbances has become widely recognized, along with
the progress of climate change [1]. The IPCC has stated that achieving sustain-
ability also requires adapting to climate-related impacts, in addition to mitigating
climate change [11].

The control purpose is the accomplishment of “sustainability” The upper-left
box in Figure 1 shows that achieving sustainability requires fulfilling both environ-
mental and well-being conditions. Environmental conditions are “environmental
preservation” and “sustainable use of natural resources.” Meanwhile, well-being
conditions are “health,” “safety,” “mutual help,” and “self-realization,” which are
significant factors for people’s well-being [12].

“Controlled variables” are the variables that are related to controlled objects and
should be controlled for mostly solving or preventing the issues or adapting to dis-
turbances. On the other side, “desired values” are derived from the control purpose,
namely sustainability. The control objective of this control system is to adjust the
controlled variables to their desired values [13, 14].

In the practical world, the subjects of control are “those involved in design,”
including homeowners, designers, architects, and homebuilders. In order to adjust
the controlled variables to their desired values, those involved in design utilize the
“sustainable design guidelines” and “sustainability checklist.” Both of the design
guidelines and checklist have almost the same expressions, that is, elements,
variables, and desired values. However, the checklist is formed to smoothly compare
measured or estimated values of the variables with the desired values and search for
controlled variables [13, 14].

When objects are new homes, information about the desired values reaches
“those involved in design” through the “sustainable design guidelines.” Those
involved prepare “drawings and specifications” so that the variables of the home’
elements can satisfy their desired values to full potential. At significant phases in
the design work, those involved in design check the drawings and specifications by
seeing the “sustainability checklist” [13, 14].

When objects are existing homes, the design work starts with “inspection” on
the home as an object. Using the sustainability checklist, “those involved in design”
measure or estimate each element’s variables of that home. Next, they compare the
variables’ measured/estimated values with the desired values. As a result, the vari-
ables whose measured or estimated values fall below the desired values should be
“controlled variables.” After the inspection, those involved in design usually prepare
“drawings and specifications” for improvement so that the controlled variables
meet their desired values to the maximum [13, 14].

2.2 Production and revision process of sustainable design guidelines

Figure 2 demonstrates the process of producing and revising the sustainable
housing design guidelines and sustainability checklist. The upper section of the
diagram is the “theoretical world,” and the lower section is the “practical world.”

The four blocks on the left side are the items that system designers refer to
when producing or revising the sustainable housing design guidelines. The central
part shows the flow of planning and using the sustainable design guidelines and
checklist. First, the system designers produce or revise the design guidelines
through the three-stage process. Subsequently, system users employ the design
guidelines and checklist. Finally, the residents use the completed homes that
have been designed with the design guidelines and checklist. Meanwhile, the two
items on the lower right show the feedback loops from the system users and home
residents.



Sustainable Housing

Theoretical world
[System designers]

Trends in understanding Iednev?rtgir;:r?]ttie%?a?f social

about problems related and economic problems
to housing related to housing

v

Trends in understanding 'r‘;’ZE}lfécn‘;'gﬁ{‘s?gﬁhe

about sustainable sustainable housing
housing design

.......................................... *

Trends in technology
related to housing

A 4

4

Y
A

Determination of
elements, variables and
their desired values in
the sustainable design
guidelines and

Trends in systems sustainability checklist
related to housing > <
design
Practical world A 4
[System users] Feedback from the

A 4

Utilization of the guidelines/checklist
guidelines and checklist users

!

[Home residents]
Use of the designed and
completed homes

Feedback from the
home residents

A 4

Figure 2.
Process of producing and revising the sustainable housing design guidelines and sustainability checklist [9].

2.2.1 Production process of the sustainable design guidelines

The production process of the sustainable housing design guidelines is made up
of three stages: (1) identification of environmental, social, and economic problems
related to housing, (2) identification of the requirements for sustainable housing
design, (3) determination of elements, variables, and their desired values in the
sustainable design guidelines [9].

In the first stage, system designers identify environmental, social, and economic
issues related to housing, while checking trends in understanding about such issues.
The basis for the identification is that the issues affect the well-being and environ-
mental conditions shown in Figure 1, such as health, safety, and environmental
preservation. System designers can specify local/particular issues in their country
or region, in addition to global/general issues [9].

Next, based on the specified housing-related issues, the system designers
identify the requirements for sustainable housing design. When identifying such
requirements, it is useful to observe trends in understanding about sustainable
housing [9].

In the third stage, the requirements for sustainable housing design are converted
into a table of “element-variable-desired value,” which can be found in the design
guidelines. First, the system designers select “elements” so as to cover significant
and necessary parts of homes. When selecting elements, it is helpful to base two
factors on: “material” and “space.” “Material” considers homes as the complexity
of material elements, including framework, exterior, interior, windows and doors,
and plumbing. “Space” regards homes as the complexity of spatial elements, such
as rooms and areas [13, 14]. After identifying elements, system designers specify
the elements’ “variables” that can show the directions of the requirements for
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sustainable design. Subsequently, they determine the variables’ “desired values” to
meet the requirements.

The most significant advantage of converting the requirements into the
“element-variable-desired value” table is practical convenience to system users.
“Elements” in the table correspond to actual parts of homes. “Variables” and
their “desired values” show the design points and their targets, respectively.
Therefore, the system users can easily understand what should be designed and
design steps [9].

2.2.2 Revision process of the sustainable design guidelines

The sustainable design guidelines are necessary to be revised, for adjustment to
changing situations and improvement toward higher validity and user-friendliness.
We have created the revision process by integrating three factors: (1) changesin
the theoretical world, (2) changes in the practical world, (3) user feedback [9].
After making preparations from these three spheres, system designers amend the
“element-variable-desired value” expressions.

As demonstrated in the upper left of Figure 2, changes over time in the theoreti-
cal world are reflected into the design guidelines [9]. First, observing the latest
trends in understanding about housing-related problems, system designers amend
the problem list. After that, they also modify the list of the requirements for sus-
tainable housing design. When modifying the requirement list, it is also necessary
to search for changes in understanding about sustainable housing.

Changes over time in the practical world also need to be taken in the design
guidelines. In order to reflect such changes, the system designers observe current
trends in housing-related technology and systems related to housing design [9]. In
addition, systems related to housing design include compulsory systems, such as
building codes, and voluntary systems relating to sustainable housing (assessment
and rating systems, standards, guidelines, etc.) [15].

Meanwhile, “user feedback” is significant for the improvement of the design
guidelines and checklist. In this case, there are two feedback loops: from system
users and home residents. The feedback from the system users is information about
reactions to the guidelines and checklist, such as comments on their adequacy
and user-friendliness. On the other hand, the feedback from the home residents
includes responses to the completed homes, such as remarks about the homes’
amenities and sustainability performance [9].

3. Sustainable housing design guidelines for general use

Using the methods illustrated in the previous section, we have already produced
and revised sustainable housing design guidelines, chiefly for use in Japan. Based on
these studies and practical results, this section anew demonstrates how to produce
sustainable housing design guidelines for general use. In line with the process of
producing guidelines, this section consists of two subsections: (1) housing-related
problems and requirements for sustainable design, (2) conversion into housing
elements, variables, and desired values.

3.1 Housing-related problems and requirements for sustainable design
Housing-related problems and requirements for sustainable housing design

have been demonstrated in Table 1. We have first selected main global and general
issues, considering the conditions for sustainability. The first two items, “global
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Housing-related problems Requirements for sustainable Conditions for
(Main global/general issues) housing design sustainability
* Global warming and climate  Energy saving * Enviro-preservation

change

Use of renewable energy

Increase of green spaces

e Environmental issues related to
building materials (environmen-
tal destruction, biodiversity loss,
environmental pollution, climate
change, resource depletion,
waste)

Material saving
Extension of housing lifespan

Use of low-environmental-load
materials

Enviro-preservation

Sustainable resources

* Harmful effects on housing
caused by climate change (more-
severe heat waves, heavy precipi-
tation events, cyclonic storms,
floods, drought, wildfires, etc.)

Adaptation measures (measures
against increasing temperatures,
more impact-resistant exterior,
securing emergency water and
energy, etc.)

Health
Safety

e Urban heat island

Increase of green spaces

Enviro-preservation

* Urban flooding due to rainwater * Reduction of impervious surface * Health

runoff areas * Safety

* Blackout risks due to increasing * Storage of electricity * Health

solar and wind power generation . Safety

* Water shortage risks * Water saving * Health

e Use of rainwater * Safety

* Issues resulting from aging * Accessible and universal design e Health

populatxc?n (Increase of medical . Safety
and nursing care expenses, etc.)

* Poor indoor thermal performance ¢ Healthy indoor thermal * Health

performance
* Indoor air pollution caused by ¢ Use of non-toxic substances for the * Health

toxic substances (volatile organic
compounds, etc.)

occupants

¢ Insufficient considerations for
working at/from home and
learning

Spaces and equipment for working
and learning

Self-realization

e Issues resulting from insufficient

Planning suitable for

Mutual help

communication communication o
* Self-realization
* Neglected landscape ¢ Consideration for the landscape * Health
* Crimes (burglaries, etc.) e Security measures o Safety

Notes: (1) Housing-related problems listed in this table ave only main global and general issues. If intending to create
design guidelines for a region or country, system designers need to add local and particular issues of that region or
country to the problem list [9]. (2) This housing design study deals with issues that can occur after housing sites are
determined. Therefore, matters concerning housing land development or site selection are excluded from this table.
Instead, such issues are handled in the study on urban design [16].

Table 1.
Housing-related problems and requivements for sustainable design.

warming and climate change” and “environmental issues related to building materi-
als,” are significant problems linked to environmental conditions. The other issues
are chiefly related to well-being conditions, such as health and safety. Choosing five
items from the table, this section briefly explains the outlines of the problems and
the requirements for sustainable design.
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3.1.1 Global warming and climate change

The IPCC’s Fifth Assessment Report has concluded that cumulative emissions
of CO, largely determine global mean surface warming [1]. The amount of CO,
in the atmosphere has been obviously increasing due to human emissions [1, 17].
In order to cut CO, emissions, the housing sector must reduce energy originating
from fossil fuels. Therefore, two mitigation measures, namely saving energy and
using renewable energy, are significant as the requirements for sustainable design
[1]. Moreover, the necessity of enhancing the sinks of CO, requires increasing
green spaces [1].

3.1.2 Environmental issues velated to building materials

Building materials over their life cycles, from resource acquisition, throughout
construction, demolition, and disposal or recycling, are related to various environ-
mental problems. Such issues include environmental destruction, biodiversity loss,
environmental pollution, climate change, resource depletion, and waste.

The strategy of reducing environmental impacts related to housing materials
can be divided into three: (1) material saving, (2) extension of housing lifespan,
(3) use of low-environmental-load materials [18]. “Material saving” aims to reduce
the amount of material in a housing structure. The “extension of housing lifespan”
requires tactics for long-life homes, such as selecting durable materials, adopt-
ing deterioration prevention measures, and considerations for adapting to future
layout changes. Meanwhile, the “use of low-environmental-load materials” includes
various options, such as using locally produced materials, utilizing recyclable or
recycled materials, and sustainable use of renewable materials [18].

3.1.3 Harmful effects on housing caused by climate change

Along with increasing atmospheric CO, concentrations, climate-related impacts
on the built environment are also becoming more severe [1]. Such impacts include
heat waves, heavy precipitation events, cyclonic storms, floods, drought, and
wildfires [1]. Accordingly, the necessity to adapt housing design to climate change
is also increasing. Adaptation measures in the building sector include measures
against rising temperatures (insulation, external shading, cross ventilation, etc.),
more impact-resistant exterior, and securing emergency water and energy [19, 20].

In addition, measures to reduce climate-related risks differ across regions [1].
Thus, those engaged in sustainable design in each region should adequately predict
future risks and plan effective measures.

3.1.4 Issues vesulting from aging population

Aging population is becoming a crucial challenge to economic and social
sustainability. An increasing number of the elderly inflates public expenditures
on pensions, and medical and nursing care [21]. Meanwhile, since disability rates
increase with age, the aging population raises the percentage of people with dis-
abilities in the population and households [5].

Current demographic changes require housing to adopt accessible and universal
design [5, 6, 22]. Incorporating universal design features into homes improves
safety, helping to prevent accidents caused by falls and slips [6, 22, 23]. In addition,
universal design helps everyone with assistance needs, such as people with dis-
abilities, the elderly, small children, pregnant women, and people with a temporary
injury or illness [24, 25]. Furthermore, including universal design principles in
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advance leads to a drastic reduction of future renovation costs. According to the
Victorian Government of Australia, the cost of incorporating fundamental univer-
sal design features into a new home is more than 20 times cheaper than retrofitting
such features into an existing home [26, 27].

3.1.5 Insufficient considerations for working at/from home and learning

Recently homes have been becoming more significant as working places [9]. The
development of information technology and networks has been promoting home-
based businesses [7]. Besides, an increasing number of firms are adopting working
from home [7, 8]. Meanwhile, life longevity is increasing the necessity of lifelong
learning [28]. As a result, housing is also gaining importance as a place of learning
for adults as well as children.

Previously, houses were not recognized as significant places of working and
lifelong learning. Accordingly, if attempting to start working or learning at home,
people often encounter difficulties due to a lack of space and facilities. In fact, unex-
pected demands for working from home forced by the COVID-19 pandemic revealed
such difficulties. For example, in April of 2020, a housing-related firm in Japan,
Recruit Sumai Company Ltd., conducted a questionnaire to office workers living in
the Greater Tokyo Metropolitan area and gained 1390 valid responses. As a result,
many workers from home answered that there were various insufficiencies in their
houses, such as a lack of space or room for working and equipment shortages [29].

3.2 Conversion into housing elements, variables, and desired values

We have converted the requirements for sustainable design into the structure
of housing elements, variables, and desired values. First, based on the above-
mentioned two factors, namely “material” and “space,” we have selected a total of
23 housing elements. After specifying the elements, we have determined variables
and their desired values, as shown in Table 2.

3.2.1 Material element design

In Table 2, material elements are from “entire building” to “outdoor facilities.”
Choosing four from these 14 items, this section illustrates material element design
for sustainable housing.

3.2.1.1 Entive building

The shape of the entire building closely relates to the “energy saving” and “mate-
rial saving” shown in Table 1. Preferring compact forms to sprawling ones reduces
the building envelope surface area and decreases thermal transfer through the
surface [18, 30]. Moreover, pursuing compact shapes also leads to lower embodied
energy and environmental impacts related to materials for constructing the enve-
lope itself [30]. Therefore, we have identified the entire building’s key variable and
its desired value as “shape: compactness” and “compact,”’ respectively.

The most common quantitative indicator of compactness is the ratio of the enve-
lope surface area (S) to the enclosed volume (V) [30]. Accordingly, we have adopted
the “surface-to-volume ratio (S/V)” as the index of the variable and determined its
desired value as a “smaller S/V ratio.” For example, the S/V ratio of the house shown in
Figure 3 is 0.888, which is a considerably small figure among S/V ratios of shapes with
the same enclosed volume as this house. When planning this home, the owner and
designers pursued a more compact form in the restriction of the shown narrow land.
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Element Variable Desired value
Entire building Shape: Compactness Compact (Not sprawling)
(Index: Surface-to-volume (Index: Smaller S/V ratio)
ratio [S/V])
External appearance Consideration for the landscape
Framework Durability Long service life (Superior deterioration
resistance against decay or corrosion)
Materials Low-environmental-load materials

(Priority of wood over steel and concrete)

Exterior (roof, wall, etc.)

Resistance against impacts
(fires, storms, etc.)

Sufficient resistance against anticipated
impacts

Durability Long service life (Longer expected
lifespan, easier replacement of the
features)

Materials Low-environmental-load materials

Thermal insulation Thermal insulation Sufficient thermal insulation performance
performance for occupants’ health
Windows and doors Thermal insulation Sufficient thermal insulation performance

performance for occupants’ health
Sunlight adjustment Sufficient capability of taking the sunlight
capability in winter and reducing it in summer

(Primary related factors: Types of window
glass, solar shading materials such as
blinds, and eaves)

Protection of glass against Shutters

impacts

Security measures Sufficient intrusion prevention measures
Interior (floor, wall, ceiling, Toxicity Non-toxic for occupants’ health
etc.) Materials Low-environmental-load materials
Lighting fixtures Type of light LED (Lighting fixtures in living spaces are

fitted with lighting controls)

Energy-using equipment Energy efficiency High energy efficiency
(heating, air-conditioning,
hot-water supply,
ventilation, etc.)
Plumbing (water pipes, Durability Long service life (Longer expected

drainage pipes, gas pipes,
etc.)

lifespan, easier replacement of the piping)

Equipment for harnessing

Harnessed renewable

100% or more of the total energy usage

renewable energy energy
Storage battery Type Household battery or Electric vehicle
battery
Linkage Interconnection with the home electrical

system

Equipment for rainwater
use

Rainwater-using
equipment

Rainwater tank

Water-using equipment
(toilet bowls, faucets,
shower heads, etc.)

Water saving performance

High water saving performance

Outdoor facilities (fence,
etc.)

Form

Secure unhindered sightlines

Appearance

Consideration for the landscape

Materials

Low-environmental-load materials
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Element

Variable

Desired value

Areasrelating to water use
and hot-water supply

Areas in the home

Placing them closer

Living/dining room and

Place in the home

Between the entrance and private room

kitchen area area
Type of kitchen Open or semi-open
Areas for working and Places in the home In or near the living/dining room and
learning kitchen area
Equipment Table/desk and shelf (fixed or movable)
and Internet connection
Bedroom for the disabled Floor space 10 m? or more, with one wall 2 minimum
or elderly length of 3m
Accessible route Areas connected with the Bedroom for the disabled or elderly,
accessible route toilet and bath area, living/dining room,
kitchen, area for working and learning,
entrance, street, (parking)
Passages’ surface on the Flat or gently sloping (Gently sloping: 1/12
route gradient max.)
Doorways’ thresholds on No level differences
the route
Passages’ width on the 90 cm or more
route
Doorways’ width on the 75 cm or more
route
Toilet and bathroom Wheelchair Sufficient clear space from the rim of the
maneuverability space toilet bowl and the bathtub
Handprails help toilet users Installed
sit and stand
Handprails help bath Installed
users go in and out of the
bathtub
Stairs Gradient of steepness 40 degrees or less
Handrails Installed
Position and area of Positions of windows in Two or more places on walls in each living
windows each living space (Natural space (Cross ventilation)
ventilation)
Ratio of total window area 20% or more
to floor area in each living
space (Daylighting)
Green space Ratio of the green space in High ratio of the green space

the outside area

Notes: Material elements are from “entive building” to “outdoor facilities” and spatial elements are from “areas
relating to water use and hot-water supply” to “green space”.

Table 2.

Sustainable housing design guidelines for general use.

3.2.1.2 Equipment for harnessing renewable energy

Responding to “use of renewable energy,” a requirement for sustainable
housing design, we have identified “equipment for harnessing renewable energy”
as a material element. After that, we have determined the key variable and its

10
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Entire building: Equipment for harnessing renewable energy:
* Shape - Compact » Harnessed energy - 500% of the total energy usage > 100%

Windows: + Sunlight adjustment capability
- Sufficient capability of taking the sunlight in winter and reducing it in summer

Winter

(a) Overall appearance in winter

it

z ' 8 4 | —_—
(c) LED lighting fixtures and a lighting control (d) Shuttered windows
Lighting fixtures: Windows
» Type of light: LED (Lighting fixtures in living * Protection of glass against
spaces are fitted with lighting controls.) impacts: Shutters

Figure 3.
An example of material element design for sustainable housing [31].

desired value to be “harnessed renewable energy” and “100% or more of the total
energy usage, respectively. This desired value means aiming at net-zero-energy
or surplus-energy housing. Achieving the desired value usually needs both energy
saving and a considerable equipment capacity to harness renewable energy.

The most common equipment for harnessing renewable energy on housing sites is
solar power generation systems. For example, the house demonstrated in Figure 3 is
equipped with 49 solar panels on the single-pitch roof. The combination of this larger-
scale photovoltaic generation system and various energy-saving schemes has enabled
this home to reach an amazing 500% of self-sufficiency in energy [31].

3.2.1.3 Windows and doors

Openings, especially windows, are related to many requirements for sustainable
housing design, including healthy indoor thermal performance. Improving indoor
thermal performance requires windows to secure sufficient “thermal insulation
performance” and “sunlight adjustment capability,” both of which contribute to
energy saving by decreasing the demand for heating and air-conditioning [32].
Besides, such tactics also become adaptation measures because they can reduce

11



Sustainable Housing

temperature-related impacts, including overheating during heat waves [19, 33].
Therefore, we have identified the desired value of thermal insulation performance
as “sufficient thermal insulation performance for occupants’ health.” Meanwhile,
the desired value of sunlight adjustment capability has been determined to be
“sufficient capability of taking the sunlight in winter and reducing it in summer.”
Primary factors influencing the sunlight penetration ratio are types of window
glass, solar shading materials such as blinds, and eaves. Concerning the windows

on the southern facade of the home in Figure 3, the window glass, lace curtains, the
balcony, the roof with the pendent eave, and the deciduous tree cooperate to control
the sunlight.

Moreover, considering an adaptation measure, that is, more impact-resistant
exterior, we have specified “protection of glass against impacts” as another variable
of windows. Subsequently, we have determined its desired value to be “shutters.”
Protecting the most vulnerable part of housing external surfaces, namely window-
panes, helps prevent damage caused by climate-related extreme events. As shown in
the lower right of Figure 3, shutters cover the windows and protect the glass against
impacts, such as fire, hurricanes, and flying objects. In addition, covering windows
with shutters also helps upgrade intrusion prevention measures.

3.2.1.4 Lighting fixtures

Regarding “lighting fixtures,” we have specified the key variable and its desired
value as “type of light” and “LED,” respectively. LED lamps are significantly more
energy-efficient than others, including fluorescent lamps and incandescent light-
bulbs; therefore, using LEDs can satisfy energy saving, one of the requirements in
Table 1. Besides, LEDs are much more durable than other light sources. Furthermore,
LEDs do not contain toxic materials, such as mercury [34]. Accordingly, using LED
also contributes to reducing environmental impacts related to building materials.

Meanwhile, we have added notes to “LED,” saying “lighting fixtures in living
spaces are fitted with lighting controls” (Figure 3, lower left) [9]. Dimmers and
other controls can reduce brightness and help consume only the amount of electric-
ity needed. Thus, LED with lighting controls is highly energy-efficient. Moreover,
brightness and color adjustment functions are beneficial for occupants’ health
and well-being. For example, avoiding bright lights and blue light before bedtime
contributes to preventing sleep-quality-related diseases [35, 36].

3.2.2 Spatial element design

The items shown in the latter part of Table 2, namely from “areas relating to
water use and hot-water supply” to “green space,” are spatial elements. Selecting
five from these nine items, this section illustrates spatial element design for sustain-
able housing.

3.2.2.1 Areas velating to water use and hot-water supply

“Areas relating to water use and hot-water supply” include a kitchen and hygiene-
related area, such as a bathroom and laundry, as well as a place for a water heater
(Figure 4). These areas should be placed closer, in order to reduce plumbing-related
materials and energy. This spatial planning leads to reduction of the total length of
water and hot-water plumbing and waste pipes. This consideration also contributes
to cutting down the heat loss from hot-water supply pipes. In addition, this arrange-
ment leads to comfort in occupants’ daily life. As the distance from the water heater
to the faucet decreases, the time until hot water comes out shortens [31].
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3.2.2.2 Avreas for working and learning

As described in Section 3.1, housing has been gaining importance as a place of
working and learning. Considering such recent situations, we have selected “areas
for working and learning” as a spatial element. After that, we have determined the
key variable and its desired value as “places in the home” and “in or near the living/
dining room and kitchen area,” respectively. In addition, the above-mentioned survey
conducted under the COVID-19 pandemic has also supported the appropriateness
of this space planning. The answers to the questionnaire have included two types of
needs: (1) want to work in a larger living room, (2) want to work in a space or room
for exclusive use [29]. Accordingly, in Figure 4, we have partially overlapped the
“areas for working and learning” with the “living/dining room and kitchen area.”

3.2.2.3 Bedroom for the disabled or elderly

A “bedroom for the disabled or elderly” means a private area used or expected to
be used by the residents limited in their movements, such as wheelchair users and
the elderly. As shown in Figure 4, this room needs to be connected with the acces-
sible route. Therefore, the room is usually placed on the entrance-level floor, unless
the home is equipped with an elevator.

The “bedroom for the disabled or elderly” is capable of responding to various
needs. If there are no occupants with disabilities at first, it can be utilized as an
ordinary bedroom. Meanwhile, this room can also be used for working or learning.
Thus, in Figure 4, the area of this room has been outlined by the broken green line,

Housing site
."IIIIIIICIIIIIlIIIIII.IIIIIIIIIIIIIIIIIIIIIIIIl..
= Areas relating to water use and hot-water supply
i Hygiene-related area : g
: (Toilet, bath, laundry, etc.) Kitchen
.'a-----.-------.--.----- -.--.--------¢-------'II E
jo e 2 . | ntrance
I : ‘b
I Bedroom for Areas for
; thedisabled | working &
j orelderly : learning
L N N B B B . -I
Dining room %
Private area < (LU, L g
(Bedrooms) o
7]
wn
@Q
[&]
<
Green space:
* High ratio of the green space (Parking) e
in the outside area
v
Street
Hygiene-related area Living/dining room and kitchen area

Private area D Area for working and learning

Figure 4.
Concept of spatial planning for sustainable housing.
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as well as colored with yellow. While homes are used, occupants’ number, age, and
health conditions change inevitably. Therefore, housing should have the flexibility
to manage such changing situations. Adaptability to possible future layout changes
contributes to extending housing lifespan and reducing the environmental burden.

3.2.2.4 Accessible route

An “accessible route” means a course on which disabled people and the elderly can
move around easily. As demonstrated in Figure 4, the accessible route should be con-
nected to a bedroom for the disabled or elderly, a toilet and bath area, an area for work-
ing and learning, a living/dining room, a kitchen, an entrance, and the street. Moreover,
if there is parking in the housing site, it should also be linked with the accessible route.
The surface of the passages on the route must be flat or gently sloping. Similarly, the
doorways on the route should have no level differences. Moreover, the passages and
doorways on the accessible route must be wide enough for a wheelchair to pass.

3.2.2.5 Green space

A “green space” is an area with plants, such as trees, shrubs, herbs, and grasses.
Increasing green spaces contributes to environmental preservation, health, and
safety in various ways. First, it mitigates global warming and climate change,
enhancing the sinks of CO,. Moreover, increasing green spaces also mitigate both
urban heat island and urban flooding risks. As implied in Figure 4, extending green
spaces in the outside area of the housing site leads to reducing impervious surface
spaces, typically areas covered with concrete and asphalt. These two factors reduce
urban heat island effects through increasing evapotranspiration and decreasing
heat absorption. Meanwhile, the increase of pervious surface spaces can decrease
urban flooding risks by reducing rainwater runoff.

4. Conclusion

This study showed how to design sustainable housing by employing the system-
control-based methods. Section 2 illustrated the methods with the two diagrams:
(1) the control system for promoting sustainable housing design, (2) the process
of producing and revising sustainable housing design guidelines. Using these
methods, Section 3 demonstrated a concrete process of creating sustainable housing
design guidelines. After identifying global and general problems related to homes, it
specified requirements for sustainable housing design. Subsequently, these require-
ments were converted into a tabular form of “housing elements, variables, and their
desired values.” The completed table has turned out compact “sustainable housing
design guidelines” for general use.

The proposed methods include four significant features: (1) totally visualized
for promoting sustainable housing design, (2) user-friendly, (3) comprehensive,
(4) flexible toward optimization. The first feature originates from the two diagrams
shown in Section 2, namely Figures 1 and 2. These schematizations help under-
stand the whole picture for promoting sustainable housing design.

The second characteristic, “user-friendly,” results from the tabular form of
“element-variable-desired value.” Elements in the table are equivalent to actual
parts of homes. Accordingly, system users can easily compare the design guidelines
with actual homes or drawings. Meanwhile, the third characteristic, “comprehen-
sive,” originates in the understanding about sustainability and housing elements.

As shown in Figure 1, we inclusively examined the sustainability conditions from
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two aspects: environment and well-being. Moreover, when selecting housing ele-
ments, we analyzed homes based on two fundamental factors: material and space.
Consequently, the completed design guidelines could deal with various environ-
mental, social, and economic issues, such as climate change, aging population, and
workplace needs.

The fourth feature, “flexible toward optimization,” results from the process
of revising the design guidelines. As shown in Figure 2, the revision process has
been created by combining the two aspects: (1) updates of related knowledge and
information, (2) feedback from users. Through the updates of related knowledge
and information, the system designers can adapt the design guidelines to deal with
the changing necessities of the situation. On the other hand, the feedback loops
help make the design guidelines more accurate and user-friendly. Therefore, repeat-
edly using that revision process enables the system designers to optimize the design
guidelines to pursue sustainability.

Our future work includes further research and practice on sustainable hous-
ing design. First, following the revision process demonstrated in Figure 2, we are
planning to revise the sustainable housing design guidelines for general use as well
as those for use in Japan. Moreover, we must secure the coordination between the
guidelines for housing design and urban design. Through such future work, we are
aiming to refine the system-control-based methodology for sustainable design.

Author details

Kazutoshi Fujihira
Institute of Environmentology, Inagi, Tokyo, Japan

*Address all correspondence to: fujihira@kankyogaku.com

IntechOpen

© 2021 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.

15



Sustainable Housing

References

[1] IPCC. Climate Change 2014:
Synthesis Report. Contribution of
Working Groups I, II and III to the Fifth
Assessment Report of the

Intergovernmental Panel on Climate
Change. Geneva: IPCC; 2014. 151 p

[2] United Nations Framework
Convention on Climate Change. The
Paris Agreement [Internet]. 2021.
Available from: https://unfccc.int/
process-and-meetings/the-paris-
agreement/the-paris-agreement
[Accessed: 2021-07-18]

[3] Lucon O et al. Buildings. In:
Edenhofer O, et al., editors. Climate
Change 2014: Mitigation of Climate
Change. Contribution of Working
Group III to the Fifth Assessment
Report of the Intergovernmental Panel
on Climate Change. Cambridge. New
York: Cambridge University Press; 2014.
p. 671-738

[4] United Nations, Department of
Economic and Social Affairs, Population
Division. World Population Prospects
2019, Volume I: Comprehensive Tables
(ST/ESA/SER.A/426). New York: United
Nations; 2019. 395 p

[5] Smith S, Rayer S, Smith E. Aging and
disability: Implications for the housing
industry and housing policy in the
United States. Journal of the American
Planning Association. 2008;74(3):289-
306. DOI: 10.1080/01944360802197132

[6] Fujihira K. Requirements for
sustainable housing design. In:

Fujihira K, editor. Sustainable Home
Design by Applying Control Science.
Rijeka: IntechOpen; 2017. DOI: 10.5772/
intechopen.71322 Available from:
https://www.intechopen.com/
chapters/57469

[7] Global Workplace Analytics. Latest
Work-at-Home/Telecommuting/Mobile
Work/Remote Work Statistics

16

[Internet]. 2021. Available from: https://
globalworkplaceanalytics.com/

telecommuting-statistics [Accessed:
2021-08-06]

[8] Great Work Life. 78 Work

From Home Statistic & Trends

in 2021 [Internet]. 2021. Available from:
https://www.greatworklife.com/

work-from-home-statistics/ [Accessed:
2021-08-06]

[9] Fujihira K. Comprehensive strategy
for sustainable housing design. In:
Cakmakli A, editor. Different Strategies
of Housing Design. London:
IntechOpen; 2019. DOI: 10.5772/
intechopen.86278 Available from:
https://www.intechopen.com/
chapters/67084

[10] Osuka K, Adachi S. Approach to
Systems Control (in Japanese). Tokyo:
Corona Publishing; 1999. 177 p

[11] Denton F, Wilbanks T,

Abeysinghe A, Burton I, Gao Q,

Lemos M, Masui T, O’Brien K,

Warner K. Climate-resilient pathways:
Adaptation, mitigation, and sustainable
development. In: Field C, etal., editors.
Climate Change 2014: Impacts,
Adaptation, and Vulnerability. Part a:
Global and Sectoral Aspects.
Contribution of Working Group II to the
Fifth Assessment Report of the
Intergovernmental Panel on Climate
Change. Cambridge, New York:
Cambridge University Press; 2014. p.
1101-1131

[12] Fujihira K. Basic schemes:
Preparations for applying control
science to sustainable design. In:
Fujihira K, editor. Sustainable Home
Design by Applying Control Science.
Rijeka: IntechOpen; 2017. DOI: 10.5772/
intechopen.71325 Available from:
https://www.intechopen.com/
chapters/57401



Sustainable Housing Design: System Control Strategy

DOI: http://dx.doi.org/10.5772/intechopen.100126

[13] Fujihira K. System control for
sustainability: Application to building
design. In: Thomas C, editor. Complex
Systems, Sustainability and Innovation,
Rijeka: IntechOpen: 2016. DOI:
10.5772/65875 Available from: https://
www.intechopen.com/chapters/52736

[14] Fujihira K. Methodology of applying
control science to sustainable housing
design. In: Fujihira K, editor. Sustainable
Home Design by Applying Control
Science. Rijeka: IntechOpen; 2017. DOI:
10.5772/intechopen.71324 Available
from: https://www.intechopen.com/
chapters/57412

[15] Fujihira K. Discussion and
conclusion: Effectiveness,
characteristics and future prospects of
the methodology. In: Fujihira K, editor.
Sustainable Home Design by Applying
Control Science. Rijeka: IntechOpen;
2017. DOI: 10.5772/intechopen.71321
Available from: https://www.
intechopen.com/chapters/57437

[16] Fujihira K. How to design
sustainable structures. In:
Sarvajayakesavalu S, Charoensudjai P,
editors. Environmental Issues and
Sustainable Development. London:
IntechOpen, 2020. DOI: 10.5772/
intechopen.95012 Available from:
https://www.intechopen.com/
chapters/74360

[17] NOAA Climate.gov. Climate change:
Atmospheric carbon dioxide. [Internet].
2020. Available from: https://www.
climate.gov/news-features/
understanding-climate/climate-change-
atmospheric-carbon-dioxide [Accessed:
2021-07-18]

[18] Bergman D. Sustainable Design: A
Critical Guide. New York: Princeton
Architectural Press; 2012. 144 p

[19] Snow M, Prasad D. Climate Change
Adaptation for Building Designers: An
Introduction [Internet]. 2011. Available
from: https://apo.org.au/sites/default/

17

tiles/resource-files/2011-02/apo-
nid72346.pdf [Accessed: 2021-08-06]

[20] Australian Government,
Department of climate change and
energy efficiency. Your Home:
Australia’s Guide to Environmentally
Sustainable Homes, Adapting to Climate
Change [Internet]. 2013. Available from:
http://wwwyourhome.gov.au/housing/
adapting-climate-change [Accessed:
2021-08-06]

[21] European Union. Working Group on
Ageing Populations and Sustainability
[Internet]. Available from: http://
europa.eu/epc/working-group-ageing-
populations-and-sustainability_en
[Accessed: 2021-08-06]

[22] Harding E. Sustainable Planning for
Housing in an Ageing Population: A
Guide for Regional-level Strategies.
London: International Longevity Centre
UK;2008.29 p

[23] Ozanne-Smith ], Guy J, Kelly M,
Clapperton A. The Relationship
between Slips, Trips and Falls and the
Design and Construction of Buildings
[Internet]. 2008. Available from: http://
www.monash.edu/__data/assets/
pdf_file/0019/217342/muarc281.pdf
[Accessed: 2021-08-06]

[24] United Nations. Convention on the
Rights of Persons with Disabilities
[Internet]. Available from: http://www.
un.org/disabilities/documents/
convention/convoptprot-e.pdf
[Accessed: 2021-08-06]

[25] Australian Agency for International
Development. Accessibility Design
Guide: Universal Design Principles for
Australia’s Aid Program. A Companion
Volume to Development for All:
Towards a Disability-Inclusive
Australian Aid Program 2009-2014
[Internet]. 2013. Available from: https://
www.dfat.gov.au/sites/default/files/
accessibility-design-guide.pdf
[Accessed: 2021-08-06]



Sustainable Housing

[26] Australian Government Department
of Social Services. National Dialogue on
Universal Housing Design - Strategic
Plan [Internet]. 2010. Available from:
https://www.dss.gov.au/sites/default/
files/documents/05_2012/national_
dialogue_strategic_plan.pdf [Accessed:
2021-08-06]

[27] Victorian Government of Australia,
Department of Planning and
Community Development. Visitable and
Adaptable Features in Housing:
Regulatory Impact Statement. Victorian
Government of Australia: Department
of Planning and Community
Development; 2009. 190 p

[28] Gratton L, Scott A. The 100-Year
Life: Living and Working in an Age of
Longevity. London: Bloomsbury
Business; 2017. p. 407

[29] Recruit Sumai Company Ltd.
Questionnaire about teleworking and
housing under the situation of the
COVID-19 pandemic (in Japanese).
[Internet]. 2020. Available from:
https://www.recruit.cojp/newsroom/
recruit-sumai/data/upload/07a49f312ad
3ef3t6eb08d2e4dac6f08.pdf [Accessed:
2021-07-22]

[30] D’Amico B, Pomponi F. A
compactness measure of sustainable
building forms. 2019; R. Soc. open sci. 6:
181265. DOI: http://dx.doi.org/10.1098/
rs0s.181265

[31] Fujihira K. Case study: Detached
house designed by following the control
system. In: Fujihira K, editor.
Sustainable Home Design by Applying
Control Science. Rijeka: IntechOpen;
2017. DOI: 10.5772/intechopen.71323
Available from: https://www.
intechopen.com/chapters/57400

[32] National Institute of Building
Sciences. Whole Building Design Guide:
Windows and Grazing [Internet]. 2016.
Available from: https://wwwwbdg.org/
resources/windows-and-glazing
[Accessed: 2021-07-22]

18

[33] State of New York, New York State
Energy Research and Development
Authority, University at Buffalo School
of Architecture and Planning. Climate
Resilience Strategies for Buildings in
New York State. [Internet]. 2020.
Available from: http://archplan.buffalo.
edu/content/dam/ap/PDFs/NYSERDA/
Climate-Resilience-Strategies-for-
Buildings.pdf [Accessed: 2021-07-22]

[34] Interstate Mercury Education and
Reduction Clearinghouse (IMERC).
IMERC Fact Sheet: Mercury Use in
Lighting [Internet]. 2015. Available
from: http://www.newmoa.org/
prevention/mercury/imerc/factsheets/
lighting_2015.pdf [Accessed:
2021-08-06]

[35] Gooley ], Chamberlain K, Smith K,
Khalsa SB, Rajaratnam S, et al. Exposure
to room light before bedtime suppresses
melatonin onset and shortens melatonin
duration in humans. Journal of Clinical
Endocrinology & Metabolism. 2011;
96(3):E463-E472. DOI: https://doi.
org/10.1210/jc.2010-2098

[36] Harvard Health Publishing. Blue
Light has a Dark Side: What is Blue
Light? The Effect Blue Light has on Your
Sleep and More [Internet]. 2020.
Available from: https://www.health.
harvard.edu/staying-healthy/blue-light-
has-a-dark-side [Accessed: 2021-08-03]



