


stimulation from the surrounding environment, stimulation due to natural change, comfort, etc. These are

weighted to obtain an overall evaluation.

Figure 4 shows an example of an
evaluation that was attempted with evaluation
by an evaluation index scheme that takes
human sensitivity into account and CASBEE
assessment on the two axes. It is considered
that both good “environmental assessment by
CASBEE” and good “index evaluation taking
into consideration human sensitivity” is
desirable. On the other hand, it is expected
that the required rank or grade will vary
depending on the building type, the charactor
of the building, and the requirements of the
owner. Also, it is considered that in the future
the creation of buildings with still higher
evaluation for both indices will become the
target.

4. Conclusions

(1) For assessment tools, the pursuit of ease
of understanding and explanation of the
benefits are important. It is required to
clearly demonstrate the CO, emission
performance and the evaluation of global
warming measures. Then to explain in an
easy to understand manner the economic
benefit, the productivity benefit, the direct
effects for buildings of each type.

(2) It is necessary to introduce productivity for
assessment tools. Especially, space and
environment to stimulate knowledge
creation is required and measurement
method is the task for the future.

(3) Indices for universal design evaluation
taking human sensitivity into account
should be studied at present and in the
future.
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Table 3 Main items for evaluation indices taking
human sensitivity into consideration (proposed)

Base of sense  Stimulation from the surrounding environment
Stimulation from natural change
Trigger from acts of movement
Take into consideration Comfort
Sense of hearing Natural sound

Sound sensible to a person

Sound of space
Sense of touch  Skin touch
Sense of walking
Sensing with hands and feet
Sense of sight  Texture feeling of materials
Light and shade of space
Extent of space
Sense of smell  Natural smells

Smell of materials

Smell of place

Evaluated results by indices taking human sensitivity
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Summary

This paper analyzes the community environment and its characteristics in Chinese towns, discusses main
targets, basic principles and environmental considerations associated with liveable community construction in
towns. It sets up the life cycle process of liveable community construction which includes four stages:
planning and design, buildings construction, operation and management, and building dismantlement. A
construction technology system composed of four sub-systems is also established: 1) technologies of
ecological environment planning; 2) technologies of environmental protection; 3) technologies of water and
energy-saving, waste reduction and reuse; 4) technologies of recyclable materials.

Based on two previous national key R&D programs of our research team funded by Ministry of Science and
Technology, P.R.C, the paper introduces four typical construction demonstrations for liveable communities in
towns in different areas, and formulates the application of community construction technology system and
eco-efficiency evaluation in Yanhe eco-village as a case study.

The paper formulates the concept of eco-efficiency of liveable community construction, suggesting that
eco-efficiency can be evaluated by the ecological capacity control indicator (ECCI) and the ecological
footprint method. ECCI is established to indicate the integrated ability and ecological capacity of each control
factor of ecological capacity of liveable communities, and the evaluation framework of ECCI - composed of a
three-level indicator system - is set up. Applying this evaluation indicator system to case studies, we
compared the liveability of communities between Mulan town and Huazhuang town, and performed the
integrated evaluation of eco-efficiency for community construction.

It is concluded that the construction development of communities in Chinese towns should be liveability-
oriented, that this should be prioritized over the entire building life cycle, the eco-efficiency evaluation method
should be applied during the process, and the key issues and targets should be clarified in the development of
the eco-efficiency evaluation method.

1. Community Environment in Chinese Towns

1.1 Development in Chinese towns

In China, town refers to all settlements with a larger area than a village and usually smaller than a city.
According to China's current standards for administrative towns formulated in 1986, a town can be recognized
if it includes a county government and has a non-agricultural population of more than 2,000.

In China's urbanization process, towns have been developing rapidly and continuously. From 1978 to 2006,
the number of towns increased from 2173 to 19369; the total population in cities and towns soared from 170
million to 577 million; the urbanization rate grew from 17.9% to 43.9%. In 2006, non-agricultural population in
towns exceeded 200 million, and the development of sustainable communities in towns became the focus in
the process of China’s urbanization. Meanwhile, the communities in towns have formed a unique community
construction environment which is different from that in big cities and rural areas.
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1.2 Characteristics of community environment in towns
Compared with big cities, community environment in towns has the following four characteristics:

(1) Most residents in towns are rural population. Agricultural population accounts for about 65.3% of the total
population in towns.

(2) The density of population in towns is comparatively small. Apart from economically developed areas,
farming land takes up a large proportion of the town's total land. In China, the per-capita area in towns is
nearly 5.5 times that of big cities.

(3) Community environment in towns has distinctive characteristics. China is a multi-nationality nation with a
vast area where the diversity in the natural resources supply, geography and climate, customs, economic and
social development levels lead to community environments of different characteristics.

(4) Ecological environment of communities in towns is very fragile. Community environment is easily
influenced by pesticide pollution, excessive land development, industrial pollution from factories development,
and biodiversity reduction due to the damage to the original ecological environment, etc. Compared to large
cities, the ecological environment of towns is more vulnerable due to inadequate environmental protection
measures.

2 Construction Technology System for Liveable Community in Towns

2.1 Liveable community in towns

The Ministry of Housing and Urban-Rural Development of China (MOHURD) announced the Scientific
Evaluation Criteria for Liveable City (CSUS, 2007), which defines liveable city as "the settlements with good
living and space environment, good humanity and social environment, good ecological and natural
environment, and clean and efficient production environment’. Liveable city has the following six
characteristics in China: social civilization, economic prosperity, beautiful environment, resource capacity,
convenient life and public safety. Leadership in Energy and Environmental Design for Neighborhood
Development (USGBC, 2002) gives quantitative evaluation criteria for green building within communities, in
terms of sustainable sites, water efficiency, energy and atmosphere, etc.

Currently, basic liveability factors of community in towns in China should include physical, spiritual and
environmental factors (Hua, 2006), which are reflected in civilized community, excellent environment,
abundant life, energy-saving and environmental friendliness, safety and comfort.

2.2 Construction technology system and eco-efficiency evaluation of liveable community

Sustainable resource utilization, sustainable economic growth, sustainable environmental improvement and
sustainable social justice should be adopted as the basic principles for liveable community construction in
towns. Resource and energy-saving, environmental protection, human-orientation, and resource integration
should be promoted in community construction and operation so as to form a high-efficiency and low-energy
construction model with low pollution, ecological balance and comfortable living.

Construction of liveable communities in towns would be prioritized over the whole building life cycle process.
It can be divided into four stages: planning and design, building construction, operation and management and
building dismantlement. The related construction technology system and eco-efficiency evaluation includes: 1)
technologies of ecological environment planning; 2) technologies of environmental protection; 3) technologies
of water and energy-saving, waste reduction and reuse; 4) technologies of recyclable materials.

The Construction Technology System and Eco-efficiency Evaluation of Liveable Communities in Towns
(CTSEELCT) is shown in Figure 1.

2.3 Construction and demonstrations of liveable communities in different areas in China

China is a vast nation with different economic and social development levels and different natural resources.
According to the geological positions and economic development levels, communities in towns of China are
divided into several classes in this paper: economically developed communities in eastern and southern
coastal areas, ecological communities in central areas, folk-style communities in western areas and
communities in cold northern areas. Four typical construction demonstrations for liveable communities in
towns in different areas are shown in Figure 2.
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Construction Technology System and Eco-efficiency Evaluation of Liveable Communities in Towns

Figure 1
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Figure 2  Construction demonstrations for liveable communities in towns in different areas in China

From 2005 to 2006, our research team at Huazhong University of Science and Technology (HUST) undertook
two key R&D programs funded by Ministry of Science and Technology, P.R.C (MOST): “Study and
Demonstration on Construction Techniques of Eco-building”, and “Study and Demonstration on Key
Construction Techniques for Ecological and Energy-saving Community in Towns". Several demonstration
communities have been constructed in Huazhuang town (Jiangsu province), Zhuanghu village in Huairou
district (Beijing), Weihushan scenic spot in Hailin city (Heilongjiang province), Hongtuya town in Baishan city
(Jilin province), Mulan town in Wuhan city (Hubei province) and Yanhe eco-village in Wushan town (Hubei
province). We have successfully applied the above technology system and eco-efficiency evaluation in these
construction demonstrations.

An application of CTSEELCT in Yanhe eco-village construction is shown in Figure 3.
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Master plan of village Eco-village planning
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Refuse collection Application of solar-lamp Application of marsh gas Sewage disposal pond

Figure 3  Application of CTSEELCT in Yanhe eco-village construction

3 Eco-efficiency Evaluation of Liveable Community in Towns

This paper evaluates the eco-efficiency of liveable community in towns by ecological capacity control indicator
(ECCI) and ecological footprint through the demonstration projects. ECCI indicates the controlling level of
environmental capacity of liveable community construction in towns, whereas ecological footprint evaluation
reveals the eco-share ratio of towns. The eco-efficiency can be deduced from comparison of the results,
which can also indicate the measures necessary to improve the condition of liveable community construction.

3.1 Eco-efficiency of liveable community construction

The concept of eco-efficiency is to promote the minimization of environmental impact of production processes.
The World Business Council for Sustainable Development states that “Eco-efficiency is reached by the
delivery of competitively priced goods and services that satisfy human needs and bring life quality, while
progressively reducing the impacts to environment and resource intensity throughout the life cycle to a level at
least in line with the earth's estimated carrying capacity.” (NRTEE, 2001).

Eco-efficiency of liveable community construction means that all the activities in the life cycle process,
including planning and design, building construction, operation and management and building dismantlement,
should have minimized ecological impact.

The eco-efficiency of liveable community construction can be evaluated by ECCI and ecological footprint
method.
3.2 Ecological capacity evaluation of liveable community construction

The paper analyzes and evaluates the ecological capacity of two types of communities in towns by
eco-efficiency evaluation. One is an ecological community beside mountains and rivers in central area in
Mulan town of Wuhan city, the main income source of which is eco-tourism; the other is a community in an
economically developed area of southeast in Huazhong town, relying on industry for income.

3.21 Evaluation of ecological capacity control indicator

According to the CTSEELCT, the paper establishes the ecological capacity control indicator (ECCI) so as to
indicate the integrated ability and ecological capacity of each control factor of ecological capacity of liveable
communities.

The evaluation framework of ECCI can be classified into a three level indicator system.

The first level is ECCI. The greater the value of ECCI, the better the control ability of ecological capacity, and
the better the corresponding comments. The classification and comments of ECCI are shown in Table 1.
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Table 1 Level I: ECCI - Classification and Comments

Classification ECCI Comments
1 >0.75 Very Good
2 0.50 ~ 0.75 Good

3 0.35 ~ 0.50 Middle

4 0.25 ~ 0.35 Low

5 <0.25 Worse

Formula of ECCI is as follows:

ECCI:ZHZV,.WI. (1)

i=1

Where:

V; denotes the second level indicator value; ;denotes its weight calculated by Analytic Hierarchy Process
( AHP); n denotes items of second level indicator (Ministry of Environmental Protection of China, 2002).

The second level is ecological capacity control and evaluation indicator, including four sublevels: population
capacity, land capacity, resources capacity and waste treatment capacity.

The third level is detailed evaluation indicator for ecological capacity which including 21 sub-indicators.
Evaluation indicator system of ecological capacity in towns is shown in Table 2.
Table 2 Evaluation Indicator System of Ecological Capacity in Towns

Level I Level I Level 11 Level III

C4 Natural population growth
rate

C41 Energy efficiency

C, Population density C42 Comprehensive grain

Population production capability
capacity C; Proportion of non-agricultural | Resources C.. Per capita fresh water
B, population capacity 13 P
C, Employment rate Bs Cu Enle.rgy consumption of per
million yuan of output
Cs per capita GDP C45 Energy-saving efficiency

C+s Renewable energy

Cs Per capita arable land utilization rate

C; Water area C,7 Wastewater treatment rate

Cs Per capita built-up area Cis Er)gtr:estlc refuse treatment
. Waste C19 Percentage of

Land cI:Bapacﬂy Cy Forest coverage rate treatment environmental protection
2 capacity input in GDP
B4 Cyo Per capita green area in

C1o Development available built-up areas

wasteland C,1 Comprehensive utilization

rate of straw

Using the above evaluation indicator system, we were able to compare the case studies of Mulan town and
Huazhuang town.

The comparison of ECCI in Mulan town and Huazhuang town with the Affordable Standard of Towns in China
(ASTC) is shown in Figure 4.
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Figure 4  Comparison of ECCI in Mulan town and Huazhuang town with ASTC

The comparison of ecological capacity control factors of Mulan town and Huazhuang town with ASTC are
shown in Figure 5.
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Figure 5 Comparison of ecological capacity control factors in Mulan town and Huazhuang town with ASTC

According to the above analysis, we can find:

1) Most of the ecological capacities of Mulan and Huazhuang are lower than ASTC, but the population
capacity in Huazhuang is higher than Mulan and ASTC. This is because Huazhuang, as an economically
developed town, can offer more employment and the people there are richer.

2) The land capacities in Mulan and Huazhuang are somewhat lower than ASTC, which indicates that both
towns lack land resources.

3) The resource capacities of Mulan and Huazhuang are close to ASTC, because resources supply in both
towns is from the outside. Therefore, it is very important to improve the efficiency of energy usage and
promote the use of renewable energy for sustainable development of two towns.

4) The waste treatment capacities of the two towns are different. Huazhuang, the developed town, pays more
attention to environmental protection, as the indicators of green ratio, air condition, noise, cleaning rates of
waste gas and water, rate of multipurpose utilization of solid waste all approach the ASTC benchmark. In
Mulan, a town of abundant ecological environmental resources, the indicators of cleaning rate of waste water
and solid waste are much lower than ASTC. Therefore, measures to improve planning and construction for
liveable communities have been taken in Mulan.

3.2.2 Ecological capacity evaluation of community

Taking the eco-footprint method, the eco-share ratio, the per capita ecological footprint and the per capita
ecological capacity of Mulan town and Huazhuang town were evaluated.

1) Evaluation of eco-share ratio. Eco-share ratio was 80.00% in Mulan and 226.1% in Huazhuang in 2005.

2) Evaluation of per capita ecological footprint and per capita ecological capacity. The comparison of per
capita ecological footprint between Mulan and Huzhuang in 2005 is shown in Figure 6, and the comparison of
per capita ecological capacity between Mulan and Huzhuang in 2005 in Figure 7.
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Figure 7 Comparison of per capita ecological capacity between Mulan and Huazhuang in 2005

3.2.3 Integrated evaluation of eco-efficiency for community construction
(1) The integrated evaluation outcome

If the eco-share ratio of community is lower (or eco-capacity is higher), but the control ability of environmental
capacity (ECCI) of community is higher, then the eco-efficiency of community is higher, and the liveability in
this kind of community is better. But when the results of these two data are conflicting, the eco-efficiency
should be deduced from ECCI.

(2) Comparison of eco-efficiency
1) Eco-share ratio: The eco-share ratio in Mulan town is 0.8000 while that in Huazhong town is 2.2610.

2) ECCI: ECCI in Mulan town is 0.4049 while that in Huazhong town is 0.6325, but both are lower than ASTC.
The eco-efficiency of Huazhong is higher than that in Mulan, i.e. the community of Huazhong is more liveable
than that of Mulan.

3) Control ability of eco-capacity: Huazhong is a developed town with higher employment rate and GDP than
that of Mulan, so the population capacity of Huazhong is higher than that of Mulan. Therefore, the control
ability of eco-capacity of Huazhong is higher than that of Mulan.

4) Economic development factor: Economic development is a very important factor to improve environment
for liveable community in towns.

4 Conclusions

(1) The construction development of communities in towns of China should be liveability-oriented. The five
developing principles should be followed: civilized community, excellent environment, abundant life,
energy-saving and environmental friendliness, safety and comfort.

(2) The liveable community construction should be prioritized over the whole life cycle process. The four
stages of the process are planning and design, building construction, operation and management, and
building dismantlement. The related construction technology system should be developed and promoted in
this process.

(3) The liveable community construction should apply the eco-efficiency evaluation method. There are many
different and unique characteristics of community construction in towns of China. Therefore, to establish the
eco-efficiency evaluation method is beneficial for guiding and promoting the liveable community construction.

(4) The key issues and targets should be clarified in development of eco-efficiency evaluation method. The
key to develop eco-efficiency evaluation technology of liveable community in towns is to improve the
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eco-capacity evaluation system. The aim of eco-efficiency evaluation is to lead the liveable community
construction in towns of China in a more sustainable way.
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Abstract

Australia is currently riding on a resource boom, thanks to the economic development of its northern
neighbors. This demand and the country's own growing economy and population, has resulted in an
unprecedented scale of infrastructure upgrade and new development in many states across Australia. Road
and highway construction often leads other infrastructure development. Under the public awareness on
sustainability and due to their impact on the environment, road infrastructure projects put pressure on all
stakeholders, including local, state and federal governments, to look for economically feasible, socially viable
and environmentally responsible project outcomes. This calls for the adoption of sustainability principles
through project delivery. Literature study and consultation with some professions of the industry found that
there is an absence of common understanding on what constitutes sustainability in the infrastructure context.
Its priorities are often interpreted differently among stakeholders. As a result, policies on sustainability
remain largely ideological and are often not realized to the full potential through actual project delivery.

A research is being conducted to identify the common perceptions and expectations by different
stakeholders towards achieving sustainability in road and highway infrastructure projects. Face to face
interviews on selected representatives of these stakeholders were carried out in order to select and
categorize, confirm and prioritize a list of sustainability performance targets identified through literature and
past research. This effort is being followed by a Delphi study with the assistance of industry professionals
and academic experts, which will further consider the interrelationship and influence of the sustainability
indicators. By identifying and integrating different perceptions and priority needs of the stakeholders, coupled
with the identification of key sustainability indicators and solutions for critical issues in subsequent
development stages, a set of decision-making guidelines can be developed to help promote and drive
tangible sustainability agenda in road and highway infrastructure projects.

1. Introduction

Australia is currently in the grip of buoyant national economy. A few catalysts have contributed to this
growth, surge in resources export, substantial foreign investments and increased population, to name a few.
These development patterns have coupled with improved living standards and growing societal expectations,
which in turn caused an unprecedented demand for infrastructure development.

Road and highway construction often leads other types of infrastructure development. Substantial and
comprehensive transport networks are critical to the booming mining, mineral processing and export
industries. The fact that the majority of the population lives outside the greater metropolitan areas of
Australian capital cities and growing regional communities adds further pressure to the already bottle-neck
situations on roads and highways.

Having recognized the potential as well as impending hindrance to the economy if the problems of
inadequate roads infrastructure worsens, the Australian government is committed to build, improve and
upgrade. With increasing public concern over the environment, it is also natural to expect that any
infrastructure development is integrated with the concept of sustainable principles, as it will not only bring
about economic gains, but also social and environment benefits for which large infrastructure developments
are held accountable.
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Although in an ideal sense the principles of sustainability should drive road infrastructure development, many
stakeholders can be involved in the process and this has seemed to complicate the matter. Different
disciplines are unwilling or unable to consider the views represented by others because there is no common
language place (Lombardi and Brandon, 1997). Different individuals and organizations have expressed
different perceptions and definitions of sustainability (Shelbourne, et al., 2006). The fragmented and diverse
business nature of the industry accounts for such scenarios, which are exacerbated by the adversarial
cultures within the industry (Chan et al., 2005). As a result, policies on sustainability often remain largely
ideological and are often not reflected in the actual project delivery. Without common understanding among
these stakeholders, achieving sustainability outcomes in road infrastructure projects remains a formidable
task.

2. Overview of Australian Infrastructure Industry

Integral to the Australian building and construction industry, infrastructure development is an engine of
growth driving its national economy. The infrastructure industry has direct impact on Australian’s well-being
and progress by providing roads and highways, water and electrical supply and communication essential for
daily living and business operations. The industry has a significant influence on the effectiveness and
efficiency of other industries to compete locally and in global market and provides for a myriad of support
businesses (CRC for Construction Innovation, 2006). Infrastructure development is both critical and
inevitable.

The demand on Australian infrastructure development is constantly on the rise. This is being fuelled by
strong economic position with substantial foreign investment in the country and increased global demand for
resources and energy particularly from neighboring countries, general prosperity with improved living
standard, population growth and major migration which calls for greater infrastructure needs. Moreover,
Australians have become used to high standards of infrastructure and their expectations will continue. This is
becoming a major concern as new capital works still predominate in the public mind and the renewal of
existing infrastructure is often taking for granted by the general public (Burns et al., 1999).

An analysis conducted by the Commonwealth of Australia (1999) on Australian building and construction
industries revealed that the engineering construction market segment is employing 35,600 people (4.8% of
the total industry’s employment) with approximately 3100 firms. Given the booming economy, it is expected
to rise. The engineering construction market segment is mainly engaged in engineering or infrastructure
projects such as railways, dams, roads and bridges, major pipelines and eletricity and other utilities
infrastructure.

The resources-led boom, particularly in Western Australia and Queensland, has resulted in high pressure on
infrastructure. In Queensland, it is reported that the state government will invest over AUD$ 82 billion in the
next 20 years under an ambitious infrastructure program, to cover four main types of infrastructure demands.
(Table 1). Large projects which is over AUD$ 1 billion in value each will take up almost AUD$20 billion in that
AUD$82 billion as a whole (Queensland Government, 2007). Road, rail and public transport infrastructure
that top the list account for over 60% of the total investment.

Table 1: Infrastructure Spending for Queensland for 2007-2026.

TYPE OF INFRASTRUCTURE INVESTMENT VALUE (AUD$’billion)
1. Road, Rail and Public Transport 50.78
2. Energy Networks 16.00
3. Social and Community 8.00
4. Water Infrastructure 7.50
Total 82.28

The geographical widespread of Australia and its necessary decentralized economic and social development
means substantial transport network is required for its own mobility and for movement of a vast range of
goods and services, and their providers, to meet its needs. From employees accessing their workplaces,
students traveling to and from schools, and families going for weekend leisure outings, our society places
enormous demand on road infrastructure to move people about in a safe, timely, efficient and
environmentally friendly manner.

As these infrastructure systems experience unprecedented demand for both new built and regeneration,
disturbances to human life and the ecosystem can be resulted. Therefore, enhancement of sustainability in
infrastructure development is crucial in order to ensure minimal impacts to the environment, social and
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cultural aspects of a community and at the same time, achieve economic outcomes. To do so, integrating
sustainable principles in infrastructure development by respective stakeholders is the only way forward.

3. Stakeholders in Road Infrastructure Projects

Road infrastructure development is complex. This is due to the large scale and use of huge resources that
characterizes the nature of its development. Necessarily, it involves multiple parties to undertake the multi-
faceted development as ‘stakeholders’. In general, stakeholders are individuals or organizations that are
either affected by or affect the development of the project; and therefore, capturing their input is a crucial
component of the project development process (EI-Gohany et al, 2006).

Infrastructure stakeholders span a wide spectrum of people and organizations, bringing together a vast a
array of skills as well as disciplinary capabilities necessary for the implementation of infrastructure projects.
El-Gohany et al. (2006) categorized infrastructure stakeholders into three types:

e Responsible Stakeholder refers to an organization or individual who has some degree of responsibility or
liability with regard to the development process;

o An Impacted Stakeholder refers to an organization or individual who is directly or indirectly affected by
the development process; and

o An Interested Stakeholder refers to an organization or individual who is not directly impacted by the
project, but who would like to participate and provide his opinion in the infrastructure development
process.

Adapting from the above, for this research, the definition on stakeholders is expanded to identify the various
stakeholders in road infrastructure projects development, as below:

Road Infrastructure
Project Stakeholders

Responsible An Impacted An Interested
Stakeholder Stakeholder Stakeholder
| | |
- Clients - Residents - Social Institutions
- Government Dpt. - Users - Environmentalists
- Project Managers - Owners - Researchers
- Engineers - Local and Regional - Sociologists
- Designers Community - Economists
- Town Planners - Cultural Heritage - Community
- Contractors Consultants
- Suppliers - Media
\ 4 \ 4 \ 4
Objective: Sustainable Road Infrastructure Development

Figure 1: Road Infrastructure Project Stakeholders

Depending on their professional requirements and business nature, they enter the competitive infrastructure
market with specific drive. Different stakeholders have different levels and types of investment and interest in
construction project (Newcombe, 2003). It is important for the project's objectives to mesh with its
stakeholders’, and that they continue to fit with stakeholders’ strategic interests as the project evolves,
conditions vary and the interdependencies of key systems, stakeholders and their objectives change (Morris,
1994). Failing to realize this would potentially jeopardize the project objectives and its smooth
implementation. Successful completion of construction projects is therefore dependent on meeting the
expectation of stakeholders (Cleland, 1995).

Each stakeholder is motivated by their own interests. As a result, their perceptions on what constitutes
sustainable road infrastructure development vary accordingly. Often, they perceive from their own point of
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benefits and priorities. Therefore to achieve infrastructure sustainability, understanding their varying
perceptions and needs and integrating them into the design and delivery of road projects becomes crucial.

4. Defining Sustainable Road Infrastructure Projects

A research project is being done in Queensland to develop integrated decision-making guidelines for the
improvement of sustainability outcomes in infrastructure projects. The on-going project employs a
combination of face-to-face interviews with industry professionals, a Delphi study among experienced
practitioners and academics, and case study techniques to collect expert opinions as well as real-life project
information.

The project began by interviewing 20 targeted senior representatives within the collaborating infrastructure
stakeholders in Queensland, Australia. Many have the experience of working with all professions
represented in this group and even with each other (businesses) as partners of major consortiums for large
projects in Queensland, interstate and in some cases, overseas. They comprise of government departments,
financier/banks, environmentalists, community consultants, contractor/builders, designers, engineers, project
managers, town planners and cultural heritage experts. Collectively, these high-ranking professionals
possess a wealth of experience in a diverse range of infrastructure projects such as roads and highways,
rails, seaports, airports and dams. However, the interview was specific on roads infrastructure development.

Literature studies have helped the compilation of over 16 categories and 300 sustainability sub-indicators
overall. This long list reduced to 10 categories and around 200 sub-indicators through the interview as the
most appropriate and applicable under local conditions. The triangulation of interview results provided an
overall picture of sustainability in relation to roads infrastructure development in Australia. Table 2
summarizes the findings on sustainability priorities and indicators:

Table 2 Sustainable Roads Infrastructure Indicators

NO. | SUSTAINABILITY INDICATORS SUB-INDICATORS
PRIORITIES
1. INSTITUTIONAL Appropriate Guidelines control, National sustainable development strategies,

Development Control Environmental Impact Assessment, Program of integrated
environmental and economic accounting.

Legislative Requirements Policy/ strategy match, Match design standard with project
function, Compliance with contract document & project
specifications, Compliance with environmental legislation.

2. ENVIRONMENT Land Use Extent of loss of habitat and feeding grounds, Extent of erosion

and sediment, Maintain good agricultural land.

Soils/Topography/Geology

Soil types and erosion risk, Reuse of topsoil, Minimize soil
disturbance.

Water Quality

Maintain water quality in water bodies, Polluted run-off control in
construction site, (eg. spills, heavy metals, hydrocarbon etc.),
Impact on downstream environments & groundwater resources,
Sensitivity of surrounding water bodies and receiving
environments, Water consumption.

Hydrology/Hydraulics

Maintain catchment integrity, Preserve drainage pattern, Retain
flood ameliorating areas (eg. wetlands).

Air Quality

Reducing greenhouse emissions, Dust from construction site

Noise and Vibration

Potential increase in noise in future, Acceptable level of noise on
site.

Ecology

Habitat protection, Reprovision of habitat, Maintain canopy
connectivity, Minimize fragmentation of species populations (eg.
habitat loss and isolation), Maintain under-storey habitat
connectivity, Plant recovery, stored for later introduction to the
site.

Visual Impact

Visually prominent areas, Areas of natural and cultural

significance, Contributing factors to scenic quality.
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Waste Management

Reducing and avoiding generation of wastes, Resource
recovery (eg. reusing and recycling wastes), Conservation of
highly valued resources, Site clean up, Waste disposal at
approved disposal site.

Vegetation Management

Vegetation protection and conservation, Preserve existing
riparian vegetation at creek, Impact to significant flora species,
Re-vegetation treatment and maintenance, Regeneration of
native flora.

Fauna Management

Impact to fauna populations & species, Impact on fish (eg. fish
habitat, fish passage), Presence of forested habitat areas,
wetlands and water bodies, Creation of fauna habitat, Fauna
fencing and underpasses, Provide dispersal routes/wildlife
corridors/crossing points, Provide compensatory habitat, Weed
invasions, Connectivity of wildlife corridors, Connectivity of
fauna corridors (eg. canopy bridge).

Erosion Management

and Sediment Control

Permanent control, Temporary control.

Temporary Site

Site camps away from natural areas, Site camp hygiene and

Management cleanliness, Energy consumption.
ECONOMIC Direct Cost Life cycle cost (eg. Initial Cost, Capital cost, Operation cost,
Maintenance cost)
Indirect Cost Resettling cost of people, Rehabilitating cost of ecosystem/
environmental cost, Adverse impact on tourism values.
Revenues User fees, Reserve funds, Private sector investment (eg. PPP).
SOCIAL
& CULTURAL Cultural Heritage Indigenous  heritage, Shared and natural heritage,
Artifacts/archaeological site, Documentary records and works of
art.
Public Access Reduce commuter times, Distance from public access,
Pedestrian/cycle/vehicle access, Suitability in ease of access,
Provision of scenic routes, Provision of recreational facilities (eg.
lookouts, picnic areas etc), Travel mode choice.
RESOURCE
UTILIZATION Site Access Routes for construction traffic, Controlled site access to

& MANAGEMENT

legitimated traffic, Vehicles wash down before & after leaving
the site.

Material Availability

Use of local materials, Availability of construction material.

Type

Prefabricated material, Innovative material.

Constructability

Early contractors’ involvement

Reusability

Re-cyclability of materials, Reusability of moulds and formworks
etc.

Quality Assurance

Ease of quality control

HEALTH

& SAFETY Occupational Short-term health (eg. spread of disease, cleanliness of site etc),
Long-term health (eg. respiratory duct disease, permanent
deafness etc), Accidents, injuries and fatalities etc.,
Management system (eg. policy, program etc), Construction
working time.

Public Road safety, Hazardous goods.
PROJECT Contract Type of contract, Inclusion of sustainability clauses, Project
MANAGEMENT duration, Incentives for meeting sustainability performance,

Penalties for non-compliant operations, Project Risk, Auditing.

Procurement Method

Approach/criterion towards contractor, Choice of delivery system
(eg. Alliance, design-build etc), Experience in environmentally
sensitive works as prequalification requirement, Documented
and implemented environmental due diligence system.

Training and Education

Pre-start training courses as part of condition of contract,
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Training program for new, replacement and temporary staff.

8. RELATIONSHIP Responsible Stakeholders | Clients, Government Departments, Project Managers,
MANAGEMENT Engineers, Designers, Town Planners, Contractors, Suppliers
Impacted Stakeholders Residents, Users, Owners, Local and Regional Community,

Cultural Heritage.

Interested Stakeholders Social Institutions, Environmentalists, Researchers,
Sociologists, Economists, Community Consultants, Media.

9. PUBLIC Public Governance Public viability & impact, Early community/public consultation,
GOVERNANCE Social Impact Assessment, Open assessment, Appropriate links
&COMMUNITY for communities, industry and other infrastructure amenities.
ENGAGEMENT Community Involvement Local communities’ involvement, Support existing social

campaigns, Community awareness in environment, Community
acceptance, Responsibility.

10. | ENGINEERING Performance Carrying capacity, Durability, Reliability, Resiliency, Robustness,
Adaptability.

Ten sustainability priorities for roads infrastructure projects were identified. While four were the so-called
traditional sustainability components (institutional, environment, economic, and social and cultural), six were
road infrastructure project specific components (resource utilization and management, health and safety,
project management, relationship management, public governance and community engagement, and
engineering issues). To obtain measurable outcomes, each component was categorically broken into related
indicators and sub-indicators. Each sub-indicator represents issue to be addressed in order to achieve
sustainability deliverables in roads infrastructure projects.

The interviews have also yielded stakeholder responses towards the driving factors for them and their
businesses to engage in sustainability issues in infrastructure (Table 3). It is interesting to note that contrary
to previous belief that the construction sector are mainly ‘forced’ to accept responsibilities towards
sustainability due to external pressure, there have been considerable elements of internal volition, which
motivates the individuals and businesses to take on the challenge. How to use this improving self-esteem to
uplift the general take-up rate on sustainability measures at all fronts will prove to be an interesting and
important aspect of new research.

Table 3 Drivers and motivation of stakeholders towards infrastructure sustainability

SOURCE CATEGORY ELEMENTS
Global pressure Concerns on climate change, global warming and other environment
disasters; call by UN and world organizations
External Government requirements Complying to government legislations, contract documents and project
specifications
Pressure Business survival Sustainability is currently being seen as a new cutting-edge business
commaodity; Keeping up with latest market trends
Human survival Ensure long-term survival of human beings; Concepts of “the earth,
Internal our home” “our common humanity”, and “our common future”
Volition Community expectation Community as the major stakeholder; Used to high quality of
infrastructure due to improved standard of living
Individual volition Proud be to good citizen; Education and training, and up-bringing has
direct impact on individuals taking up sustainability initiatives
voluntarily

Based on the initial list of sustainability indicators as presented above, a Delphi study is being conducted to
further identify key sustainability indicators in terms of strengths, along with identifying the critical issues that
impede on infrastructure sustainability initiatives and the possible relationships among them. The list of key
sustainability indicators and critical issues identified through the Delphi study will reflect the consensual
opinions of a group of highly experienced and regarded industry professionals and academic experts on both
the theory and practice aspects of infrastructure sustainability in road projects. While not meant to be
exhaustive, the list will serve as a basis for finding solutions for the critical issues identified in a defined
context.
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By integrating the different perceptions and priority needs of the stakeholders, identifying and applying key
sustainability indicators and solutions for critical issues, a set of integrated decision-making guidelines for
enhancing sustainable deliverables can be expected for the promotion and implementation of sustainability
strategies in projects delivery processes.

5. Conclusion

Australia is currently experiencing unprecedented infrastructure demands especially on roads and highways
construction to sustain its buoyant economy and general prosperity. The incorporation of sustainability
principles in the infrastructure development is a crucial element to ensure economically feasible, socially
viable and environmentally responsible project outcomes. Thorough understanding on different perceptions
and priority needs of various stakeholders and ways of working with and integration these differences should
be an imperative step leading to sustainability engagement for mutual benefits of stakeholders. It will also be
vitally important, as proved in this research, to establish key sustainability indicators and identify critical
issues that may guide sustainability initiatives through project delivery. The list of key sustainability indicators
under ten sustainability priorities specific to roads infrastructure development will serve as a starting point for
finding solutions of dealing with sustainability in this particular type of projects. A framework of integrated
approaches to decision-making will be necessary for the practical implementation of sustainability strategies
in road infrastructure projects.
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energy). Life time needs life energy. The human being must expend body energy constantly to get his
existence and to keep the proportion of food supply and food consumption. By that humans spend a certain
percentage of the average available body energy per day for the mobility. Therefore time (time constancy) is
only an indicator for a cause lying behind this, namely the constant budget of expendable body energy.
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Figure 1:  Comparison between parts of mobility based on body energy (pedestrian, cyclist, public
transport user) and energy consumption respectively emission of exhaust gasses, source:
World Statistic Yearbook

The figures show that a number of different essential traffic-orientated parameters actually show significant
connections in the intercontinental comparison. These connections, however, can if needed be for example
set the direction in the continental context or also in the municipal area.

There are considerable effects of settlement densities on access distances as well as on application
boundaries however they do not offer feedback possibilities to the bases of the mobility.

2. Speed, travel time and structures

2.1 Correlations between speed and settlement structures

Settlement structures orientate themselves towards the dominating traffic system of the respective epoch.
Older settlement structures (up to the 19th century) had to orientate themselves at biological borders (man,
horse). Outer limits like town embankments arrived.

Expansion of Berlin Distances within 30 minutes !
20 — —

1 Suburbain train
Lo 40 km/h

Rail rapid transit
24 km/h

10—

Radivg in km

Tram, Bus 15 km/h

Horse rail 10 km/h
| Horse carriage 8 km/h

e Pedestrian 4km(h -

| I I I [ I |
1650 1700 1730 1800 1850 1900 1830

Year
Figure 2: Settlement extension as a result of the dominating means of transportation of the respective epoch

The biological boundaries of human beings lie in average at about 60 to 70 minutes per day (mobility time
budget as a constant). The limitation of the extension of the settlement structures known in the Anglo-
American sphere under "Marchetti’s constant” can be derived directly from biological constants. Every rise of
the speeds therefore runs by the supply of external energy (in comparison with the internal body energy) for
an extension of the settlement structures automatically.

The connections between speed of transportation means and the extension of the settlement structure are
already known and named in numerous works (see Knoflacher 1996, Macoun 2005 and others).
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2.2 Times and distances

The cumulative frequencies (see Figure 3) show that way distances put back with body energy lie to about
80% within 2 kilometres. These mobility forms hold the settlement structures together. On the other hand,
there are about 80% of the ways by means of car or public transport over 2 kilometres, about 20% even over
about 20 kilometres.

While more than 70% of the ways covered by individual modes of mobility amount to less than 30 minutes,
the users of public transport lose this opposite increasingly time, caused by considerable access distances
to the stops of the public traffic partly.
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Figure 3:  Cumulative frequencies of trips with different modes of transport in Austria, depending on trip
length respectively travel time, source: Herry, Sammer 1996

3 System point of view versus individual perception

3.1 Body energy constancy and mobility time constancy

Based on the evaluation of empirical data on driving times provided by the UK’s National Travel Surveys
Kalbl R., Helbing D., 2003 concluded in their study that the empirical data as given statistically rather assure
a concept of constant daily journey energy (with energy in the mobility phase the body energy is meant here)
than a concept of constant mobility time.
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Figure 4:  Scaled, time-averaged travel-time distributions for different modes of transport in linear

representation, source: Kélbl R., Helbing D., 2003
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Table 1 gives overall results across the two studies, with energy usage at 78kWh (Cl:61,95) in 2007
compared with 74kWh (CI:63,86) at baseline under standard winter conditions of external T=5°C. Although
no statistically significant change (P<0.05) was observed for any of these results, the overall pattern of
change hints at some increase in consumption for electricity. Figure 2 indicates that the sample is highly
skewed so that it is not surprising that changes in the overall mean values are difficult to detect.

When the results were analysed by group according to low mid and high energy usage in 1990 (Table 2 and
Figures 3 to 5), there is no evidence of significant change in the low and mid group. For the high group there
was a clear pattern of increases over 1990 levels, that in terms of gas consumption was accounted for by a
larger increase in floor area than in the other groups (up by 14% to 129m2). Electricity consumption for the
high group has almost doubled to 25kWh (CIl:18,32) over 17 years and this results remains significant
(P<0.05) even after normalising for floor area.

Table 2 Daily household energy usage (Cl:95%) by group at external T=5°C.

kWh Low Group. Mid. Group. High Group

KWh/m? 1990 2007 1990 2007 1990 2007
Energy 48(45,51) 53 (42,64) 69(62,76) 58 (39,77) 106(89,122) 123 (98,148)
Eng./A 0.85(0.78,0.93) 0.9 (0.71,1.09) 0.9(0.66,1.13) 0.63 (0.42,0.84) 0.93(0.8,1.06)  0.95(0.76,1.14)
Gas 40(37,43) 44 (33,55) 59(53,66) 49 (33,65) 92(76,108) 98 (78,117)
Gas/A 0.72(0.65,0.78) 0.75(0.56,0.93) 0.78(0.56,0.99) 0.53 (0.36,0.7) 0.81(0.7,0.93) 0.76 (0.6,0.91)
Elec. 7.1(5.6,8.5) 9.2 (8.2,10.1) 9.7(8.4,11) 9.4 (5.4,13.4) 13.2(11.9,14.5)  25.3 (18.2,32.4)
Elec./A 0.12(0.10,0.15) 0.16 (0.14,0.17)  0.12(0.10,0.15) 0.1 (0.06,0.14)  0.12(0.10,0.13)  0.20 (0.14,0.25)
Fir.A(m?) 57 59 86 92 113 129

3. Discussion

The data collected in 1990 has provided an invaluable opportunity to undertake a longitudinal study of 24
low-energy dwellings in the UK and investigate changes in energy usage from baseline (1990) to follow-up
(2007) under standard winter conditions of 5°. Gas consumption has essentially remained constant over the
17 years at 63kWh (95%CIl: 50 to 77). Even though electricity consumption appeared to rise by 40% to
14kWh (95%CI: 10 to 18), the high degree in variance in the underlying data at follow-up often due
monitoring spells where dwellings were possibly unoccupied, meant that changes observed in the overall
results were not statistically significant.

However, when the results were analysed with dwellings classified into three groups, of low, mid, and high
energy users according to the estimated consumption from the baseline data, a consistent pattern emerged
whereby high energy users accounted for almost all of the increases only weakly apparent in the overall
statistics. Unsurprisingly this tends to correspond with larger homes. There was weak evidence that energy
use by the high energy group rose by 16% to 123kWh/day (95%CI: 98 to 148). Gas consumption may also
be higher, but was (statistically) unchanged at ~0.8kWh/m2 when normalised for floor area. The houses in
the high group have had additions that have resulted in an increase in heated floor area, and this occurred to
a greater degree than in the other groups. Most notably, electricity usage has almost doubled in the high
group to 25.3kWh/day (95%CI: 18 to 32). Rather than a change in the energy performance of dwellings,
there has been a shift from gas to electricity in the high group, possibly reflecting an increase in appliance
ownership and secondary electric heating in house extensions.

The main strength of this study lies in the detailed energy and building data collected in 1990 that forms the
baseline survey. Although caution should be applied in terms of any implications at the national scale, since
the sample was not a representative selection of the population of building stock, with an over-representation
of detached dwellings. Nevertheless the occupants are likely to have undergone broadly similar social and
demographic changes, such as owning more appliances. Moreover the results here appear to be consistent
with the skewed energy consumption distribution that is evident in national figures, whereby the top 30% of
households by income spend (and, by implication, use) more than all other households combined (Shorrock
& Utley 2003). The results are also largely consistent with findings from the pilot study with respect to
change observed mainly in the high usage group (Summerfield et al. 2007).

There is great value in following up this specific group of dwellings which represented best practice in the UK
for the symbolically important year — in Kyoto Protocol terms — of 1990 and which were roughly a decade
ahead of their time with respect to building regulation standards. Hence they also provide an indication of
what might be expected a decade from now, from dwellings of an equivalent standard. The study has shown
that some dwellings have remained essentially at 1990 energy usage or below and that there was no
evidence of a decline in the energy performance of the building. Yet this was not necessarily the case for a
group of dwellings that accounted for all the observed change. In summary, the high energy group not only
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2.2 City Greenways and Neighborhood Greenways

The metropolitan Seoul is surrounded by a greenbelt with big mountains visited by many
citizens every weekend. The greenbelt was established in 1971. The Han River is in the center
of Seoul, and the waterfront is being revitalized through the ‘Han river Renaissance Project.’
Although amenities around the city are excellent, public open spaces of the inner city are run-
down and have no access to outer city parks. Moreover, the prime locations along the Han
River are the apartment districts where residential use is about 62%. Among the apartment
units built in the late of 1970s are about 150,000 units all of which are designated as rebuilding
districts. One recently rebuilt district is the Jam-sil apartment district. In this rebuilding project,
the floor area ratio changed from 80% to 250%, and low rise (5 floors) buildings built for 30,000
units were remodeled to high-rise (30 floors) buildings for 50,000 units as shown below in
Figure 3, Figure 4. Despite the waterfront is the importance public assets, the neighbor planning
has not taken a broader view of the waterfront but only focused on the core of the building
projects. Thus, the building districts are relatively self-contained, and the residents cannot
access the waterfront easily. City greenways and Neighborhood Greenways are alternatives for
improving the environment in neighborhoods. City greenways are regional-scale connections
that link to natural resources and improve the accessibility of outlying areas for the public.
Neighborhood Greenways are smaller-scale connections that fulfill local neighborhood needs.
They connect local community amenities such as parks, schools, libraries, community centers,
shops, and places of unique local significance: for example, historic sites, a group of heritage
houses, or an interesting street. So the neighborhood greenways reflect local character and
identity by providing opportunities for the residents to express the unique character of the area.

3. The planning experience

3.1 City Greenways

The objective of city greenways in Seoul is to preserve the greenbelt and the Han River as links
to natural resources. Our Greenway concept is 7 Rings and 50 trails linking the Han River and
greenbelt. And provide linear parks whenever it happens to redevelop. Next picture is one of the
rings in Seoul, especially central Ring. The second ring in the Gang-dong area is located in the
upper zone of the Han River. The main hindrance to accessing the waterfronts is the highway
constructed for the Seoul Olympics in 1988. So the Han River Renaissance Project attempts to
make a mounding over the riverside highway so that the public can access the waterfront easily.
(See Figure 5) And one of the bridges in the Gang-dong changed to a pedestrian bridge. The
government has been trying to improve the environment and integrate all projects. Gang-dong
city greenway is a ring-shaped multifunctional route that connects the waterfront park along the
Han River to major parks in the greenbelt. 245million dollars was invested in this project to
construct the greenway in 2 years.

Horm Rfver z Walerfronl Pork (158M) . Riverside Highwoy(45M] = Aparfment |
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Figure 6 Seoul Greenways Concept Plan: Central and Eastern Greenways Plan completed
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3.2 Neighborhood Greenways

The object of Gang-dong neighborhood greenways is to provide the public with access to the
Han River waterfront and parks in the greenbelt. Important components of a suitable greenway
route are a main corridor connecting historic sites, redevelopment of over 50% of Gang-dong,
the old way have been used from the Cho-sun dynasty, the roads having expansion plan and
the pedestrian volume assignment. After a suitability analysis, neighborhood greenway routes
were planned to enhance the waterfront access with historic corridors and boulevards and to
include sidewalks, plazas, bicycle paths, and outdoor cafes.

Current Condition

Proposed Trail

Figure 10 Neighborhood Greenways in Gang-dong Figure 11 A Plan of the street ‘B’

The area of study consists of the two parts: the old town that was established in the 1900s and
the new town with apartment districts were built in the 1980s. The residential and official
districts in the old town need open space for residents and office workers to be able to enjoy
outdoor activities. As such, the Neighborhood Greenway Plan of the old town has a hierarchy
that consists of public trails for citizens, semi-public linear parks in residential and business
districts, and private courtyards in the residential area. This area also preferred to ride a cycle in
Seoul. Thus it is recommended the mixed use development for cyclists around the public trail.

o e T I e

AL il ] 77 i i ==
Aoy s el Bl 6 & iy
Figure 12 Redevelopment districts for housing and business around street ‘B’
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4. Discussion

As stated earlier in this paper, the purpose of this case study is to show how make greenways
through the redevelopment site in Seoul. This is a new proposal against the typical development
in Korea. For example, in the prime area of Gang-dong, a new town will be built with a business
district and an apartment complex. Existing proposals by the government designed by
Construction Corporation call for high rise buildings at the waterfront. Each planned project is
designed separately without no consideration of the regional context, and therefore many
problems remain, such as unbalanced land-use, disrupted communities, and lack of urban
infrastructure. The proposed projects, if completed, would not be any different from existing
neighborhoods, and the city environment would not be any different from existing
neighborhoods, and the city environment would move even further away from livable and
comfortable arrangements with built-in green areas. In contrast, new development with
greenway networks, as we propose, would enhance the comfort for pedestrians and help create
friendly and harmonious communities. Although the extent of development in the new town is
the same in the two scenarios, the land use is more sustainable and varied in the new scenario
proposed in this study. Fortunately, the city government has eagerly accepted our proposal, and
our group and the city are cooperating in the city planning, the transportation, and the open
space departments. Moreover, the city has imposed a greenway requirement for reconstruction
projects for apartment complexes.

5. Conclusion

This pilot study is not yet complete, and therefore it is too early to compare the new projects
with other cities in Korea. We look forward to establishing greenways in the cities of Korea, re-
establishing the connection between people and nature. Until now, the control of urban planning
has been in the hands of construction companies and land owners, so that excessive
development for the sole purpose of profit has been the usual course of events. Citizens have
had no choice in the type of housing. Recently, the city has been attempting to establish policies
for creating a sustainable transportation system, including mass transportation, bicycle traffic,
pedestrian circulation. Many regions are awaiting renewal and greening after the rapid
urbanization in the past decades. Newly proposed green development will revive the public
space and enliven communities destroyed by private development. Moreover, the Korean
experiment in greenway planning and implementation, now under way, can serve as model for
rapidly urbanizing cities in other countries for the recognition of various human and ecological
benefits of urban greenways.
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Summary

A construction method is proposed to minimize the dependence on energy by combining ancient wisdom
and modern technologies. The following three elemental technologies are introduced here:

1. Exterior walls with an air passageway between them, using double exterior walls to reduce the exterior
skin load by virtue of their functions as ventilation, heat insulation, and heat storage, according to ambient
conditions

2. Breathing exterior walls, to respond to constant changes in external wind conditions and to ensure that
fresh air is taken in by virtue of the design of exterior walls and chimney shapes or by converting a draft
route

3. Medium-to-low temperature heat sources and heat storage, in connection with treatment of a sensible
heat load, to increase cold water temperature and co-efficiency of performance, and to equalize the load
by using latent heat storage materials having potential for heat storage at the temperature

1. Introduction

We increasingly demand a better living environment and enjoy comforts that we cannot easily give up. In
most cases, building equipment makes our environment more comfortable. For example, the thermal
environment can be adjusted with air-conditioning equipment, and the light environment can be adjusted with
lighting equipment. However, while energy efficiency has been improved, energy depletion and
environmental destruction remain serious problems.

The authors of this report intend to construct a building designed to minimize energy consumption. The
building concept is based on:

Ancient wisdom used to adjust indoor environments without depending on equipment
Provision of building components with equipment functions
Use of new functional materials

Based on this building concept, we developed some technologies in cooperation with the designing
department, aiming to be a help at an early stage of the design. We introduce the three elemental
technologies of them in this paper.

2. Elemental Technologies

2.1 Ventilation Exterior Walls

Ventilation Exterior Walls are intended to reduce the amount of heat transmitted from exterior walls. These
double exterior walls have openings that open and close to an air layer, and they have a heat storage
function.

Since ancient times in Japan,*"Dozo” architecture has used roofs with natural air ventilation. Also, there is a
type of termite that builds nests with a ventilation function to protect their living environment. Ventilation
Exterior Walls imitate these examples.

The heat load due to transmission will be reduced by opening the openings and cooling the building structure
with a natural air draft in summer, and by closing the openings to form an air layer in winter.
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2.1.1 Details
Figure 1 shows a cross-sectional view.

In most dry construction methods for exterior walls, pre-finished metal panels are attached to the outside of
dry-laid structural walls, such as ALC panels. The space between the metal panels and the structural walls
can be made to function as an air layer. Openings and mechanisms to open and close them are provided at
both the top and the bottom of the air layer.

In summer, while the opening is kept open, the temperature rises mainly due to solar radiation, resulting in a
stack effect in the air layer. Ventilation can therefore be achieved without using power.

In winter, an enclosed air layer is formed by closing the opening. A higher heating load reduction effect is
expected from a temperature rise in the air layer due to solar radiation. The open/close switching can be
achieved by using shape-memory alloy.

These effects are expected to be more prominent for heat storage materials, which are used for areas to be
exposed to the air in the air layer. This can equalize the amount of heat transmitted into a room and increase
the heat insulation effect.

2.1.2 Effects Confirmed by Simulation
(a) Simulation Model
A 2D heat transfer model is developed for the exterior wall area, as shown in Figure 2.

Standard meteorological data for Tokyo is used for the ambient conditions. Based on the assumption that
air-conditioning is switched on between 7:00 AM and 8:00 PM in the room, the temperature is set at 26°C in
summer and 22°C in winter.

The non-stationary heat balance equation is solved at each mass point to determine the temperature change
over time and the amount of transmitted heat.

(b) In Summer

Figure 3 shows the calculated results of the daily integrated cooling load. In summer, it is found that
providing an air layer has the effect of an approximate 30% reduction in the load due to the effect of sun-
shading and ventilation.

Furthermore, when phase change material (PCM) is provided at the air layer, the load reduction effect
increases to about 50%.

(c) In Winter
Figure 4 shows the daily integrated solar radiation for a clear day in winter.

of the structure On clear days, solar radiation is blocked by providing an air layer, resulting in a decrease in
the temperature. Consequently, the heating load increases. Under these ambient conditions, the load
increases by about 20%. The transmitted heat can be slightly reduced by using PCM.

On cloudy days as shown in Figure 5, the air layer can function as a heat resistant layer, even when it is
opened to the air. Therefore, the heating load can be reduced by about 10%. As a result of the adoption of
PCM, the load can be reduced by about 20%.

'»,«’ Temperature
ﬁ /_ Mass Point
Latent Heat Storage Materials S o / o
Reduce the effectto the room by
reducingthe change intemperature.
[} (-] (-] (-]
Ambient Air
- Open/Close Control Mechanism  Aijr Layer o Indoor
o . I In winter, close the o ~ e | o
Ventilation Function openings to retain the heat.
To be accomplished by A
the design of the system. ? o o | ol o
j £ |
z Metal Panels Concrete Insulation
Structure Materials

Figure 1 Cross-sectional view Figure 2 Simulation model
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2.1.3 Effects Confirmed by Actual Measurements
(a) Experimental Model
A test piece similar to the one shown in Figure 6 was measured outdoors in Osaka.

The exterior walls of the test piece comprise ALC panels with insulating material, having an air layer partially
formed by being covered with metal panels. Measurements can be made under the same ambient conditions,
because the part with an air layer and the part without an air layer are arranged side-by-side. The
temperature measure points are located on the exterior wall as shown in Figure 7. The amount of transmitted
heat is calculated from the surface temperature and heat resistance value.

(b) In Summer
Three different types of experiments were conducted for summer.

Case 1: Without an air layer
Case 2: With an air layer opened at both the top and bottom

Figure 8 shows the comparison of temperatures. In case 1, without ventilated air, the temperature rise is high
(42°C) due to direct solar radiation on the surface of the ALC panels. The temperature can be reduced
(33°C) in case 2 by ventilating the air space.

Figure 9 shows the amount of transmitted heat. It is confirmed that providing an air layer results in an about
40% reduction in the daily integrated load.

(c) In Winter
Three different types of experiments were conducted for winter.

Case 1: Without an air layer
Case 2: With an air layer opened at both the top and bottom
Case 3: With an air layer closed at both the top and bottom

Figure 10 shows the comparison of temperatures between Case 1 and Case 2.

In Case 1 without an air layer, the temperature rises on the outer surface of the ALC panel exposed to solar
radiation in the daytime. In Case 2, the surface temperature rise is smaller due to the loss of absorbed solar
radiation heat caused by air currents. However, providing an air layer has the effect of reducing heat loss
due to nocturnal radiation at night, thereby increasing the surface temperature of ALC panel by about 6°C.
The daily integrated amount of transmitted heat is shown in Figure 12, thus confirming the effect of reducing
heat load by about 10%.

Figure 11 shows the comparison of temperatures between Case 1 and Case 3.

The temperature rise on the surface of ALC panel is more significant due to warm air enclosed by closing the
opening. The effect of reducing nocturnal radiation in Case 3 is also more significant than in Case 2. The
daily integrated amount of transmitted heat is reduced by about 30% from case 1 as shown in Figure 12 .

2.1.4 Conclusions

Providing a small space between a finished surface and the structure can have an effect on energy
conservation. Although there were concerns about the potential increase in the heating load in winter, the
results show that the effect of reducing nocturnal radiation is greater than the effect of heat from solar
radiation in the daytime.

In this report, several options are available, such as using PCM or allowing the top and the bottom of the air
layer to be closed. Adoption of these options can improve energy conservation, but careful consideration is
required in terms of maintenance performance before adoption.
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2.2 Breathing Exterior Walls

2.2.1 Outline

Before the existence of air-conditioning, building ventilation was an important means for reducing heat. Since
ancient times in Japan, it has been said that “a building should be designed mainly for summer conditions,”
with many openings and systematically ventilated rooms with transoms. Outdoor temperatures are actually
lower than indoor temperatures at most times of year, so it is important to take natural ventilation into
account in order to enhance the cooling effect. Here, we introduce a support tool at the early stages of
natural ventilation design and a practical design example.

2.2.2 Design Support Tool

We introduce a design support tool enabling designers to develop a general plan for natural ventilation in the
early design stage. The tool is used with Microsoft Excel, and an overview is shown in Figure 13.

The designer inputs the building conditions (shape and location (meteorological conditions)) and the position
and shape of the openings. The tool provides the national meteorological data, the wind pressure coefficient
on each face depending on wind direction, and the measurement data from wind tunnel experiments
(corresponding to chimney shape). Input conditions of the wind environment are determined in conjunction
with CFD according to the surrounding terrain and block conditions.

In response to the input conditions given by the designer, the wind that enters and exists each opening is
calculated in real time, and the effect of energy conservation is summarized and output. Based on a study
using this tool, the designer can arrange the natural ventilation openings or set the amount of ventilation,
allowing the effect of energy conservation to be determined in advance.
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2.2.3 Design Example
A design example calculated and designed in the manner above is shown here.

We introduce a university building in Shikoku. The building stretches from east to west, is composed of four
floors above ground, and has laboratories lining both sides of a corridor. The building is located in a rich
natural environment, and fresh air is expected to be actively introduced to promote energy conservation.

Under the local meteorological conditions, it is found that a prevailing wind blows in the longitudinal direction
(east-west) of the proposed building. A natural ventilation plan is designed according to the following
principal axes (see Figure 14 for outline):

Considering the exhaust air from the top of the building, where there is constant negative pressure
resulting from prevailing wind, use the staircases at both the east and west ends as exhaust routes
Set the height to ensure sufficient induction effect and stack effect

Provide sliding glass doors for each laboratory to directly supply fresh air as required

This building has only recently been completed, and the effect of energy conservation will be verified by
future measurement study.

anvr ss Wi
in the tran s to discharge the

air into the corridor.

3 L) i

2.3  Medium-to-Low Temperature Heat Source System

2.3.1 Outline

As discussed above, it is possible to promote energy conservation by reducing or utilizing the ambient
effects. However, we have to rely on mechanical air-conditioning to meet the thermal environment
requirements. Here, we introduce an effort to increase heat source efficiency by using a new material.

Figure 15 shows the system concept.

The heat load can be separated into Latent Heat (LH) and Sensible Heat (SH). SH is treated by the medium-
to-low temperature heat sources. It is possible to enhance the heat source efficiency, since the temperature
of cold water can be increased. It is also possible to use nighttime power or natural energy and to equalize
the load by storing heat in PCM for a medium-to-low temperature zone.

On the other hand, desiccant air-conditioning using water vapor adsorbent is available for LH. Heat utilization
system can be designed rationally by using waste heat from heat pump for reuse of the desiccant.
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Figure 15 Concept of Medium-to-low temperature heat source system

2.3.2 Simulation

Simulations were performed for three different types of heat source systems (Figure 16).

Case 1: Ice Thermal Storage Unit
Case 2: Air-cooled Heat Pump

Case 3: Medium-to-Low Temperature Heat Source System
The subject building is a 10,000m2 office building (Table 1), and the calculation is performed under common
ambient conditions based on the standard meteorological data for Tokyo. In the Medium-to-Low
Temperature Heat Source System, the heat storage unit is checked and verified in advance by simulation
and experiment. The desiccant dehumidification performance is checked by experiment and simulation,

according to temperature and humidity conditions.

———1 ———1
ﬁ:czs%zérmm Ice thermal MNircasled iﬁ?ceozo:bd Ice thermal MNirasled
Storage Unit storage || b HeatPump | Storage |1 ™70
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Figure 16 Three types of systems simulated
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Figure 17 shows the calculated results of the daily variations in power consumption in July. For Case 3, it is
confirmed that the load can be transferred to nighttime by heat storage and the demand is reduced
compared to Case 2. The same considerations apply to Case 1. With respect to power consumption in the
night heat storage time zone, the heat source COP is significantly improved compared to the Ice Thermal
Storage Unit, accounting for about one third of Case 1.

Figure 18 compares annual primary energy consumption. In Case 3, although the amount of primary energy
consumption is reduced due to the improved efficiency of the heat source, the power consumption of the
transfer system increases as a result of pressure loss due to desiccant material and the fan power increases
due to the increased number of coil rows. Consequently, the annual consumption is 3% higher than that of
the Air-cooled Heat Pump. On the other hand, the power demand is 10% less than that of Air-cooled Heat
Pump and approximately the same as that of the Ice Thermal Storage Unit, so the peak power cut is fully
implemented.

In terms of energy conservation, further study will be conducted with the aim of reducing energy
consumption more than that of the Air-cooled Heat Pump, for the purpose of increasing the efficiency of
medium-to-low temperature heat source equipment and decreasing pressure loss due to desiccant material.
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Figure 17 Daily variations in power consumption in July
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Figure 18 Annual primary energy consumption Figure 19 Energy demand
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Summary

This paper introduces project management strategies for continuous commissioning process to realize
sustainable building. The key points are: 1) Extracting owners and occupants’ latent needs, 2) Establishing
mutual understanding among stakeholders including owners, occupants, facility managers,
architects/engineers, and suppliers, 3) Enhancing communication among the stakeholders, 4) Visualizing
process and effect, and 5) Developing continuable activities. The active commissioning approach is
necessary for sustainable building, since the sustainable building needs are usually invisible and often less
prioritized. The enhanced communication helps realize sustainable building goal while maintaining customer
satisfaction.

Lessons learned from two case studies are described. The first case study site is a 193,000 square-meter
multi-use leased office building where over 100 tenant companies reside. The challenge was to develop a
communication scheme to establish mutual understanding among numerous stakeholders. Another case
study site, a 37,000 square-meter research laboratory, achieved distinguished energy reduction only by
operational improvement including occupants’ spontaneous action. These actions were accomplished due
to enhancement of understanding and motivation. Both case studies are examined with energy consumption
trends, and occupant surveys as a factor of customer satisfaction.

1. Introduction

In Japan, due to its early experience with the oil shock in 70s, the first energy conservation law was
established in 1979. Since this period, the government and industries have been taking a lead of energy
efficiency. While the primary focus of energy efficiency was on industrial sectors and energy suppliers, large
and mid-sized non-industrial buildings also became regulated since 2003. Under the regulation, the
subjected buildings are required to submit periodical energy reports and energy saving targets. Leased
buildings and research laboratories started to pay close attention to energy efficiency. Now, the primary
driving factor for energy efficiency investment is the responsibility for the achievement of Kyoto Protocol
target, and the sense of crisis.

Based on the above background, sustainable building design has become emphasized recently in Japan.
Sustainable buildings should be designed to be sustainable by owners and architects. It is also equally
important for occupants to understand the design intent and practically use the sustainable features.

Building commissioning, mainly discussed in this paper, is a procedure to achieve sustainable building’s
goals covering various issues from occupant comfort to natural environment, as well as energy conservation.
It is a universal process to guide owners’ investment decision making based on their building functionalities.

It has been only few years since the importance of commissioning started to be emphasized in common
buildings in Japan. The market is yet premature at the moment. Currently, Japan is leaning from the
experience in U.S. and Europe. In order to disseminate commissioning in Japan, the management process
has to be well considered. Expensive, excess measurements and professionals’ explanation with technical
jargons are not practical to achieve owners’ satisfaction.

In this paper, five key points to achieve successful commissioning management are introduced based on the
authors’ experience with two case studies.
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2. Lifecycle Commissioning

2.1 Commissioning Management throughout Building Lifecycle

In Japan, most building owners have merely referred to concrete criteria of energy efficiency and indoor
environmental quality during building operation. The efficiency of business activities (including office works,
merchandise, and researches) has been most prioritized in building operation. On the other hand, various
stakeholders are involved in building lifecycle, including planning; design; construction; turnover and
operation. The stakeholders may not often communicate each other, or even within same roles over time.
After all, no one understands the holistic performance throughout the building lifecycle. Under the situation,
with the increasing awareness of global climate crisis, the importance of commissioning has become obvious.
The activities to be done as the lifecycle building commissioning at each building phase are,

® Planning Phase: Define the building functionalities and materialize owners’ needs.

® Design Phase: Quantify the owners’ needs and develop specification. Define methodologies to verify
the specification with articulate criteria.

® Construction Phase: Construct the building exactly as the design. Verify the building meets the
predefined specification.

® Turnover Phase: Architects/engineers and constructors report the results of the verification to the
owners. Provide an operational guidance.

® Operation Phase: With understanding the design intent, improve and retrofit the building to suite the
current building use and the time.

One of the most important factors in commissioning management is to define and verify the owners’
requirements at any building phase, and provide both the appropriate use and the best satisfaction. To
achieve this goal, every stakeholder including owners must fully understand and be satisfied.

Building commissioning generally requires measurement and verification of the building functionalities, and
documentation of the results. Although this is essential to fulfill the requirements in the contract, the
documentations are often too complicated and barely understandable for some stakeholders who don’t have
technical knowledge. To achieve the aforementioned goal of everyone’s satisfaction, it is important to have
every stakeholder to fully understand the building systems and functionalities. This is in deed achievable
with commissioning managers’ skills, even without expensive measurements and analysis software tools, or
expert labor costs.

2.2 Five Key Points for Effective Commissioning Management

1) Extracting owners and occupants’ latent needs: In general, owners can neither express their needs as
clearly defined specification, nor gather occupants’ opinions. Architects/engineers materialize owners’ needs.
However, the communication only between owners and architects/engineers is often insufficient to cover all
the aspects. In the process of commissioning, it is recommended to gather insights from various
professionals.

To extract the latent needs, it is important to find out the adequate level of quality which owners desire.
Comparisons and choices should be easy to understand for owners. Secondly, terms used to express the
needs and the judgment criteria should be clearly documented. Architect/engineers should avoid explaining
their thoughts to owners with figurative phrases and only documenting what is decided. This process affects
the relationship among owners, architect/engineers, and constructors.

2) Establishing mutual understanding among stakeholders including owners, occupants, facility managers,
architects/engineers, and suppliers: Owners make investment decisions by gathering insights from various
stakeholders. It is important to accommodate a place where all the stakeholders can join the decision
making process. This will make the process clear and fair. By keeping the place over the building phases,
one can take over and understand the sequence of the process regardless of change of participating
members. This place should be maintained over transition of time and needs through the building lifecycle.

3) Enhancing communication among the stakeholders: It is difficult to thoroughly understand each other only
at series of meetings. Continuous effort to develop good relationship among stakeholders leads to positive
outcomes in various situations. It is important to carefully extract underlying demands from abstract
expression, and considerately arrange the opportunity for every stakeholder to freely express one’s opinion.

4) Visualizing process and effect: Through the decision making process, it is often difficult to present how
the decisions were made for each activity in an understandable manner. In order to clearly visualize the
process and effect of an activity, it is important to extract key facts from series of the data and
documentations. The decision-making criteria have to be well described. In fact, requirements for building
functionality are often ambiguous, except when they are regulated by laws. Clear judgment criteria based on
understandable data are important in this process (for instance, simple apple-to-apple comparison, majority
votes are easy to understand). It contributes to the decision makers to smoothly explain about their
decisions to stakeholders including occupants and minimize complaints.
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5) Developing continuable activities: It is difficult to continue the meaningful activity even with the decision-
making criteria and the periodical meetings. If each of the stakeholders only cares one’s own situation, they
don’t have to formulate their opinions into one conclusion. Therefore, commissioning managers needs to
create a mutually shared objective among the stakeholders.

3. Case Study I: Large-scale Leased Commercial Building

3.1 Building Profile and Targeted Commissioning Phase

The authors conducted commissioning process at a large-scale leased commercial building during the
operation phase. The building has 193,000 square-meter of floor space, consisting of high-rise office
complex (110,000 square-meter) and low-rise commercial complex including movie theaters. At this building,
due to the highly conscious owners, substantial time and cost were spent for commissioning from the
construction phase. After the completion in Fall 2006, the commissioning team established by the owners,
the architects/engineers, the constructors, the facility managers, and the commissioning managers continues
the proactive efforts for sustainable energy management.

3.2 Commissioning Management on Developing Facility Management Standards

The first action taken after the completion was to develop a facility management standard. At this building,
the commissioning manager led the commissioning team to develop a highly satisfying management
standard by focusing on the following aspects.

1) Promote occupants’ understanding of building design intent: For instance, energy efficient designs such
as automated blind control or daylighting control system don’t work without occupants’ understanding. The
commissioning team made a thorough explanation of functions and effects, by arranging sessions for key
personnel of tenants and delivering information though intranet.

2) Develop standards conscious of energy conservation: llluminance and temperature setpoint are
commonly leaved for tenants’ decision. At this building, the owner was proactively involved in the standard
development process with assistance of the commissioning team. The team performed space environment
measurement, and defined the setpoint allowance range. The team promoted cooperation of the tenants.

3) Collaborative deployment with tenants: Along with asking cooperation from the owner, the commissioning
team promotes proactive actions led by tenants to be spread to others.

Through the above activities, the commissioning manager converts the owners’ needs into the action plan by
summarizing the key points with understandable language and multidirectional information. Series of the
activities supports the holistic decision making process.

3.3 Frameworking Retrofit Plan

In conventional practice, energy efficiency improvement and retrofit planning are initially started at the timing
of periodical retrofit or when deterioration of equipment or system trouble occurs. At this building, even soon
after the first year of the completion, budget for a retrofit project was reserved due to the proactive attitude
toward improvement. The retrofit project consists of the following categories: 1) more detailed energy
measurements, 2) more detailed system controls, and 3) more energy retrieval.

Table 1 shows the expected energy saving results achieved by the operational improvement and the retrofit
project planned. To frame the plan for each item, the commissioning manager analyzed and visualized the
existing circumstance, and provided multidirectional insights to lead conclusions. In this project, the
commissioning manager acted an important role to guide clear decisions.

Table 1 Estimated Energy Saving of the Retrofit Project at the Large-scale Leased Building

. Estimated
Category Subject Savings*
1 EnergyMeasurements ~ Power meter installation at each tenant Unknown
2  System Controls = Programmable operation of exhaust fans 0.17%
Automated valve installation at tenant chilled water supply 0.66%
Economizer optimization at office and movie theater 0.48%
Automation of hot/chilled water control 0.59%
VAV control optimization 0.03%
Schedulable switch installation at elevator air conditioning 0.01%
Optimizing Partial load operation of Hot/chilled water pumps 0.24%
3  Outside Air Increased use of ventilation cooling 0.12%
Utilization Natural ventilation at atrium space and electrical room 0.43%
Total 2.73%
* Percent of total annual energy consumption of the building
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4. Case Study II: Research Laboratory

4.1 Building Profile and Targeted Commissioning Phase

The second case study is a 37,000 square-meter research facility, consisting of office space and laboratory
space (approx. 17,500 square-meter each). The commissioning manager was involved in the 12th year of
operation to conduct commissioning process mainly at the office space. Until then, the facility management
has prioritized security, occupant satisfaction, and cost. Efficiency of the system was mostly ignored. The
dramatic change of the facility managers’ mind was led by the new mandatory regulation to submit the
energy performance and management standards.

4.2 Formulating Requirement Items for Energy Conservation Activities

At first, the commissioning manager arranged a workshop gathering the owners, occupants,
architects/engineers, and facility managers. In the workshop, the requirement items for operational
improvements were formulated. The workshop was carefully organized so that every stakeholder can freely
express one’s opinion. The opinions were summarized into 10 project requirements through fair votes
(Table 2). The more than a dozen of occupants participated in the workshop were selected as leaders of the
whole occupants. They were requested to place a temperature and humidity sensor at each of their desks,
and gather opinions from other occupants. In common practice, retrofit plans are usually developed only by
engineers and owners. It is unique to involve every stakeholder including occupants and formulate project
requirements prior to the engineers’ retrofit plan.

Table 2 10 Project Requirements at the Research Laboratory

No. Location Requirement Items
1 1st floor atrium Improve indoor thermal environment in heating seasons.
Rooms/spaces without

2 Improve operational rules of air conditioning and lighting.
constant occupants

3 Meeting room 5 Retrofit HVAC system.

4 Meeting rooms Optimize pre-cooling/heating operation.

5 Office Improve office zoning of air conditioning and lighting.

6 Office, meeting rooms Instruct facility manager on energy saving HVAC operation.
s Optimize operation and maintenance cost of HVAC system.

8 Improve operation and maintenance of lighting fixtures.
------------ Common to all - — .= ; :
9 Utilize ventilation cooling in nighttime and intermediate seasons.

10 Report decision-making process to occupants.

The operational improvement activity was conducted to fulfill the 10 project requirements one by one. As the
result, 18% of power saving and 40% of heating/cooling energy saving could be achieved at office areas
over 5 years only by the operational changes. During this process, complaints were raised regarding
thermal environment and change of user rules. However, the complaints were considerately solved through
mutual understanding with the occupants. This accomplishment was significantly contributed by the owners,
the facility managers, and the leaders of the occupants, who mutually understood the objectives.

4.3 Contribution of Commissioning Management in Retrofit Project

While the operational improvement came to stay, retrofit of the HVAC system was planned before the 15th
year of operation. The workshop with all stakeholders was arranged again, and the project requirements for
the retrofit project were itemized. The commissioning manager delivered the owners’ needs which represent
the project requirements to the architects/engineers. The architects/engineers could minimize the design
options, and the owners could smoothly turn over the project to the architects/engineers without concerns.

5. Conclusion

The most important element of commissioning management is not delivery of documents and evaluation by
experts. It is the process that all the stakeholders represented by owners formulate mutual understandings
toward shared, clear objectives. The process is to think, construct, and activate buildings together. The
benefit brought by commissioning is to amplify the satisfaction among people.

Towards the forthcoming low-carbon society, the role of commissioning activity should be expanded from the
optimization within the existing functional requirements, to optimizing the use of buildings and even
optimizing lifestyle. To accomplish this goal, it is essential that all stakeholders including owners and
occupants undertake the activities with thorough understandings, throughout the building lifecycle. The
commissioning procedures introduced in this paper will greatly contribute to the activities.

In Japan, the benefit of commissioning will be understood through the number of examples. The authors
strongly feel that the commissioning will become a new role to guide the sustainable building lifecycle in
future.
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