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ABSTRACT

In recent years, urban issues such as climate change, aged society, declining birthrate, energy
efficiency and carbon reduction have been receiving tremendous attention. In response to these issues,
governments all over the world have proposed innovative planning concepts such as ecological and smart
planning. As the capital city of Taiwan, Taipei City takes the responsibility of leading Taiwan to deal with
the issues worldwide.

Since the planning of city levels were implemented on the scale of communities, local residents, as
the core of community development will be the critical factor in determining whether the planning would
be successful. Thus, this research established a “Smart and Ecological Community Index System” of
Taipei, selected three current urban readjustment sites in Taipei City to conduct trials, and developed

strategies for promoting Taipei City’s smart and ecological community assessment index.
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1 Introduction

The sustainable development of the earth has
become an important international issue. From the Kyoto
Protocol to the Paris Agreement, all countries in the
world are actively formulating greenhouse gas reduction
targets and promoting the development of energy
conservation and low-carbon energy industries. Among
these trends, energy consumption has become an
essential element of urban development. Energy
consumption around the world has been increasing over
the past few decades and has led to an energy crisis
(Madan, et al., 2012; Sunak, 2011; Shukla, 1995;
Fengetal., 2013; Rees and Wackernagel, 1996; Wittig,
2008). In the 2016 Paris Agreement, more than 100
countries have agreed and committed to comply with
greenhouse gas reduction measures and take concrete
actions to mitigate climate change.

With this international trend, it is inevitable for
Taiwan to stay out of the way. Therefore, sustainable
development, eco-city, low-carbon city or sustainable
smart city concept have become important policies for
government administration. Over the past two decades,
the world's major metropolitan areas have been working
to improve the infrastructure and services of existing
cities and to improve environmental, social and
economic conditions to enhance the attractiveness and
competitiveness of cities (Lee, et al., 2008; Jong, et al.,
2015). After centuries of development, Taipei City has
become the political, economic and cultural center of
Taiwan. Smart and ecological development are
international trends, and of course the focus of the Taipei
City Government.

Vertical and horizontal governance strategies across
scales and networks must be developed for the successful
eco-city governance (Li, 2014; Seymoar, et al., 2010).
Urban-level planning must be implemented in the

community. The development of ecological communities

42

and smart communities will be the key to the sustainable
planning of cities. However, at present, Taiwan has
inadequate policy to implement smart and ecological
concepts in the community, which is also a major
obstacle to the promotion of Taipei City into an excellent
city. Therefore, the purpose of this study is to establish a
smart ecological community assessment indicator system
for Taipei City to help the government of Taipei in
carrying out urbanization and community planning.

In order to effectively use the limited resources of
the government, this study adopts the established
intelligent ecological community indicator system as the
evaluation standard for improving urban environment.

The main research objectives are as follows:

(1) Establish indicators for the evaluation of smart and

ecological communities in Taipei City with

reference to domestic and foreign smart
communities and  ecological community
assessment indicators.

(2) Propose the promotion strategy for the

development of smart and ecological community in
Taipei City to help promoting the sustainable

development of Taipei.

2 Methodology and Research Areas

In order to construct the evaluation index of the
smart and ecological community in Taipei City, this
study first developed a smart and ecological community
assessment system suitable for Taipei City through the
collection and analysis of related literatures, and invited
scholars and experts to provide suggestions for the
indicators of smart and ecological communities. In the
end, a set of objective assessment criteria for the smart
and ecological community of Taipei City was established
to help Taipei in pursuing the international trend of

sustainable development.
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2.1 Literature review

Literature review is the basis of research and the
preparation for data collection. Itis also called the
“library research method”, which includes relevant
research reports, papers and periodicals. Content analysis,
also known as information analysis or document analysis,
is a quantitative research method. Document analysis is a
method of transforming qualitative research data into
quantitative data. It is an objective and systematic
research method for the special attributes of articles or
media, extracted themes, words, characters and other
parts, exploring the true meaning and influence behind

the content.
2.1.1 Smart City

The smart city is a brand-new concept, and its
definition and connotation continue to evolve. At present,
the academic community and the industry still have no
consensus on this. In general, smart cities can be
understood as making full use of new technologies and
the inspiration they bring, transforming and upgrading
their systems, operations and services, compared to
traditional cities. In other words, smart cities provide
citizens and governments with the infrastructure they
need to make more informed decisions. It plays a crucial
role in addressing the challenges associated with
ecological, social, cultural and economic sustainability
(Caragliu, et al., 2011).

2.1.2 Eco-city

In addition to comprehensive consideration of land

use patterns in cities, eco-cities should include

comprehensive  discussions on areas such as
transportation, energy, public space, urban design, and
popular participation (Kenworthy, 2006). It can be seen
that the vision of the eco-city is to create a healthy,

sustainable and prosperous urban space that coexists
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with nature and has a minimal impact on the natural
environment. The current international practice uses the
concept of sustainability as a planning direction, or

“ecological city”, “sustainable city”, “low carbon city”,
“green energy community”, *“ecological community”,

etc.
2.1.3 Smart community

Smart Community is a community that uses digital

technology to enhance the living and working
environment (Bardalen, 2017), and effectively carry out
the integration and utilization of various next generation
technologies and advanced social systems, including the
efficient use of energy, the utilization of heat and unused
energy, local improvements in transportation systems and
the transformation of residents' daily lives (Hisatsugu,
2015). Smarter communities begin to miniaturize and
scale smart solutions, and then connect multiple systems
to form a smart city (Black & Veatch Corporation, 2015).
Therefore, the construction of a smart community could

be the basis for the development of a smart city.
2.1.4 Ecological community

In the face of global environmental protection issues,
such as global warming and climate anomalies, and with
the promotion of eco-planning design and sustainable
development concepts, “ecological city” and “ecological
community” have become important planning trends. In
1998, the ecological community was listed for the first
time in one of the 100 best practices of the United
Nations Model for Sustainable Living. An ecological
community is an urban or rural human community in
which community residents strive to combine a

supportive social environment with a

low-environmentally impacted lifestyle. In order to
achieve this goal, the ecological community combines
various aspects of ecological

design, ecological
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construction, sustainable cultivation, green products,
alternative energy and community building practices.

On the other hand, Beatley proposed the basic
principles of a sustainable community: (1) recognizing
the basic limitations of ecology and improving the
soundness of ecosystems; (2) establishing a close
relationship with the natural environment; (3) reducing
the consumption of land and resources; (4) recognizing
the social, economic, and environmental goals of each
other; (5) supporting the overall planning strategy; (6)
constructing new moral attitudes; (7) strengthening
resources, fair distribution of opportunities and
environmental risks (Beatley, 1998). Relevant research
also shows that the definition and theoretical meaning of
ecological communities are not fixed. They should be
defined by residents and planners as the regional
environment changes. The real ecological community
should be a dynamically balanced community. (Roseland,

1998)
2.2 Case study analysis

The case study method is a survey method based on
experience and in-depth study of current social
phenomena and real life. Case study is a practical way of
investigation. When the boundary between the
phenomenon being studied and real life is not clear, the
status quo is investigated through various source
evidences. At present, there is no standard for the
evaluation of intelligent ecological communities in China.
However, this study will use the case analysis method as
the basis for formulating the indicators for the intelligent
community evaluation of Taipei City. Through the
success of the smart community case at home and abroad
and the analysis of the key items worthy of the
opportunity, the integrity and suitability of the follow-up
“Taipei Smart Eco-Community Assessment Indicators”

was established to benefit the promotion of “Taipei
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Smart Community Evaluation Indicators”.
2.3 Expert consultation meeting

This study invites experts and scholars in six major
fields, such as transportation and tourism, environmental
ecology, green energy industry, safety and disaster
prevention, healthy living and humanities and art, as well
as relevant departments of the municipal government to
make recommendations on the data and indicators
collected in this study. The results of the research can be
made more concrete and feasible through expert
consultation in various fields. The integrity, richness and
correctness of this evaluation indicator system can be
enhanced through the expertise and opinions of experts.
In the end, the researcher integrated the opinions of the
experts and the research results of this project, and
proposed the smart and ecological community promotion
policy to help the Taipei City government in promoting
the smart and

ecological community evaluation

indicators.

3 Domestic and foreign smart and ecological
community indicator system integration and
case analysis

This study collected a number of international smart
and ecological community indicator systems, such as
OECD Green Growth Indicators, Smart city wheel, Asia
Pacific Smart City Awards (SCAPA), US ICF Smart
Community Assessment Indicators, China Smart City
System, LEED-ND,
BREEAM-Communities, CASBEE-UD, Green Mark for
Districts, EEWH-EC, and Shenzhen Smart Community

Evaluation Index

Construction Guidelines. Some indicators which are
suitable for Taipei City can be incorporated into the
Taipei Smart Eco-Community Assessment Indicators.

In order to establish a rating system for intelligent

ecological communities, the domestic and international
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indicators of intelligent ecological communities was 4  Taipei Smart Eco-Community Assessment
classified into three types according to the design of Indicators

relevant indicators at home and abroad, and were
o ) ) ] Based on the analysis of the above-mentioned
classified into international, urban and regional types
) o ) ] domestic and international smart ecological community
according to the indicators. The international smart and ) o
o ) ) cases, this paper analyzes the smart ecological indicators
ecological indicators have a national policy framework,
) ) ) ] of three different scales in the international, urban and
focusing on national scale evaluation projects such as ) ) o
] o ) regional areas, and organizes them in different aspects, as
economic activities, policy measures, and smart
) ] ) a source for the follow-up of the exclusive intelligent
government, mainly based on cross-international ) o o
o o ecological community indicators in Taipei.
evaluation indicators; urban smart ecological indicators ) ) )
) o This study uses the relevant literature analysis and
are focus on countries. The urban service is between . . ] )
- ) ) ) case integration of the smart ecological community, and
cities. The evaluation project mainly covers the ) ) ) )
] ] ) ] cooperates with questionnaires, expert consultation
infrastructure, management  services, information ] _ _ _
] ) ) ] ) ) meetings, and actual case trial evaluation to verify the
integration and other service projects in the city; the S o ) )
) ] applicability of the “Taipei Smart Community Evaluation
scale scope of the regional smart and ecological
o ] ) ) ) Indicators”. The indicators are divided into seven major
indicators considers different architectural design, type
) ] ) ] areas: “Overall Development”, “Environment and
and other projects, and the evaluation projects emphasize ) ] )
o ) ) ecology”, “Security and Disaster Prevention®, * Healthy
more within the community. Categories such as ] ) )
] ] ) ] and Lifestyle”, “Transportation and Tourism”, “Green
architectural design, construction, and neighborhood
] Energy and Industry” and “Culture and Art”.
environment.

Table 1 Induction of various intelligent ecological community indicators

Category Indicator system

OECD Green Growth Indicators

International -
Smart city wheel

Asia Pacific Smart City Awards (SCAPA)

Indicators

US ICF Smart Community Assessment Indicators

City indicator - - -
China Smart City Evaluation Index System

LEED-ND
BREEAM-Communities
CASBEE-UD

Regional indicator —
Green Mark for Districts

EEWH-EC

Shenzhen Smart Community Construction Guidelines
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4.1 Overall development

In order to improve the development foundation of
the smart ecological community, this study screened two
indicators (Al. free Wi-Fi access coverageandA2. smart
street lamp setting rate) as the basic indicators. Designs
of smart ecological communities: (1) have perfect Wi-Fi
network connectivity, which is sufficient to increase the
penetration rate and usage level. This is the basic
requirement for the development of digital age areas; (2)
can increase energy efficiency through smart street lamps,
and monitor systems instead of traditional manpower
reduces maintenance costs and

inspection, which

improves maintenance efficiency.

4.2 Environmental Ecology

In this study, three indicators of “Bl. Effective
water storage per unit area of rainwater recycling system,
B2. Green area density, and B3. Air quality index (AQI)
excellent day-to-day ratio” were selected in the
evaluation index of smart and ecological community in
Taipei. To ensure that smart communities have sufficient
environmental and ecological standards. These three
indicators have the following functions: (1) To solve the
problems caused by insufficient water resources and
reduce heavy rainfall, improve surface runoff and
improve water use efficiency through good base water
and rainwater recovery mechanisms. (2) Establishing
parks and green spaces to alleviate the urban heat island
effect, adjust the urban microclimate, and enhance
outdoor thermal comfort. (3) Air quality will affect
human health. Therefore, it is essential to improve air

quality to protect people's health.

4.3 Security and Disaster Prevention

This study lists five indicators included in the
“Safety and Disaster Prevention Indicators Group”: “C1.
1,500-meter reach coverage for emergency shelters, C2.
Public monitor density per unit area, C3. Disaster
potential density, C4 . The water retention area density of
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the construction base and the C5. AED site setting
certification rate."

The purpose of each indicator is to ensure that: (1)
There should be sufficient emergency shelters in the
community to provide emergency evacuation of the
community in the event of a disaster to improve the
safety of the public space. (2) In order to reduce the
unsafe space inside the community, the community needs
to set up a public monitoring system to avoid the
occurrence of security blind spots. (3) Take measures
against the distribution of disaster potential areas in the
community to respond to future disaster prevention
measures. (4) In order to achieve the water retention
performance of the base, the community is able to retain
rainwater and retain rainwater in the natural soil layer
and hardware facilities in the building base. (5) In
addition to AED (automated external cardiac
defibrillator), all kinds of public places should also
strengthen the first-aid skills training and promotion to

increase the rescue survival rate after accidents.
4.4 Healthy and Lifestyle

This study screened three indicators: D1. Open
space 500 meters reach coverage, D2. Health care
coverage, and D3. Community care coverage. The main
goal is to ensure a healthy and comfortable environment
for smart communities: (1) The community has a good
open space plan to provide residents with activities,
entertainment and social gatherings, and to bring
together community awareness and improve the overall
quality of urban life. (2) The community has access to
good health care facilities, including clinics, medical
facilities, health service centers, and activity centers. By
organizing community activities and providing simple
exercise equipment to enhance the physical and mental
health of community residents. (3) The community has

access to community care services, including community



care site, elderly care mechanisms, child care systems,

and kindergartens.
4.5 Transportation and Tourism

Regarding to transportation and tourism, this study
includes three indicators: E1. Public bicycle system
penetration rate, E2. Electric vehicle charging pile 500
meters reachable range coverage, and E3. Smart station
setting rate. The aim is to strengthen the functions of the
intelligent ecological community in transportation and
tourism: (1) Maintaining a good bicycle system and
environmentally  friendly green transportation
characteristics, and enhance the scope and convenience
of mass transportation services. (2) Promote a friendly
environment for electric vehicles by setting up electric
vehicle related infrastructure. (3) Set up smart station
signs to help passengers in knowing the traffic transfer

information clearly and quickly.
4.6 Green Energy and Industry

In order to ensure that the intelligent ecological
community is in the “Green Energy and Industry” aspect,
this study selected two indicators to be included in the
“Green Energy and Industry” indicator group: F1.
Renewable energy capacity increase, F2. Participation in
the Taiwan Power Company Electronic demand bidding
system. Specific reasons and objectives: (1) Minimizing
the depletion of non-renewable energy through the use of
renewable energy (such as solar energy, wind power, tidal
energy, thermal energy, etc.) should be promoted by the
smart ecological community. (2) Applying -electricity
incentives to encourage people to save energy and save

money, creating environmental benefits.
4.7 Culture and Art

In order to construct a smart and ecological
community, the study included two indicators into the

Smart and Ecological Community Assessment Indicator System of Taipei City
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“Cultural and Art Indicators Group”: G1. Number of
cultural events held, and G2. Cultural and educational
facilities coverage of 500 meters. The intention is to
highlight: (1) The smart and ecological community must
include art and cultural activities and the development of
community art and culture. The energy of culture and art
can unite the overall consciousness of the community
and shape the sense of community identity. (2) Provide
cultural and educational platforms for community
residents through community workshops, community
colleges, libraries, art exhibition space, and art galleries,
and promote smart and

ecological community

development of community culture education.

5 Discussions

In 1999, based on the energy-saving design
regulations, Taiwan developed the “Green Building
Evaluation System”, which uses the four major
evaluation criteria of “Ecology, Energy Saving, Waste
Reduction and Health” (Lin, 2006). Therefore, it is
referred to as EEWH system. In 2012, the "Green
Building Assessment System - Eco-Community
(EEWH-EC)" wversion was updated to implement
ecological community assessments in communities, rural
settlements, aboriginal tribes, science parks, industrial
areas, and university towns (Lin, 2014). In this way, the
idea of sustainable development can be promoted from
the building to the community. The evaluation system of
EEWH-EC includes five categories of ecology, energy
saving and waste reduction, health and comfort,
community function and public security, which focus on
the ecological quality of the community and community
function. Ecological quality includes animal and plant
ecology, global environmental protection and sustainable
human survival; community function includes the most
basic convenience, health, comfort, efficiency, safety and
cultural function in life. It is emphasized that the
development of ecological communities should maintain
a balance between "human needs" and "ecological
environment".

47



SRy TR | 5 106 HARY T (AT {RERELAR IR T])
JOURNAL OF ARCHITECTURE, No. 106, Special Issue on Innovative
Low-carbon and Green Building

Table 2 Taipei City Smart Eco-Community Assessment Indicators

Category Indicators Indicator content description Reference
o Having perfect Wi-Fi network connectivity, which is sufficient
Al.free Wi-Fi access ) ) o Zanella et al.,
to increase the penetration rate and usage level, which is the
= coverage . o o 2014
§ basic condition for the development of digital age areas.
O It can increase energy efficiency through smart street lamps,
< ) ) N Zanellaetal., 2014;
A2.smart street lamp ~ and monitor systems instead of traditional manpower Ml .
tllner, R.,
setting rate inspection, which reduces maintenance costs and improves )
) o Riener, A., 2011
maintenance efficiency.
B1. Effective water To solve the problems caused by insufficient water resources
= storage per unitarea  and reduce heavy rainfall, improve surface runoff and improve Oh, Kim, &
O
5 of rainwater recycling water use efficiency through good base water and rainwater Jeong, 2005.
[}
-c% system recovery mechanisms.
& Establishing parks and green spaces to alleviate the urban heat
£ B2. Green area ] ) o Kong &
o ) island effect, adjust the urban microclimate, and enhance )
S density Nakagoshi, 2006
5 outdoor thermal comfort.
o

B3. Air quality index
(AQI) excellent
day-to-day ratio

Air quality will affect human health. Therefore, it is essential

to improve air quality to protect people's health.

Frasera et al.,
2006

C. Security and Disaster Prevention

C1. 1,500-meter

reach coverage for

There should be sufficient emergency shelters in the

community to provide emergency evacuation for the

Satterthwaite,

community in the event of a disaster to improve the safety of 1997
emergency shelters

the public space.

In order to reduce the unsafe space inside the community, the
C2. Public monitor

community needs to set up a public monitor system to avoid Suetal., 2011

density per unit area

the occurrence of security blind spots.

C3. Disaster potential
density

Take measures against the distribution of disaster potential
areas in the community to respond to future disaster

prevention measures.

Norris et al., 2008

C4. The water
retention area density
of the construction

base

In order to achieve the water retention performance of the
base, the community is ableto retain rainwater and retain
rainwater in the natural soil layer and hardware facilities in the

building base.

Norris et al., 2008

C5. AED site setting

certification rate

In addition to AED (Automated External Defibrillator), all
kinds of public places should also strengthen the first-aid
skills training and promotion to increase the rescue survival

rate after accidents.

Louis et al., 2014
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Category Indicators Indicator content description Reference
The community has a good open space plan to provide
D1. Open space 500 . . o ) ] . )
residents with activities, entertainment and social gatherings, Saldivar-tanaka &
meters reach ) ] )
and to bring together community awareness and improve the Krasn, 2004
coverage ] ]
g overall quality of urban life.
é The community has access to good health care facilities,
-
= including clinics, medical facilities, health service centers, and )
IS D2. Health care o o ) o Weinehall et al.,
2 activity centers. By organizing community activities and
= coverage o ) ) ] 2001
2 providing simple exercise equipment to enhance the physical
) and mental health of community residents.

D3. Community care

of the community has access to community care services,

including community care site, elderly care mechanisms, child

Department of

E3. Smart station

setting rate

Set up smart station signs to help passengers in knowing the

traffic transfer information clearly and quickly.

coverage ) Health, 2006

care systems, and kindergartens.

E1. Public bicycle Maintaining a good bicycle system and environmentally  Midgley, 2011;
£ system penetration friendly green transportation characteristics, and enhance the Fishman et al.,
§ rate scope and convenience of mass transportation services 2015
?; E2. Electric vehicle Bradley & Frank,
c
2 charging pile 500 Promote a friendly environment for electric vehicles by setting 2009
[

’g_ meters reachable up electric vehicle related infrastructure. Rahman et al.,
(%2}

§ range coverage 2016

|_

i

Ning et al., 2017

F. Green Energy and Industry

Minimizing the depletion of non-renewable energy through

F1. Renewable ) Walker &

] the use of renewable energy (such as solar energy, wind ) )
energy capacity ) Devine-Wright,
) power, tidal energy, thermal energy, etc.) should be promoted
increase ) ) 2008

by the smart ecological community.
F2. Participation in Applying electricity incentives to encourage people to save
the Taiwan Power energy and save money, creating environmental benefits.
Palensky &

Company Electronic

demand bidding

system

Dietrich, 2011

49



SRy TR | 5 106 HARY T (AT {RERELAR IR T])
JOURNAL OF ARCHITECTURE, No. 106, Special Issue on Innovative

Low-carbon and Green Building

(Continued) Table 2 Taipei City Smart Eco-Community Assessment Indicators

Category Indicators Indicator content description Reference
The smart and ecological community must include art and
cultural activities and the development of community art and
G1. Number of )

culture. The energy of culture and art can unite the overall Schulenkorf, 2012

= cultural events held ) )

< consciousness of the community and shape the sense of

Ee]

§ community identity.

2 Provide cultural and educational platforms for community

3 G2. Cultural and ) ) )

. ) o residents through community workshops, community colleges, )
© educational facilities Bachleitner &

libraries, art exhibition space, and art galleries, and promote

coverage of 500

Zins, 1999

smart and ecological community development of community

meters )
culture education.

The "Taipei Smart and Ecological Community
Assessment Indicators" is similar to "EEWH-EC" since it
maintains the balance between "environmental ecology"
and "residence health and safety" and incorporates many
important indicators into the system; culture, art, disaster
prevention, transportation, and green energy.

The difference is that the "Taipei Smart and
Ecological Community Assessment Indicators" have
included the "Industry" and "Tourism" indicators to
promote sustainable development of the community.
Meanwhile, in setting the evaluation indicators, the
"Taipei Smart and Eco-Community Assessment
Indicators” must fully comply with the policy of the
Taipei City, which is different from the basic
considerations of "EEWH-EC" which is applicable to
Taiwan.

This study is based on "Documentation Analysis",
"Reference to Existing Smart and Ecological Community
Assessment Indicators”, "Case Analysis", "Expert
Questionnaire”, "Expert Discussion" and "Executive
Conference" as the important tools for developing

"Taipei Smart Eco-Community Assessment Indicators".
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Besides, this study also targets three experimental areas:
one residential district, one commercial district, and one
industrial park district. The actual index system is used to
carry out calculation and evaluation, and the applicability
of the indicator system is confirmed. At the same time,
based on the trial results, the required adjustment for the

indicator system is performed.

6 Conclusion and Suggestion

In response to the trend of climate change and urban
competition, Taipei City has been promoting smart
eco-community demonstration projects since 2015 with
the combination of smart cities, rural cities and
communities to achieve the goal of low-carbon green
energy and ecological sustainability. In order to
effectively use the limited governmental resources, the
established indicator system for the smart ecological
community in Taipei will be adopted as a standard for
improving the regional environment and the allocation of
municipal resources effectively.

In order to establish the indicator system of the

intelligent community in Taipei, this study will first



analyze and integrate relevant literature and cases related
to the intelligent ecological community through literature
collection and case analysis. The results from studying
national cases and literature will serve as important
reference for the establishment of evaluation indicators
of the smart ecological community in Taipei.

Base on the results of two expert consultation
meetings, this study summarizes six major indicators:
transportation, environmental ecology, green energy
industry, safety and disaster prevention, healthy living
and humanities. It is suggested that the follow-up study
can carry out trial calculation and adjustment of the
content of this indicator, and update the data and content

every 3-5 years.
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