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Abstract—Industries in Taiwan have developed for up to 60
years, but many industrial zones, pieces of industrial land or
other related resources have gradually shown signs of
decline, and manufacturers and factories have even gone
bankrupt or transferred their production sites to other
countries, which has caused the redundancy and neglect of
the industrial land. Most of these sites were originally
located in the urban fringe, but are, due to the cities’
expansion and alteration, now gradually adjacent to them.
Civilians and environmental groups are considera-bly
concerned about the impact of ""brownfield" on their sphere
of life. Accordingly, the study summarizes the relevant
research and data regarding brownfield, and constructs the
evaluation indicators of the regeneration of brownfields
through empirical research of FORMOSA CHEMICALS &
FIBRE CORPORATION. The purpose of the study is to
offer indicators, in multiple aspects, for assessment and
inspection, in hope of being a reference to the relevant
policy and studies of the assessment for activation and
regeneration of brownfields, so that the brownfields in cities
can play its due value.

Index Terms—Brownfield, re-development

I.  INTRODUCTION

While Taiwan has experienced decades of high
economic growth and urban development up to the
present time, the industry structure has changed.
Nevertheless, the land has been continuously developed
in the pursuit of economic progress, causing urban
growth to be out of control. Constant development toward
suburban area also results in the decline of city central
parts[1]. Notably, the rapid growth of Taiwanese
industries in the 1950s to 1980 has led to the construction
of numerous pieces of land for industrial purpose.
According to the statistics in 2012 by Bureau of Industry,
Ministry of Economic Affairs, the current land area of
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urban planning industrial zones is 21,999.23 hectares, and
that of non-urban D-class construction land is 22,284.94
hectares. However, the industries in Taiwan has
continually developed to the present time, many of which
have gradually declined and transferred their production
sites from Taiwan to other countries, as the times and
industrial structure change. In addition, policies have
been focused on economic development in the past,
neglecting the importance of environmental protection,
for which industrial development and its alteration have
even caused land pollution, or conditions such as
redundancy and neglect or abandonment. Nonetheless,
opinions and thoughts about development of brownfield
are still not be concerned or adopted in Taiwan.
Brownfield development can only apply the laws and
approaches relevant to urban planning and urban renewal,
but relevant pollution remediation falls within the
responsibility of environmental protection authorities.
Moreover, other bottlenecks exist, to the implementation
of the regeneration of brownfield, such as lack of large
amounts of money and technology, the prolonged process,
etc. For this reason, the study has reviewed relevant
domestic and foreign literatures and related cases, and
summarized the environmental, social and economic
problems of industrial zones in Taiwan, attempting to
apply the thought of brownfield regeneration to the cases
in Taiwan. The purpose of this study is to construct
assessment indicators for regeneration of brownfield,
through the empirical case study on Changhua Plant of
FORMOSA CHEMICALS & FIBRE CORPORATION
(hereinafter referred to as FCFC plant), which has
reviewed the current condition of the brownfield in that
plant, hoping to offer a new thinking direction for
regeneration of brownfield, in consideration of
environmental protection, socioeconomic factors, and
sustainable development.
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Il. LITERATURE REVIEW

A. Formation and Definition of Brownfield

Most brownfields are the deserted fields after industrial
economic activities. They began to appear in the first
stage of industrialization, and in Europe, they emerged in
the United Kingdom in 1800-1914, in Germany in 1870-
1940, in most of Eastern Europe and Southern Europe In
1900-1970[2], but in the United States in the period
between 1877 and 1980. Along with the general urban
development trend, brownfields are involved in the urban
sprawl, and are also the result of the influence of urban
economy and culture. Namely, brownfields are the
irreversible consequence of the land use for extensive
industrial development in the early stage. The problem of
early brownfields did not attract much attention from all
sectors of the community. In recent years, with the
awareness of environmental protection enhanced, the
problem of brownfield is increasingly noticed. The
government and regeneration of brownfields can not only
provide local authorities with financial income and
employment opportunities, but also comprehensively
promote the development of society, economy, and
environmental health, leading to win-win benefits in the
economic and environmental aspects[3].

However, the formation of brownfields is often
accompanied by changes in urban structure, industrial
restructuring, environmental pollution or other factors.
Moreover, urban development is even severely affected
by the redundancy and neglect due to the outward shift of
industries, and low or improper use and under-utilization
of brownfield. A number of pollution incidents have
broken out and pollution sites have emerged in Taiwan
over the past few decades, along with the process of the
active development of secondary and tertiary industries.
Considering the nature of industrial development in
Taiwan and the characteristics of Taiwanese brownfields,
the most significant discrepancies between Taiwan and
foreign brownfields are their scopes and locations. An
entire metropolis is likely to be regarded as a potential
foreign brownfield site, but in terms of scale[4], a
Taiwanese brownfield is usually hidden in an individual
factory or on an idle piece of land, which is situated in the
fringe of urban planning zones.

‘ Previously developed Land and/or buildings ‘

‘ Rural and urban Not in currnet use ‘

-
Brownfield
‘ I and contamination }7 MAYBE '— Statutory contaminated
land
‘ Partially occupied H Vacant H Derelict H Green Blet ‘

Figure 1. Brownfield definition diagram.
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Therefore, according to the above analysis,
brownfields are the deserted land and are transformed
into dilapidated sites, after the industrial economic
activities that utilized them, and they may be associated
with pollution, waste, redundancy and neglect, low use of
land, or other issues. Moreover, the term “brownfield” is
profoundly discussed and explored in Germany,
European Union, China and other countries, while in
Taiwan, in-depth discussion or research is not common,
but is only in the form of a certain initial concept or an
exploration.

B. The Implication of Brownfield Regeneration

The emergence of brownfield not only results in the
shattering urban space, and the disappearance of urban
functions, but also wastes the resources of urban
development, enhances crime rates, and causes economic
depression, environmental pollution or other problems.
Therefore, the development of brownfield shall be
considered to be a sustainable development concept, and
its goals are to mend the developed space and integrate
functions in urban areas, to improve the urban public
facilities and enhance disaster prevention as well as other
functions, meanwhile meeting the economic and social
needs of current and future generations. "European Urban
Environment Brownfield Sustainable Development Plan”
demonstrates that the sustainable development of
brownfield is an approach to managing and mending land
use, and to ensuring that the present and future needs of
human beings will be satisfied, within the areas which are
environmentally sensitive, economically and socially
acceptable where social systems are healthy. Moreover,
the benefits of regeneration of brownfield include
alleviation for the pressure of land use, intensive and
economical use of land, stimulation on economic growth,
facilitation in the improvement of the environmental
quality and economic development of the whole society,
and a positive effect on the ecological environment and
human health[5]. For these reasons, this study
summarizes the perceptions and opinions of many
scholars on the regeneration of brownfield as shown in
Table | and Fig. 2.

TABLE I. SCHOLARS OPINIONS ON BROWNFIELD

Scholar Opinion

Sustainable development includes not only the
effective usage but also protection, conservation
of land resources, and improvement of or treat-
ment for those polluted fields. Moreover, issues
concerning social structure and brownfield re-
generation do not just involve land economy and
industrial technology, but should involve overall
consideration of sustainable development of
brownfield, encompass the restoration of ecosys-
tem together with industrial landscape redevel-
opment.

It is agreed that more available land can be ac-
quired for the community through the combina-
tion of future land use and brownfield regenera-
tion, which offers the required resources, sup-
ports lives, and eliminates the idleness and desert
of brownfield.

Yu-Chi Teng
(2006)

Donati et
al.
(2004)
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The main advocacy of brownfield regeneration is
concerned in the sustainable development of the
environment, economy and society, which re-
garding environment, is to remove and process
the hazards and contaminants produced by the
previous industries and provide newly available
space, which concerning economy, is to provide
the opportunities of development to the city, the
region, and industries through brownfield regen-
eration, and which in regard to society, is to

Yaévr-]f;lang furnish a new alternative method to urban and
(20039) local areas, to supply different development

chances for the community, leading to the con-
sensus and contentment of the community. In
addition to the economic, environmental and
social factors, brownfield regeneration imple-
mentation also requires the coordination of the
different interests parties, including supervisory
authorities, investors, landowners, developers,
advisory firms, academics, experts, community
groups, technology providers, financial sectors
and other sponsors.

C. The Effect of Brownfield Regeneration

Brownfield regeneration is an issue arising from the
problems due to the brownfield and seeks to resolve
problems that are found Therefore, the regeneration can
both solve the existing problems and produce other
benefits, of which a detailed summary is itemized in the

It is indicated that perceptions of development of
industries and environments with the notion of
sustainable development provide mankind with
the reflection on the relationship between surviv-
al and the natural environment. The development
can not only employ the route of industrial herit-
age itself in implementing the conservation,
rehabilitation, and improvement of the environ-
ment, but also realize the regional environmental
potential of re-development after the environ-
ment is improved.

Hua-Ting Yang
(2006)

* Create local job opportunities
and offer education and training

* Increase taxes income, attract
investment, and increase land
value

* Make green by means of
maintenance / management

* Reduce urban sprawl

* Reduce the pressure on
green development

* Prevent / reduce pollu-
tion

* Improve the quality of
the environment and
create more green space

[Economic]
Increase job op-
portunities and
generate revenue

[Environment]

Natural environment,
such as renewable,
available resources

Sustainable
economic

Sustainable
development

Local gov-
ernment

[Society]
Social inclusion and
communication, such as
community

* Renew old community

* Develop brownfield into residential, commercial area

* Make green to promote community value (eg park, community
public space development)

* Provide good public services (such as schools, recreation, etc.)

Figure 2. Regeneration of brownfield.
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respects of environment, economy, and society.

TABLE Il THE EFFECT OF BROWNFIELD REGENERATION
CATEGORY DESCRIPTION
Respect Itemized Benefit Description
Creation of
employment Education and training are offered
opportunities to the local residents, and job oppor-
and high income | tunities are created.
potential
Facilitation  of Mor_e_job opportu_nities are provided
labor market to citizens, reducing the searches of
efficiency Job_ an_d Worker, and the cost of
switching jobs.
Tax increase 'I_'he land is reemployed_ on produc-
tion, and the land value is enhanced.
Possibly, the quality is improved of
Economy Spillover effect | neighboring environments, and the
on economy the economic growth is promoted in
the overall region.
Reduction in
congestion, Urban sprawl is reduced and re-
traffic accidents, | placed.
and road costs
Advantages of urban residences are
Prevention  of | added, new construction develop-
residential aban- | ments are prevented, and crimes are
donment precluded and environmental aes-
thetics is facilitated.
The existing risks are evaluated, and
R_educe health reduction ig made in pollution and
risks
hazardous exposures.
Environmental Population benefited by the regen-
Environ- justice eration is estimated.
ment ;reec:/jgttilc?r?in g{{' Urban_ sprawl is curbed with air
pollution pollution controlled.
Creation of | Parks, open areas, and community
green space gardens are developed.
Increase the
convenience of | Business developments are imple-
assessed ser- | mented.
vices
Affordable Houses are constructed on the
residences brownfield.
Re-granted
supervision and | The community is developed, and
authorization to | residents’ hope and self-esteem are
Society the  neighbor- | restored.
hood
- . Better public utilities, such as
Facilitation  in - .
municipal  ser- sch_o_o!s, transportatlor}, recrea?lonal
vices facnlmes are offered in the city to
increase tax income.
The quality is improved of the envi-
. ronment in the vicinity, especially
Aesthetics value through the development of parks,
open areas, and community gardens.
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I1l. RESEARCH METHOD

This study, through literature review, interviews, case
evaluation and analysis, constructs the reviewed
regeneration evaluation frameworks of brownfield, and
applies Fuzzy Delphi Method for induction on reviewed
indicators, and afterward analyzes and probes into the
relative weights between the indicators, for the reference
of the follow-up study on construction of evaluation
indicators for brownfield regeneration. Furthermore, the
study, through the in-depth interviews with experts in
various relevant fields, explores their opinions and advice
on brownfields regeneration policy, and collects the first-
hand information from their abundance of knowledge to
enhance the depth and breadth of this research.

IV. INDUSTRIAL STRUCTURE CHANGES OF FCFC
PLANT AND RELEVANT ISSUES

A. Changes in Industrial Structure

FCFC plant set up factory in Changhua, Taiwan in
1965, which led to local economic development and
offered abundant employment opportunities. More than
6,000 jobs were created during the period of its greatest
prosperity, and that was also important for Taiwan in the
economic take-off stage. However, changes in industrial
structure and the transfer of production sites cause
development bottlenecks of textile industries in Taiwan,
especially staple fiber business. It is estimated that sales
of related products will not grow within next 50 years,
and Vietnam and the countries in Southeast Asia are
increasingly developing their textile industries with their
cheap labor, so that FCFC plant has lost its competitive
advantage. With that disadvantage, the company, after
being struggled by environmental groups, eventually shut
down its factory in 2016, and is currently planning how to
transition.

B. Influence of Brownfield Regeneration on the Local
Area

The location of FCFC plant is located on the
borderland between Changhua Old City and the area in
the Extended Urban Plan, and in the surrounding area are
many settlements and residents. However, according to
many relevant reports and the opinions of the
environmental groups struggling against FCFC plant, the
factory has a considerable negative impact on the local
area, and the affection of air pollution is notably
tremendous, so the factory had been constantly requested
to relocate. However, it is undeniable that FCFC plant has
made a considerable contribution to the local economy.
An interviewee, during an in-depth interview, expressed
that the development of a city cannot proceed without
economic support. Therefore, it is an important issue of
how a consensus can be reached among the local
residents to resolve the negative conflict, so as to guide
the impact of FCFC plant on the local area toward a
positive direction.
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C. Mechanism and Approach of Brownfield
Regeneration

Through the analysis of above information and the
compilation of the interview data, the domestic operation
mechanism of and approach to brownfield regeneration is
quite immature. Additionally, in the case that FCFC plant
is private properties, those issues, which have not been
settled, need considerable discussion and negotiation,
such as how brownfield regeneration is operated in the
future, how feedback is made or other relevant
regeneration mechanism. Accordingly, the major issue on
brownfield regeneration is to establish a set of
comprehensible and definite mechanism, regulations or
others.

D. Impact of Development of Brownfield from the past
to the Present on Urban Structure, Environment,
Society and Economy

FCFC plant was located in the fringe area of Changhua
City in the past, and with the expansion of the city, is
now adjacent to the urban area, for which FCFC plant has
an impact in multiple respects. In the urban plan on
expansion and rezoning of Changhua City, the plant plays
an important role in the urban structure of the entire city.
In the scope of the renewed old town of Changhua City,
FCFC plant is situated in the core area, so the
transformation and the regeneration of the factory are
bound to have a significant influence on the future
development of Changhua City, the local environment,
economy and society.

E. Issues Concerning Brownfield Regeneration,
Requiring Attention and Priority

The problem concerning brownfield impacts the
environment the most, and various controversies over the
matter arise in different cases. However, the causes, in a
macro point of view, transforming this problem from
industrial transition into an issue of prime importance,
include both the pollution problems caused by most
brownfields, and the fact that neither an overall strategy
is devised and applied during industrial transition and
urban restructuring process, nor an industrial
development strategy for the next stage is planned and
executed, which would result in land speculation.
Therefore, whether to include the brownfield issue as a
part in the overall urban planning is the advisable
direction. Furthermore, more important topics for
brownfield regeneration are the explicit mechanism of
operation and the establishment of a mature platform, as
the cross-departmental collaboration is imperfect or even
uncoordinated among the government agencies,
especially for such an issue as brownfield involving
multiple entities. Besides, important as environmental
protection and prevention on negative social impact are, a
city is not able to operate sustainable development with
no economic support. However, concerning brownfield
regeneration, in which direction would industrial
development be is also an important part of urban
development. Therefore, this study concludes the analysis
results as follows:
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1. Brownfileds were on the edge of the city, which had
relatively little impacts on the city, but in present days,
they have been closely adjacent to the urban area, so the
according impact should be reviewed from the start.

2. Brownfields should be incorporated into their urban
planning with the relevant issues derived from urban
sprawl.

3. As brownfields definitely have a certain impact on
the economy, the society, and the environment, the criti-
cal issue is to achieve a balance so that the land can ac-
complish its sustainable redevelopment.

4. Regulations are required for determination and solu-
tion of environmental pollution caused by brownfield.

5. As brownfield is also applied to industrial purposes,
it is necessary to establish industrial development strategy
to realize its regeneration.

6. The role and application of the brownfield should be
positioned in the overall urban structure.

7. The mechanism and the platform of operation for
brownfield regeneration.

8. Financial support for budget and the growth of eco-
nomic benefit.

9. The regulations and standards of the feedback sys-
tem.

F. Hindering Factors and Conditions of Brownfield
Regeneration

1. Hindering factors of brownfield regeneration in a
macro view

Based on the analysis of the interview results, the
problems confronting brownfield regeneration are
considerably various and it is impossible to enumerate all
the items. Therefore, a mechanism and platform is
required to match specific entities for the solutions as the
problems are involved in multiple parties. Take the FCFC
plant case for example. Besides the government
institutions, a number of environmental groups and
civilians are concerning themselves with the regeneration
project of FCFC. As FCFC plant is also an affiliate of
Formosa Plastics Group, it is essential to coordinate their
opinions, to match that of the government, citizens, non-
government groups, FCFC plant. Accordingly, this study
concludes that the sound platform is needed for
collaborative thoughts on and solutions to the relevant
problems, so as to accelerate the implementation of this
project and tackle related issues.

2. Conditions or Factors Required for Brownfield Re-
generation

In Taiwan, most brownfield regeneration are classified
as land for industrial zone or of D-class construction, and
actually, the current effective laws and regulations,
except those concerning cross-department coordination,
have been developed for a long time. Therefore, it is
considerably difficult to challenge the present rules in
Taiwan. However, in such an operating mode, many
problems are definitely worthy of discussion. And in
reality, according to the interview results, most experts
initially considered it essential that a specifically
responsible institution be established, but they ceased the
discussion on the proposition when inquired of the
applicable law and the method of establishment. However,
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many foreign cases can be learned and referred to. For
instance, the United Kingdom began urban regeneration
in the 1980s, which applied a public-private partnership,
and the modern THAMES GATEWAY
REGENERATION COMPANY is also a case worthy of
reference. Nonetheless, it is attempted in Taiwan to settle
most current regeneration matters via the conventional
bureaucracy, and those involved parties are not aware that
the regeneration can be executed through the a public
private partnership, and it is not obvious that the public
sector is willing to share the power. Therefore, it is still
necessary to follow the present mode of operation in
Taiwan, for still the public-private partnership, the third
sector, or other specifically responsible agencies are
immature , and the progressive maturity of such
mechanism needs empirical accumulation and changes in
thinking. Accordingly, the report itemizes the study
results as follows.

a. Brownfield regeneration should be a part of the
long-term urban planning, and its development mode
should be explicitly positioned in the urban development
strategy.

b. The cases of the specifically responsible institutions
undertaking brownfield regeneration can provide
references for the regeneration practice in Taiwan.
However, the existing laws and procedures should be
reviewed and examined first because of the prevailing
restrictions of laws and regulations, authorities and
responsibilities.

V. CONSTRUCTION OF BROWNFIELD REGENERATION
INDICATORS

The study has developed evaluation indicators for
brownfield regeneration, and concludes that the
assessment must proceed in consideration of six levels,
after studying and researching on the relevant literatures
and materials, and after open interviews with experts and
scholars in restrictive and objective conditions. The
brownfield regeneration indicators description as shown
in table III.

TABLE III. BROWNFIELD REGENERATION INDICATORS
DESCRIPTION
Goal Layer Description
Layer 2
The formation of brownfield is due to the past
development of the industry, resulting in the
Envi- poIIutio_n of industrial m_anufacture proceQure to
ron- the environment. Accordingly, the evaluation for
regeneration must take into account the environ-
Brown  mental L -
field mental conditions, any concern regardlng pollq—
Re- tion, and the extent of contribution to the envi-
gener- ronment. _ _
ation The Iong-te_rm impact of the brownfield on _the
evalu- local area is tremendous, so the regeneration
ation Society evaIL_Jatlon should be associated with _the rights
indica- and interests, development or other social factors

concerning the local area, so as to estimate the

tors contribution to the local community.

To assess the contribution of regeneration to the
Eco- economy, taken into consideration and explored
nomic are the benefits of economic development, and
the industrial operation model of regeneration,
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industrial capacity or other economic factors.

value

As brownfield regeneration is realized through
the cooperation and specialization in various

Benefits from promotion of
the local economy

Price change rate of the
surrounding real estate

Percentage of site land value
added

ll:’nihfg fields, discussed are the mechanism and opera-
IeF-) tion regulations of policy implementation, and
&enta- aware of are the laws and regulations, systems,
. implementation approaches, or other policy-
tiont : -
relevant factors concerning brownfield regenera-
tion.
Resi- Taken into consideration are of brownfield re-
dence generation, the influence on residence and life,
and and the extent of contribution to the quality and

Life the need of life.

Unemployment rate and
employment rate

The extent to which the
government implements the 5 8 7 10 6 9 642 v
project

Taken into consideration are the extent of
Health  planned contribution to the safety of citizens, and
and the factors regarding assessment and control of
Safety the impact of brownfield regeneration, on citi-
zens’ health.

Implementation approaches,
resource allocation and
planning on public - private
partnerships

According to the need of this research, questionnaires
of the study are distributed mainly to experts, officials
and scholars, who have acquired the fundamental and
relevant knowledge regarding brownfield and urban re-
development. Thirteen questionnaires have been issued
and distributed, and ten have been collected, with two
invalid ones included. After the arithmetic mean is
calculated of the data collected in the study, the research
threshold of the study is set as 7.0, which is within the
commonly accepted range of 6-8, and the data with Gi
value below 7.0 have been eliminated. Consequently, the
recommendations are produced on the suitability and
importance of and “indicators for evaluation of
brownfield regeneration.” as shown in Table IV.

Prevention of land specula-

: 5 8 7 10 6 9 832
tion

Establishment of incentives
and feedback system 5 9 9 10 7 9 820

Sound legitimate basis 3 9 7 10 6 10 7.80

F?I(;?]rdmatlontoIanduse 3 7 6 10 5 10 788

Public safety measures plan-

h 5 7 8 10 7 9 695 v
ning

Environmental green area
ratio and per capita area of 4 7 6 10 6 9 735
open space in green space

Integrity of human-oriented

traffic planning 4 8 7 10 6 9 65 v
Mobility of public transport 3 8 6 10 5 9 734
Indus?rlal transport line 4 7 6 9 5 8 69 v
planning

Impact of site use 4 7 6 10 5 9 648 v

Operational approaches to
management and monitoring 5 9 8 10 7 9 632 v
of environment

Disaster prevention base and

0 : 4 9 8 10 6 10 84
facility planning

TABLE IV. Fuzzy DELPHI METHOD QUESTIONNAIRES RESULT
Evaluation Indicators .C' .O' 2 Elimi-
min max min max min max nated

Escape shelters and evacua-

tion routes planning 4 9 7 10 6 9 83%

Assimilative capacity of 6 8 9 10 8 9 820

Green energy use and reuse 38 6 10 5 9 785

environment planning
Improvemente_xtentofenw- 5 8 8 10 7 9 760 Thgpossmllltyofhealthy 4 8 7 10 5 10 683 v
ronmental quality lesions

Investigation, evaluation,
and remediation of hazard- 5 9 9 10 7 10 850
ous substance

Waste management of indus-

trial development 4 8 6 10 5 9 762

Ecological protection and
rehabilitation planning

N
o
~

10 6 10 9.00

Growth and decline of bio- 3 7 7 9 4 8 620 v

diversity

Changes to green space 4 7 6 10 5 9 700
Growth and decline of land-

scape functions in the envi- 4 8 6 10 5 9 649 v
ronment

Employment opportunities

3 8 7 10 4 9 661
for the local populace v

Preservation of cultural

2 7 6 10 4 10 739
assets

Enhancement of social secu-

- 2 7 54
rity and welfare 6 9 5 8 65 v

Increase the area of public

5 7 7 10 7 9 750
facilities

Care for underprivileged

1 7 6 9 5 8 700
Groups

Community development

and identification 4 8 8 10 7 9 800

Promote population dynam-

ics to facilitate local devel- 2 7 6 9 5 9 800
opment
Diversification in industrial 5> 7 6 10 5 9 658 v

structure

Increased industrial output 4 7 7 9 6 8 650 v
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VI. CONCLUSION

A. Impact on Taiwan of Brownfield Regeneration

This study, by literature analysis and expert interviews,
probes into the origin and development of the brownfield
in Taiwan, and then further explores the impact of
brownfield regeneration on Taiwan. It is concluded that
the area is considerably finite of land in Taiwan, but in
the industrial development, numerous plants and
industrial zones have been built in Taiwan, which indeed,
has created an economic miracle for Taiwan in the past,
and also laid the current industrial basis of Taiwan.
However, with the progress of time and industrial
structure changes, many industries are facing the
dilemma of elimination or migration, identical to FCFC
plant, the case in this study, but this study assumes that
the approach to future development is to enhance product
value through transformation and redevelopment, adapted
to the international trends of environmental protection
and low pollution. Nevertheless, in the expansion and
alteration of wurban structure, the location and
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regeneration of brownfields affect the development of the
cities which the sites are situated in. For instance, the
brownfield such as FCFC plant site, the area of which is
so immense that it should be taken into consideration in
the urban planning process. As the experts proposed that
the city should have had a comprehensive strategic plan,
in which each single piece of land plays its due role and
function. Accordingly, the impact on Taiwan of
brownfield regeneration includes not only the
improvement of environmental quality and solution to
pollution, but also the enhancement of its economic
power and its influence on society, through innovative
thinking regarding regeneration.

B. Evaluation Indicators for Brownfield Regeneration
in Taiwan

The study has summarized that the fields on
brownfield regeneration in Taiwan are very complicated
and professional, after the analysis of brownfield
regeneration and the expert interviews. Therefore, it is
expected that the developed indicators can be applied to
the ecological restoration of brownfield and the basis of
probe into brownfield regeneration, so that the study may
realize its due value, meaning that the regeneration is not
just a single land development that becomes a price
creation. However, due to the unique characteristics and
differences of other brownfields, it is proposed to
supplement additionally critical assessment items for a
single regeneration case, and to adapt the indicator groups
to the distinct nature of the brownfield. The evaluation
indicators are summarized as follows table V.

TABLE V. BROWNFIELD EVALUATION INDICATORS SUMMARIZED
Aspect T:g:ggé?: Explanation
Apply the evaluation items stipulated
by Environment Protection Admin-
istration (hereinafter referred to as
EPA), including soil, geology, topog-
raphy, surface water and groundwater
Assimilative resources, water quality, air quality,
capacity of noise, meteorological or ther_ main
- factors, to assess the contribution of
environment : . .
brownfield regeneration to environ-
mental carrying capacity, and to moni-
tor its quality and maintain the per-
formance to meet the Standards, so as
to achieve the goal of environmental
] cleaning and protection.
E)mvr;]-en— o Invgstigate, rectify and monitor con-
tal As- Investlgatlon, tfimmants accordl_ng to the EPA Pollu-
pect evaluation, tion Control Project, such as wastes,
and remedia- toxic chemicals and radioactive mate-
tion of haz- rials, which may be remained by the
ardous sub- past industries. Notably, any factors
stance must be described that affect the safety
of residence.
Assess the contribution of brownfield
. regeneration to the areas of natural
Ecological . )
protection ecosystem, including land ecolo_gy,
- water ecology, natural ecological
and rehabili- ! ;
- landscape, habitat and other major
tation plan- -
ning areas, so as to a_chleve the goa_l_of
ecological protection and rehabilita-
tion.
Changes to Assess the contribution of brownfield
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green space

regeneration to the growth rates of
major green space, including the
growth rates of tree planting and green
area in natural environment.

Preservation
of cultural
assets

As the value of historical and cultural
assets lies on the base to understand
the important meaning of human histo-
ry, not only should those declared
historical resources with cultural assets
be preserved, but their potential re-
sources also be described, such as
historical sites, historical buildings,
cultural assets, industrial landscape,
relics, settlement culture, cultural
activities, local cultural characteristics,
landscape recreation resources and
other major areas.

Increase the
area of public

Public facilities are constructions
serving the public, including transpor-
tation, and facilities for people’s live-
lihood and leisure, education and
cultural activities. With the increase in

facilities the area of public facilities, the number
. of served people by the base is accord-
Society inaly i d
Aspect ingly increased.
Assess the contribution extent of
Care for . .

. brownfield regeneration to the care of
underprivi- dernrivileged d blighted
leged Groups underprivileged groups and blighte

communities in the surroundings.
As the long-term industrial develop-
ment on the brownfield has led to the
Community stigma attached to and the sense of
development disagreement with the locality, assess
and identifi- the contribution extent of brownfield
cation regeneration to the overall improve-
ment of the community and the recog-
nition of the people to the local area.
Population dynamics has always been
the power source of urban develop-
Promote he b field -
opulation ment, the brownfield regeneration
5 - facilitates the increase in the local
ynamics to - .

o population and causes the regional
facilitate local lation infl driving th h
development population inflow, driving the growt

of human resources that urban devel-
opment needs.

. Assess the contribution extent of
Beneflt_s from brownfield regeneration to the local
promotion of ind bili ind dri
the local industry  stability, industry-driven

Econom-  econom effect, local industrial development
- Y and economic interests.
ic Aspect Price change
rate of theg Assess the contribution extent of
- brownfield regeneration to the real
surrounding . -
estate in the peripheral areas.
real estate
Implementa-
tion ap- Assess the coordination extent on
proaches, ;
resource operation among the government,

: citizens, and the third sector, in which
allocation and . -

. approaches are proposed to incentive
planning on . -

ublic - pri- system, resource allocation, and policy
P implementation.
vate partner-
Policy ships
Imple- Land speculation is a major issue of
menta- urban development dilemma. For the
tion Prevention of ~ smooth operation of urban functions,
Aspect land specula-  prevention of land speculation can
tion curb improper land use, and land pric-

es speculation, facilitating the devel-
opment of urban functions.

Establishment
of incentives
and feedback
system

Current urban renewal incentives:
building dimension rewards, building
dimension transfer, reduction of or
exemption from tax and others; feed-
back means that the actor of land
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change is responsible for the cost of
such alteration, according to the phi-
losophy of internalization of external
cost, and that feedback is required
from the value - added benefits of such
alteration, in accordance with the
philosophy of accruement of land
value increments to the public. Feed-
back contribution items include land,
cash equivalents, planned road land,
building a planned road, construction
of park square, floor area, and others.

Sound legiti-
mate basis

Brownfield regeneration involves a
number of professional fields, and the
extent of its complexity is considera-
bly high. To improve the functions,
effective management and operation of
various competent authorities, it is
required to develop sound laws and
regulations in relevant fields to pro-
mote brownfield regeneration.

Coordination
to land use
plan

Land use plan associates with specific
codes, regulations, use intensity, and
other directions. The optimal use of
land requires prevention of the disor-
der of land development or excessive
land use, and reduction of inconsistent
or incompatible land use.

Environmen-
tal green area
ratio and per

capita area of
open space in
green space

Parks and green space are not only
landscape buffer zones, but also lei-
sure places, which have the effect of
reducing the noise, air pollution and
high temperature effect. Environmen-
tal afforestation is an important ap-
proach to the alteration of urban envi-
ronment and the improvement in the
quality of citizens’ lives.

Increasing the mobility of urban mass
transport  system will accordingly
enhance the utilization rate of the mass
transit system, strengthen the function
of urban transportation and circulation,
reduce pollution to the environment
and waste to energy, and improve the
convenience and safety of transporta-
tion, reaching the goal of sustainable
development.

Assess the percentage of improvement
extent to the status of monitoring
indicators for the brownfield site,
which did not meet the required stand-
ard, such as soil quality, water quality,
air quality and others.

Planning of the disaster prevention
base can reduce the loss of the disas-
ter, precluding the deprivation of citi-
zens’ lives and enhancing the health
and safety mechanism of the city.

Proper planning and design on escape
and evacuation route can, in case of an
occurrence of disaster, enhance the
efficiency of escape, evacuation, and
salvage, and increase the effectiveness
of the rescue, to facilitate the urban
security mechanism.

Resi-

dence

and Life Mobility of

Aspect public
transport
Improvement
extent of
environmen-
tal quality
Disaster
prevention
base and
facility plan-
ning
Escape shel-
ters and evac-
uation routes

aHnec?Ith planning

Safety

Aspect

Green energy
use and reuse
planning

Energy reuse can both reduce the
amount of waste disposal, and promote
the re-use of resources, reflecting the
degree of recognition of the environ-
mental protection and resource use
efficiency in an area.

Waste man-
agement of
industrial
development

The sustainability of brownfield re-
generation requires the mechanism to
properly handle the various wastes.
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C. The Trend of Brownfield Regeneraion in Taiwan

The industry development in Taiwan has once
accomplished great achievements and won international
prestige. During the past 60 years, a great deal of
Taiwanese land has been developed and applied to
industries, and many factories and industrial zones have
been built. In the past, these land applications have been
implemented in the urban fringe and the suburbs, with
less impact on the cities than that in present time.
However, the concerns of brownfield issues have
gradually arised from the economic structure changes, the
urban sprawl, and the raised environmental awareness.
The discussion on Taiwanese brownfield began to emerge
in 2002 and since that year, some scholars have dedicated
themselves to the research on this issue, which, however,
has so far not attracted extensive concerns. In contrast,
various international cases have gained success, a variety
of studies have been undertaken, and numerous beneficial
effects have been witnessed from the governance and
regeneration of brownfields, which is also a major topic
worth being reflected by Taiwan, for the pursuit of
sustainable development. The discussion of Brownfield
regeneration used to focus on the direction of
regeneration and the environmental effect. However,
according to the result of the interview with experts, the
discussions on brownfield regeneration should proceed to
the relevant laws and policies, and plentiful successful
cases and experience of brownfield regeneration that
many countries have accumulated are worthy of our
learning, and related proper and effective regeneration
regulations in conformity with the conditions of Taiwan
would thus be established.

D. The Brownfield Regeneration in the Expansion and
Modification Urban Planning of Changhua City

Expansion and modification of Changhua City Urban
Planning have caused public concern in recent years,
where the FCFC plant project has a substantial impact on
many respects, including location, industry, and
environment. And the transitional development of FCFC
plant is a significantly meaningful benchmark for
brownfield regeneration. According to expert responses
from the interview results, the difference between
proposing the expanded and modified Changhua City
Urban Planning to Construction and Planning Agency
and general urban planning is that this planning is
operated with the concept of eco-city. Through this
project, the long-term matters which has been caused by
FCFC plant to the local region can also be resolved,.
Furthermore, the future development and change of the
plant will directly influence the development of
Changhua City because the factory is located in the center
of renewed old town of that city. Accordingly, FCFC
plant has strived toward the goals of implementing
industrial upgrading and transformation, developing low-
polluting and service-orientated industry, planning and
allocating green open space with adaptation to urban
development, . The study concludes that FCFC plant case
has a significant positive connotation for the development
of the locality, which case still requires gradual
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inspection and discussion to be part of accumulated
experience concerning brownfield regeneration in Taiwan.
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