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Abstract: Green industrial estates are implemented for sustainable development in the industrial
sector. The industrial sector is a large consumer of energy and resources and produces pollutants.
Environmentally friendly development in industrial estates is important in encouraging environmen-
tally friendly production and ecological civilization as a strategic key to economic and social growth.
This is an important basis for assessing the performance of green industrial estates. Research on green
buildings in industrial estates has been conducted widely, including reviewing the performance of
developing green industrial estates and using various methods. This research aims to determine
research methods on the performance of green industrial estates using a literature review in reputable
journals from 2014 to 2023. A mapping diagram was used to classify research types and data sources.
The results showed that many researchers examined the performance of green industrial estates by
reviewing environmental and economic aspects, and few researchers reviewed social aspects. Apart
from these aspects, in reviewing the aspects of the performance of green industrial estate, researchers
used modeling and case studies. The result of this research provides a reference for choosing the
right method for assessing the performance of green industrial estates in future research.

Keywords: green; industrial estate; performance; research method

1. Introduction

Industrial estates are key factors of industrial production, manufacturing, and eco-
nomic activity, areas with significant populations and trade associations. The number of
global industrial estates is between 12,000 and 20,000, increasing construction in developed
and developing countries [1]. One of the reasons for resource depletion and environmental
degradation is that industrial estates are large consumers of energy and resources, and
pollutant producers [2]. Industrial estates play an essential role in facilitating industrial
sustainability and economic development. Green development is a model of economic trans-
formation to improve people’s welfare while preserving the environment and resources.
Various problems associated with many industrial estates can occur, such as resource and
energy consumption challenges and risks of high environmental impact [3]. Greening
in industrial estates is related to Goal 9 of the Sustainable Development Goals (SDGs),
which promotes inclusive and sustainable industrialization and encourages innovation
while tackling climate change [4]. Sustainable development includes targeted infrastructure
development nationally and regionally. This includes spatial planning, competition in
investment incentives, the implementation of new construction projects, encouraging the
regional use of buildings, and improving energy recovery processes [5]. For example,
greening industrial estates in China is a way to explore sustainable development in the
industrial sector. In addition, greening industrial estates creates collaborative and efficiency
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gains to provide a powerful tool for regional economic growth [6]. Energy infrastructure
is shared in industrial estates to have a long service life to protect industrial estates from
greenhouse gas emissions. Green industrialization requires infrastructure that is resilient,
efficient, and sustainable [7].

Promoting green industrial estates is essential to reduce the impacts of policies and
programs in their development. In evaluating the development, the performance of green
development in industrial estates is evaluated. The performance is evaluated by determin-
ing how green industrial estates promote green innovation [8]. Many researchers assessed
the performance of green industrial estates using various methods including surveys and
case studies.

2. Background Knowledge
2.1. Green Industrial Estate

Notions such as green building and sustainable construction have emerged from the
concept of sustainable development. Green buildings are a solution for the requirements of
sustainable development in the construction industry. Characteristics of green buildings
include energy and water efficiency, reduced consumption of natural resources, and im-
proved health and the environment [9]. In sustainable development, the green building
concept is an innovation [10]. Green buildings can be used to reduce the impact of global
climate change in achieving energy efficiency, carbon reduction, and social responsibil-
ity [11]. Green development in the construction industry is closely related to urbanization
and industrialization. Its features are adapted to the region, climate adaptation, build-
ing sustainability, and the surrounding environment. Green buildings are platforms for
development under current resource and environmental constraints [12].

The green industrial zone is related to a shared philosophy of the people about how
to enhance well-being, create employment and decent work opportunities, and maintain
healthier global ecosystems. Green and environmentally friendly buildings slow global
warming by changing the microclimate [13]. The green industrial estate promotes develop-
ment in spatial planning, industrial development, energy utilization, resource utilization,
infrastructure, ecological environment, operations, and management [6]. Industrial estates
have played a key role in facilitating industrial sustainability and economic development
in recent years. Green development in industrial estates is an important starting point
in promoting green production and ecological civilization and a key strategic shaper for
economic and social growth [3]. Industrial estates continue to grow rapidly being equipped
with shared infrastructure with a long service life and limited greenhouse gas emissions.
Greening industrialization requires efficient, tough, and sustainable infrastructure [7]. Local
communities need to reduce waste and pollution, increase resource efficiency, and strive
for sustainable development to increase economic benefits and the environmental quality
of environmentally friendly industrial estates [14].

2.2. Performance of Green Industrial Estate

Several criteria are used in assessing the success and effectiveness of green industrial
estates [6]. Green development efficiency is a criterion used to evaluate green development
performance in industrial estates. When the environmental impact of a product from an
industrial estate reduces, its economic value is increased. This shows how green efficiency
is realized. Apart from factors that reduce environmental impacts and increase economic
value, social impacts are difficult to measure though those are related to the performance
of green development in industrial estates [15]. In evaluating the performance of green
development in industrial estates, various points of view such as social justice, economic
development, environmental risks, and resource efficiency are needed [16]. In Ref. [16],
green industrial estates were evaluated from three perspectives: gross domestic product
(GDP), environmental pollution, and resource consumption. Figure 1 shows the three
aspects that represent the performance of industrial estates. It is important to evaluate
the use of resources and environmental pressures from eco-industrial development in
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industrial estates. However, the complexity and difficulty of measuring resource flows
make the evaluation difficult because environmentally friendly industrial estates change
the resource flow [2].
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2.2.1. Environment

Environmental pressure and increasing carbon emissions are challenges in an indus-
trial estate. Reducing the resulting environmental impact can increase costs and encourage
green efficiency. To achieve the goal of a green industrial estate preserving the environment,
the following factors are used in the evaluation of the green industrial estate: economic
growth, environmental preservation, climate change, and green development [6]. In
worsening global environmental problems, green innovation helps reduce environmental
pollution. Environmentally friendly industrial estates increase the economic benefits of a
company while minimizing the environmental impact it produces [8].

2.2.2. Economy

In assessing the sustainability of the development of green industrial estates, vari-
ous indicators are used. The application of industrial symbiosis is linked to economic
aspects [15]. The benefits of green industrial estates include reduced waste disposal costs
and reduced purchases of raw materials. The economic benefits are easy to measure [16].
Green industrial estates promote economic development [17]. The economic performance
of an industrial estate is affected by economic fluctuation. Investments in research and
continuous development in industrial estates increase economic resilience.

2.2.3. Society

In assessing sustainability, social aspects have been little discussed. An environmen-
tally friendly industrial estate improves environmental, economic, and social performance
in managing environmental and resource problems collaboratively. Social impacts from the
development of green industrial estates are related to lifestyle and health in the vicinity of
green industrial estates. However, assessing the performance of this social aspect requires
appropriate evaluation because it is difficult to measure and assess its application [15].

3. Methodology
Previous Data

We reviewed the methods of previous research in analyzing green buildings in indus-
trial estates. We analyzed articles from various quality journals on the performance of green
in industrial estates. Related articles published from 2014 to 2023 were collected. Table 1
shows the list of journals and the SCImago Journal Rank (SJR) of articles from each journal.
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Table 1. Selected journals in this study.

Journal Publications SJR Quartiles Category

Structural Change and
Economic Dynamics 1.32 Q1 in Economics and Econometrics

Energy Strategy Reviews 2.06 Q1 in Energy

Nature Communications 5.11 Q1 in Biochemistry, Genetics, and
Molecular Biology

Journal of Cleaner Production 1.98 Q1 in Renewable Energy, Sustainability,
and the Environment

Journal of Environmental Management 1.67 Q1 in Environmental Engineering
Waste Management 1.74 Q1 in Waste Management and Disposal

Environmental Science and
Pollution Research 0.94 Q1 in Environmental Chemistry

City and Environment Interactions 0.80 Q1 in Environmental Science

Sustainability 0.66 Q1 in Renewable Energy, Sustainability,
and the Environment

Cleaner Engineering and Technology 0.77 Q1 in Environmental Engineering
Heliyon 0.60 Q1 in Multidisciplinary

Technological Forecasting and
Social Change 2.64 Q1 in Management of Technology and

Innovation
World Development 2.50 Q1 in Economics and Econometrics

4. Results and Discussion

The selected articles were used for performance analysis in green industrial estates.
Table 2 shows the environmental factors of performance in the green industrial estate.
Table 3 presents the economic factors, while Table 4 shows the social factors of the perfor-
mance of green industrial estates in previous research.

Table 2. Environmental factors of performance.

No Factors Source

1 Investment in clean production [2,6,14,16,18]
2 Developing the use of environmentally friendly energy [2,3,6]
3 Reducing the rate of untreated industrial solid waste [2,6,18,19]
4 Reducing carbon emissions [1,6,7,15,20,21]
5 Increasing the exchange of products or materials [2,22–24]
6 Comprehensive resource energy utilization [2,3,20,21,24–28]
7 Technological innovation [8,20,21]

Table 3. Economic factors of performance.

No Factors Source

1 Optimization of material and energy utilization at
the lowest cost [2,6]

2 Optimizing the use of public facilities [2]
3 Value added per capita [6,15,18]
4 Investment [15]
5 Economic growth [6,18]
6 Clean production audit [2]
7 Utilization of waste resources [1,2,19]
8 Comprehensive resource and energy utilization [25]
9 Determining strategic locations to unite industry [26]
10 Optimizing the flow of materials and waste [22,24]
11 Industrial structure [8,14,17]
12 Technological innovation [17]
13 Planning and governance [17]
14 Reducing the rate of untreated industrial solid waste [19]
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Table 4. Social factors of performance.

No Factors Source

1 Optimization of material and energy utilization at
the lowest cost [2,6]

2 Optimizing the use of public facilities [2]
3 Satisfaction of residents [15]
4 Contribution of the company’s workforce [15]
5 Environmental reporting [15]

The factors related to the performance of green industrial estates were connected to
the research methods. The type of research was divided into qualitative and quantitative
and mixed quantitative–qualitative research. The quantitative method included modeling,
surveys, questionnaires, interviews, and descriptive statistics. In contrast, the qualitative
method included case studies and literature reviews.

To measure the performance of green industrial estates from the environmental aspect,
modeling and case studies were used. Literature reviews, questionnaires, descriptive
statistics, interviews, and surveys were also used. From the economic aspect, modeling
and case study methods were widely used with literature reviews and descriptive statistics.
From the social aspects, modeling, case studies, and literature reviews were employed
(Figure 2).
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