
Eco. Env. & Cons. 26 (2) : 2020; pp. (573-582)
Copyright@ EM International
ISSN 0971–765X

Introduction

The Ministry of Industry seeks to encourage the
development of industrial estates in Indonesia to
support green economy programs while contribut-
ing to the adoption of sustainable production and
consumption patterns which are the 12th goal of
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ABSTRACT

The development of industrial estates in Indonesia for the past 20 years has become a strategic sector to
support national economic growth. However, conventional industrial management has a significant impact
on changes in productive land use and environmental quality degradation. This study aims to analyze the
development of industrial estates in the Gresik region with a dynamic system, compile a dynamic model of
the development of sustainable industrial estates, and analyze the sustainability parameters of environmental,
economic and social aspects based on the scenario of industrial estate development in the Gresik urban
area. Dynamic system analysis of sustainable industrial estate development is carried out with 7 stages
using Powersim and Vensim software with a diagrammatic output model in the form of a main causal loop
system, land use submodel, environmental submodel, economic submodel and social submodel. The results
of the projected implementation of the dynamic model with 3 scenarios of industrial land development for
each submodel parameter at a time of 20 years (2037) namely; (1) Industrial land use always increases every
year until it is projected to reach an area of 4,000-5,000 ha or an additional 45% -60% of the existing area; (2)
Production of liquid and solid wastes has increased in volume to 5,500 - 6,100 tons / day so that it has the
potential to become a pollutant for the environment and can reduce the status of ecological sustainability;
(3) The increase in land and the number of industries encourages an increase in Regional Original Revenue
and the Regional Budget and Gresik Regency, and simultaneously increasing investment can contribute to
an increase in per capita income which is projected to reach 280 million / year (20,000 USD) to support
sustainability economy; (4) An increase in the population runs linearly with an increase in the labor force
that requires employment opportunities, however, the growth of labor absorption due to the development
of the number of industries is greater so that it can be socially sustainable because it is projected to reduce
the unemployment rate to 0%.
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Sustainable Development Goals (SDGs). Until 2018,
there are 87 industrial estates that have been opera-
tional with an area of 86.8 thousand hectares with a
total of 9,000 manufacturing companies in 18 Prov-
inces (Ministry of Industry, 2018).

The industrialization process that has been man-
aged conventionally by relying on the exploitation
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of natural resources has become a global phenom-
enon as one of the potential causes of various eco-
logical environmental problems (Sujiman, 2016).
Therefore, the Government of Indonesia encourages
the development of environmentally friendly indus-
trial estates through a green industry program
marked by Indonesia’s participation in the Manila
Declaration and Law Number 3 of 2014 concerning
Industry and Technical Guidelines for Management
of Industrial Estates Number 40 of 2016, so that it is
expected to creating a fourth generation industrial
estate that accommodates sustainability standards.
 The sustainability concept and criteria for environ-
mentally industrial estates continues to develop glo-
bally. The development of the concept of Fleigh
(2000) and Lowe (2001), which provides a descrip-
tion of green industrial park, a collection of indus-
tries that apply clean production technology, con-
ducts processing of industrial waste, reduces green-
house gas emissions in the area where the industry
operates. Furthermore, up to the present industrial
era 4.0, efforts have been made to develop sustain-
able industrial estates (eco-industrial parks / EIP),
namely the concept of industrial estates based on
the implementation of the principles of resource and
energy efficiency, ecological environmental man-
agement, social responsibility and community eco-
nomic empowerment supported by environmen-
tally friendly service management and infrastruc-
ture technology facilities (Djajadiningrat et al., 2014).

As a system, the implementation of industrial de-
velopment in the form of integrated areas with sus-
tainable urban areas as the basic theory of industrial
ecology (Frosch and Gallopoulus, 1989) and the pro-
visions of government regulations in general still
face many obstacles and show low value on several
dimensions of sustainability as shown some studies
include; Nature (2011) in Medan Industrial Estate;
Sudanti (2013) in the Semarang Industrial Estate;
Budiyanto (2015) in the East Pulogadung Jakarta
Industrial Estate and Cahyanto (2016) in the
Jababeka Industrial Estate Cikarang.

These conditions indicate that the system of de-
veloping sustainable industrial estates is deter-
mined by many complex, interrelated and interplay-
ing factors, namely the ecological, economic, socio-
cultural, institutional and technological environ-
ment dimensions. In addition, in its operations also
requires a comprehensive approach that involves
many aspects and related stakeholders. Therefore a
dynamic system analysis is needed to take into ac-

count current factual conditions, the empirical needs
of the stakeholders as a basis for making models
and scenarios for the development of integrated and
environmentally friendly industrial estates in the
future.

The objectives of this study are: (1) analyzing the
development of industrial estates in the Gresik re-
gion with a dynamic system; (2) developing a dy-
namic model of developing sustainable industrial
estates; and (3) analyzing the sustainability param-
eters of environmental, economic and social aspects
based on the scenario of the development of indus-
trial estates in the Gresik urban area.

Methodology

The study was conducted in the urban area of
Gresik consisting of 3 districts (Gresik, Kebomas,
and Manyar) with an area of 13.102 Ha. While the
object of research is the development of industries in
the form of industrial estates and non-industrial es-
tates. The system approach method in principle cov-
ers two things namely; (1) compiling important fac-
tors of the research variables as material for formu-
lating interrelated systems, and (2) Creating quanti-
tative models to help develop rational scenarios and
policies.

Industrial development is a complex, multidi-
mensional and dynamic phenomenon. So that the
analysis of the system is carried out through several
stages as outlined in Figure 1 including: (1) factor
analysis; (2); system formulation and identification;
(3) conceptual model; (4) formulation and simula-
tion models; (5) verification and validation model;
(6) implementation and model scenarios; (7) recom-
mendations and or policies (Eriyatno, 1999;
Sterman, 2004; Soemarno, 2011; Suryani, Erma,
2017).

Factor analysis

The list of stakeholder is conducted basis form of
conducting a dynamic system analysis results from
a prospective analysis process that formulates influ-
ential factors in the development of sustainable in-
dustrial estates. The data needs are obtained by
questionnaire techniques and in-depth interviews
(in-depth interviews) of the stakeholders involved
in industrial development in Gresik include: gov-
ernment officials, entrepreneurs (area and tenant
managers), community leaders and experts.
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Formulation and identification of the system

At the stage of problem formulation a variable for-
mulation will be carried out until a core problem is
obtained which will become a reference when test-
ing the policy in response to the research objectives.
System identification stage is the process of invento-
rying the whole system to be modeled. This stage
begins with the identification of variables that affect
the system of developing industrial estates that are
sustainable described in the input-output diagram
which includes controlled and uncontrolled inputs
as well as desired and undesired outputs.

Conceptual Model

The conceptualization stage of the system is carried
out by creating a conceptual model in the form of

causal loop diagrams (CLD) and stock flow dia-
grams (SFD) which show the causal relationships
and interdependencies between variables. The
model is designed based on real conditions so that it
represents an empirical condition of the develop-
ment of industrial estates. The result of this stage is
the formulation of the main dynamic system that
can be translated into land use submodel, environ-
mental submodel, economic submodel and social
submodel. In addition, the results of the model also
show the linkage of land use submodels.

Model Formulation and Simulation

Model formulation is a process to change the system
concept or structure of a model that has been com-
piled into mathematical equations or computer pro-
gram language. Model formulation is a transforma-
tion from an informal conceptual view to a formal
conceptual view, or a quantitative representation of
the model. The goal of the model formulation is that
the model can be simulated to determine dynamic
behavior based on the assumptions of the model
(Eriyatno, 1999).

Model Verification and Validation

Model validation is done by dimensional verifica-
tion (unit of measure) of model variables including
levels (stock), rates and constants of actual data.
Model validation is carried out in accordance with
the purpose of modeling, i.e. comparing the dy-
namic behavior of the model with real system con-
ditions. The validity of the model’s performance is
done by testing using AME (absolute mean error)
and AVE (absolute variation error) statistical calcu-
lations. The acceptable deviation limit value is 5-
10% (Muhammadi et al., 2001; Sterman, 2004).

Model Scenario Implementation

Implementation is the stage to operationalize the
system with a model that has been prepared from 3
predetermined scenarios, namely; (1) conservative
scenario in accordance with the development trend
of existing industrial land; (2) progressive scenarios
with reference to targets or master plans for the de-
velopment of industrial estates; and (3) moderate
scenarios using the spatial plan conformity instru-
ment.

Recommendations

Based on the results of the scenario model, the be-

Fig. 1. Flow Analysis of Research
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havior of each scenario model can be interpreted,
then appropriate policies and recommendations can
be formulated to realize sustainable industrial estate
development.

Results and Discussion

Based on the results of factor analysis and system
identification through a questionnaire to 9 main
stakeholders who are competent in the develop-
ment of industrial estates, an input output diagram
or salt black box can be prepared (Figure 2). One
important part of this black box diagram is the pro-
cess of conditions that originate from the input into
the desired output which includes; (1) harmoniza-
tion of industrial area and spatial land use planning;
(2) increase in income and welfare; (3) labor absorp-
tion while decreasing the unemployment rate; and
(4) improvement of environmental quality and pro-
vision of infrastructure for adequate waste reduc-
tion.

Main System

Dynamic system modeling that is built takes into
consideration the dimensions and factors of the
sustainability of the industrial estate in a single unit,
so that there is a link between one dimension and
another. In addition to considering the environmen-
tal, economic and social dimensions in the prepara-
tion of dynamic models, it also considers aspects of
the influence of technology and management of an
industrial estate. Meanwhile, as the main driving
factor in developing the model. The development of
the industrial area in the Gresik urban area is the
dynamics of land use change over the past 20 years.
Therefore, the model formulated is not a static
model but a dynamic system model that can be used
for projection of parameter changes in the future.

The preparation of the main system in develop-
ing sustainable industrial estates based on a mini-
mum of three main dimensions namely; the eco-
nomic dimension is related to the increase in per
capita income and linear regional income with ef-

Fig. 2. Output Diagram of Industrial Area Development Model Output
Source: Analysis Results, 2018
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forts to reduce poverty. The social dimension is re-
lated to efforts to solve population problems (em-
ployment) through decreasing unemployment and
increasing the human development index. Whereas
the environmental dimension is related to the mini-
mization of waste to create environmental quality
and aspects of harmonization of land use. System
linkage diagram showing the relationship between
subsystems of the entire system of development of
sustainable industrial estates can be seen in the
causal loop diagram.

Land Use Submodel

The components of the land use subsystem can be
grouped into 2 categories, namely built up land (in-
dustrial, residential and supporting facilities) and
non-built land which includes; rice fields, ponds,
bodies of water, and other open land.

Furthermore, based on the subsystem can be
used to determine changes in land use quantita-
tively (increase or decrease) of each type of land use.
Measurement of change depends on the level of ex-
isting space to the total land and the rate of change.
The main focus of the use of the land use change
model includes: (1) determining the area of land
developed and the magnitude of influence on the
breadth of other sectors; (2) measuring the impact
and influence of changes in land use of the indus-
trial sector on the conditions of economic and social
environmental parameters.

Environmental (Waste) Submodel

Waste component interacts with the environment in
the development of this submodel consists of two
types namely; liquid waste and solid waste (rub-
bish) sourced from industrial and domestic waste.
The rate of accumulation of industrial waste is de-
termined by the rate of increase and actual produc-
tion of waste associated with the number of indus-
tries and the size of the industrial area. Whereas the
rate of waste reduction is determined by the level of
waste reduction through technology and its man-
agement capacity. Implementation of management
policies at the source of waste plays a role in hold-
ing back the rate of accumulation of waste so that
the total waste that has the potential to become pol-
lutants can be reduced.

The development of this environmental
submodel is focused on projecting the accumulation
of waste loads from the industrial sector and the
composition of industrial wastes that have the po-

tential to become pollutants for the environment.
For the operationalization, the estimated average
production of waste is explained in the technical
standard for the development of industrial estates
from the Ministry of Industry No. 40 of 2016 on the
scale of the area used for industrial activities. Mean-
while, to be able to determine the amount of waste
that has the potential to become pollutants for the
environment will take into account the level of
waste minimization starting from the aspect of pro-
duction technology (clean production) and recy-
cling activities (reduce, reuse and recyle) which si-
multaneously show the waste management capacity
of the industrial sector.

Economy Submodel (Revenue)

In the economic submodel illustrates one indicator
of sustainability in the economic dimension, namely
per capita income which is the resultant of invest-
ment activities and the contribution of government
budget allocations. Calculation of the value of in-
vestment in a certain period is influenced by the rate
of investment from the accumulation of domestic
investment and foreign investment.

Social Submodel (Unemployment)

The development of social submodels illustrates the
interaction between components of the population
and employment. Social subsystem diagram with
indicators of unemployment rate can be determined
through the development of the population affected
by growth and reduction in population. While the
unemployment rate is influenced by the factor of the
level of unemployment reduction that is how much
the absorption of the average workforce each year
can be created from the development of industrial
estates and the number of industries.

Model Testing

Model testing aims to verify the behavioral output of
the model by comparing the average yield data and
the variance of the model analysis with the existing
conditions with the behavior pattern test method.
The results of the model validation for each dimen-
sion and parameter indicate a number of less than
10% which means that the model is valid and can be
used for simulations and projections (Table 1).

Simulation and Projection Scenario Models

Based on the level of validity of the simulation re-
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sults in each submodel, it can be continued with the
scenario analysis stage to make a projection of the
parameters of the sustainability of the industrial es-
tate development in the next 20 years (1997 - 2037)
with reference to 3 scenarios of industrial land de-
velopment namely; Scenario 1 (conservative) is
based on development trends which are influenced
by location excellence such as accessibility factors,
availability of utility infrastructure, growth of exist-
ing industries, physiography and hydrology. In Sce-
nario 2 (progressive) takes into account the target
data for licensing and the master plan for industrial
estate development. While scenario 3 (moderate) is
to consider aspects of spatial planning (regulation)
and spatial.

Simulation of Industrial Land Development

The results of the projected development of indus-
trial land by using a land use submodel show that
within a period of 20 years (up to 2037), there will
be a fairly large increase in industrial land, namely
in scenario 1 of 42.89% (1,331.32 ha), in scenario 2 of
64 , 80% (2,011.27 ha) and 44.34% (1,376.09 ha) in
scenario 3. In general, the growth graph tendency of
the three scenarios shows a similar trend, but based
on the number of industries, the increase in scenario
2 shows the highest value, while scenarios 1 and 3
produce almost the same value (Figure 3).

Furthermore, the simulation results of the devel-
opment of industrial land are used as data for the
projected environmental parameters (waste),
economy (income per capita) and Social (Unem-
ployment).

Projection of Environmental Development (waste)

The implementation of environmental submodel
simulation (waste load) for the next 20 years shows
the increase in the burden of waste from the indus-
trial sector originating from liquid waste and solid
waste (garbage). The calculation of the waste load
model uses the average assumption according to the
Technical Standards of Industrial Estates
(Permenperind, 2016), namely the amount of solid
waste 4 m3/ha/day and liquid waste 0.2 - 0.5 lt/
sec/ha in subsequent industrial estates reduced by
the estimated management capacity for solid waste
minimization of around 70% and liquid waste ca-
pacity/minimization by 50%. The results of envi-
ronmental submodel projections show an increase
in the amount of industrial waste load in scenario 1
in 2017 by 36,631 tons/day to 54,546 tons/day
(48.9%), in scenario 2 to 61,809 tons / day (68.7%)
and become 55,025 tons/day (50.2%) in scenario 3
(Figure 4).

Table 1. The Results of Validation Model Test

Parameter AME AVE

Land Use 1.41% 4.01%
Environment (Waste) 3.99% 3.84%
Economic (Revenue) 1.71% 2.82%
Social (Population) 1.79% 2.95%

Source: Analysis Results, 2018

Fig. 3. Projection of Industrial Land Development Year
2007 - 2037

Fig. 4. Projection of industrial waste development Year
2007 - 2037

In general, the trend of development graph (Fig-
ure 5) of the three scenarios shows the same and lin-
ear growth trend of waste with the development of
industrial land, but quantitatively compared to the
average growth of industrial land, the growth of
waste load is around 5%.

Projected Economic Development (Revenue)

The results of economic submodel projections for
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the next 20 years show that the three scenarios pro-
vide an increase in per capita income from 70.71
million / year 2017 to 270-280 million / year in 2037
or an increase of + 400% (Figure 6). The increase in
the value of income per capita is equivalent to
20,000 USD (exchange rate of 14,000) which means
that if the projection can be achieved it will contrib-
ute to reducing poverty / increasing welfare in the

study area which is commensurate with the
achievements of other developed countries in Asia
when the level of inequality (gini ratio) can be mini-
mized.

The economic submodel simulation is based on
the linkage of the development of the industrial sec-
tor to the per capita GRDP supported by the devel-
opment of regional own-source revenue (PAD) and
the Regional Budget (APBD). The basic data as-
sumption used is the contribution of the industrial
sector in Gresik Regency’s GRDP each year reach-
ing around 50%, the composition of the PAD to the
average annual APBD is around 30% (BPS, 2018).
Whereas the ratio of investment contribution and
APBD simultaneously to PDRB is 70-75%.

Figure 7 shows that the development of indus-
trial land area and the number of industries shows
a trend of linear development with per capita in-
come, this means that the development of the indus-
trial sector is a government strategy to improve the
welfare of the community with the prerequisite that
any industrial activity can directly increase the in-
come of workers and grow the multiplier effect with
the increase in small and medium businesses
around the industrial area.

Projected Social Development (Unemployment)

The results of social submodel projections show a
decrease in unemployment in all scenarios, namely

Fig. 5. Graphic development of industrial land and waste
load for projected economic development

Fig. 6. Projection of income development per capita 2007
- 2037

Fig. 7. Chart of industrial land development with income
per capita
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in scenario 1 of 2017 amounting to 7,071 people to
746 people in 2037, in scenario 3 to 460 people,
while in scenario 2 unemployment rates can be
negative (-3,583 people) as shown in Figure 8. The
projection in scenario 2 illustrates that the amount
of labor absorption is more than the need for em-
ployment, this can occur because the projected in-
crease in the area of industrial land in scenario 2 is
higher at around 500 ha than scenario 1 and sce-
nario 3, so under conditions It is possible that the
workforce needs can be met from other regions out-
side the study area.

The implementation of social submodel simula-
tions projects a relationship between the population,
land development/number of industries and the
level of labor absorption which can be a determin-
ing factor for the number of unemployed. The as-
sumption used is the percentage of population
growth which is in the working age category reach-
ing 70%, while the workforce needs of each industry
with an average area of 12 ha can accommodate 90-
110 new workers are constantly applied. Based on
the trend graph in Figure 9, that the growth of in-
dustrial land, develops linearly with the needs of
employment and employment rates that tend to in-
crease and inversely proportional to the develop-
ment of the unemployment rate which tends to de-
crease.

General Discussion and Recommendations

Based on the results of dynamic system simulations

of all submodels showing interrelationships as evi-
denced by changes in a parameter can affect the
value of other parameters. Changes in land use that
are fast enough in the research area for the develop-
ment of industrial estates supported by accessibility
factors, the operation of existing industrial estates
and other location advantages are the leveraging
factors for the conversion of ponds, paddy fields
and open areas. The results of the projected dy-
namic model in 2037 of the built land is estimated to
be more than 50% consisting of 30% -35% of indus-
trial buildings with supporting facilities and 15-20%
of residential buildings with supporting facilities.
These conditions will have implications for the re-
duction of ponds and paddy fields so that anticipa-
tory ecological, social and economic impacts must
be anticipated.

The development of industrial land is inversely
proportional to the development of environmental
quality because the level of accumulation of liquid
and solid waste loads tends to increase with increas-
ing land area and the number of industries. Al-
though the contribution of industrial waste ranges
from 25-30% of the total potential pollutants wasted
into the environment, the results of the projected
condition of the waste will have a negative impact
on the sustainability status of the region if there is
no optimization of reduction or waste management
because the type of industrial waste tends to contain
hazardous chemicals.

Fig. 8. Projections of unemployment development year
2007 – 2037

Fig. 9. Graph of industrial development with unemploy-
ment
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Implications of land growth and the number of
industries moving linearly with the increase in per
capita income figures with a projected growth of
100% every 5 years. This condition can also be
traced from the composition of Gresik’s GRDP
which is dominated by around 50% of the industrial
sector. The same pattern also applies to the compo-
nent of Local Own Revenue (PAD) from the indus-
trial sector which is greater than other sectors. How-
ever, the high income per year can be a parameter of
factual community welfare in the study area on an
ongoing basis if the level of the gap (gini ratio) can
be controlled.

Population development and unemployment
rates also show a positive relationship with land de-
velopment and the number of industries (sustain-
able status). This condition can be achieved if a
growing industry is a type of manufacturing indus-
try that still requires an average workforce of 80-100
people per 1 hectare of industry area prioritized by
the working age population in the study area, then
the projected 2037 unemployment rate will be re-
duced to 0 % even minus the value which means the
industrial development requires a supply of labor
from outside the area. However, the reduction in
the unemployment rate in Gresik region which is
still higher than the average of the East Java prov-
ince cannot be achieved if there is an assumption
that labor needs are dominated from outside the
region and few local workers are able to meet the
qualifications of the industrial sector.

Conclusion

Dynamic system modeling of the development of
sustainable industrial estates in the urban area of
Gresik is represented through a causal loop diagram
of the main system and 4 intermodels that are inter-
related and have been validated based on the results
of the stock flow diagram namely; (1) submodel of
land use to project the extent of industrial land de-
velopment; (2) environmental submodels for the
projected production of waste loads; (3) economic
submodel for the projected development of per
capita income; and (4) social submodel for the pro-
jected trend of population growth and unemploy-
ment.

The performance simulation submodel of land
use results in an increase of built land (industrial
land and settlements) an average of 2% -3% per
year, so that within the next 20 years the composi-

tion of built land reaches more than 50% of the re-
search area which in parallel reduces non-land
woke up like ponds, rice fields and other open ar-
eas. Whereas the performance of environmental
submodel simulation results in an average of 5%
growth load of waste exceeding the growth of in-
dustrial land, thereby potentially reducing environ-
mental quality and affecting the sustainability sta-
tus of industrial estates.

Economic submodel simulation performance il-
lustrates the role of land expansion and the number
of industries that can drive an increase in PAD,
APBD and simultaneous investment development
can increase GRDP and income per capita to reach
400% (+ 280 million/year) in 2037. For social
submodels project population growth and Employ-
ment needs are juxtaposed with an increase in the
ability to absorb labor due to industrial develop-
ment, so that the unemployment rate can be re-
duced to the lowest level (0%). Based on this param-
eter, the development of industrial land can encour-
age economic and social sustainability. Implementa-
tion of the model compiled in this study uses as-
sumptions and data in the study area so that when
applied to other regions, it is necessary to adjust the
assumptions and relevant data to get more accurate
projection results.
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