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Industrial zones are considered one of the most important sectors of economic development in any country. All 
countries seek to develop these zones and transform them into the fourth and fifth industrial revolution zones. 
This paper relies on an extrapolation approach and comparative analysis of the industrial and economic zones that 
include the currently enforced policies dealing with these zones all over the world. Accordingly, this study consists 
of three main stages. The first stage concerns reviewing the concepts and definitions of industrial and economic 
zones, defining policies for dealing with them, and then concluding the bases and criteria of those policies. The 
second stage focuses on defining the criteria of the fourth industrial revolution industrial zones, then determin-
ing the criteria for differentiating between the current economic zones according to their suitability to absorb the 
fourth-generation industries, and finally determining the criteria for the localization of these industries spatially, 
relying on Fuzzy GIS methods to identify the best sites for localizing high-quality industries. The third stage is about 
conducting a field application to the Suez Canal area in Egypt to determine the best high-tech industrial site within 
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the selected area in Egypt. The site identified as the most suitable for the settlement of high-tech industries 
is the area located in the northwest and southeast of the special economic zone (SEZ), northwest of the Suez 
Canal, with an area of 22 km², a weight of 0.357724, and a score of 20.

Keywords: economic zone policies, eco-industrial park (EIP), Fuzzy GIS methods, and the Suez Canal.

Introduction
With the advancement of science and technology, as 
well as economic integration and market standards, 
competition has grown, and economic zones have 
recently received great attention. Certainly, economic 
zones play a crucial role in economic development; as 
they have been effective in attracting industrial capac-
ity and foreign direct investment (FDI) worldwide. The 
current economic zone seeks to diversify and expand 
its export base, create new job opportunities, and at-
tract international industries and investments (Gray, 
1994; Brown, 2006).

Economic zones are defined according to the Unified 
Building Law of Egypt, 2008, as “the specified areas of 
land which are located inside or outside the boundary 
of the governorates, with the coordinates of their out-
er boundary shown on cadastral maps, and are allo-
cated to industrial projects and associated services by 
the provisions of laws and decisions regulating indus-
try and investment within the scope of the strategic 
scheme.” 

The definition of economic zones varies globally; the 
United Nations Industrial Development Organization 
defined an economic zone as an export processing 
zone (EPZ) which is “a relatively small, geographically 
separated area within a country, the purpose of which 
is to attract export-oriented industries, by offering 
them especially favorable investment and trade con-
ditions as compared with the remainder of the host 
country. In particular, the EPZs provide for the impor-
tation of goods to be used in the production of exports 
on a bonded duty-free basis” (UNIDO, 1980).

The high-tech industrial development zone (IDZ) is a 
crucial step in enhancing the innovation capacity of 
economic zones and providing a boost for new eco-
nomic development (Li and Wang, 2019). In China, the 
high-tech industry witnessed an annual increase of 
only 23.15% of the total yearly output during the past 
ten years, and the fixed-assets growth was 18.19%. As 

a result, high-tech industry has had a tremendous im-
pact on China’s economic development (Ding, 2019). 
Varied IDZ high-tech regions have different growth 
strategies and different criteria as a result of the eco-
nomic variances between various Chinese regions. 
The growth of China’s high-tech industry has been 
hampered by this imbalanced development (Lin et al., 
2020). Regarding Latin America and the Caribbean, 
the quantity of high-tech industrial goods produced 
in many of these nations may present a chance for 
the sector to grow, whether in terms of the number 
of high-tech industries or the quality of the industries 
used in the industrial area (United Nations, 2020).

The United Nations Conference on Trade and Devel-
opment defined EPZs as “industrial estates that form 
enclaves within a national customs territory and are 
usually situated near an international port and/or 
airport. The entire production of such zones is nor-
mally exported. Imports of raw materials, interme-
diate products, equipment, and machinery required 
for export products are not subject to customs duty” 
(UNCTAD, 1985).

According to the International Labor Organization’s 
International Labor Office, the United Nations Center 
for Transnational Corporations, and the United Na-
tions Country Team, an EPZ was defined “as a delin-
eated industrial estate which constitutes a free trade 
enclave in the customs and trade regime of a country, 
and where foreign manufacturing firms producing 
mainly for export benefit from a certain number of fis-
cal and financial incentives” (ILO, UNCTC, UNCT, 1988). 
World Export Processing Zones Association defined 
the EPZs as “all government authorized areas such 
as free ports, free trade zones, customs-free zones, 
industrial free zones or foreign trade or any other type 
of zones, as the Council may from time to time de-
cide to include other zones” (WEPZA, 1985). The World 
Bank defined an EPZ as “an industrial estate, usually 
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a fenced-in area of 10 to 300 hectares that special-
izes in manufacturing for export. It offers firms free 
trade conditions and a liberal regulatory environment” 
(World Bank, 1992).

The EPZ aims to accelerate economic development by 
developing and diversifying industries, employment, 
production, and export. The success or failure of any 
economic/industrial zone depends on policy, devel-
opment, incentive system, location, and manage-
ment. Therefore, distinctive development policies and 
incentives must be put in place to create a competitive 
advantage (International Development Ireland, 2020).  

Economic zones are usually established to achieve 
one of the following objectives:

 _ create a business-friendly regulatory and commer-
cial climate; 

 _ promote regional development; 

 _ attract investors to establish businesses in the zones. 

Job opportunities are created and developed to at-
tract FDI; because the zone targets specific sectors, it 
means that the zone can operate under rules that are 
different from those governing the rest of the country. 
Usually, the “success” of a particular area depends to 
a large extent on whether it meets the goals set when 
it was created (generally for a 10- to 15-year period) 
(Janjua et al., 2017).

A wide range of development policies for industri-
al zones evolves and changes, influenced by global 
events such as the 4IR; e.g., SEZs, free zones, free-
trade zones, foreign-trade zones, industrial develop-
ment zones, industrial zones, industrial parks, tourist 
zones, eco-industrial parks, green industrial parks, 
low-carbon zones, and green economic zones, etc. 
(Ambroziak, 2016; Ziedina and Pelse, 2017).

The world has witnessed three industrial revolutions, 
and we are currently experiencing the fourth and fifth 
revolutions, with the results to be seen in the future. 

The first was in the 18th century and was marked by 
the invention of steam engines. The second coincid-
ed with the expansion of the use of electricity and 
the principle of division of labor established by the 
founder of economics, “Adam Smith”; such a principle 
paved the way for mass production. The third arose 
in the middle of the last century and was character-
ized by the development of the concept of informa-
tion technology and the emergence of the computer 
(Schwab, 2017). The concept of the 4IR describes a 
set of technological changes in manufacturing and in-
dustry and defines policy priorities: to maintain global 
competitiveness. Many writers see this transforma-
tion as a revolution against the old industry systems 
(Fassio and Nathan, 2020). 

Many changes have occurred in industrial develop-
ment as a result of the industrial revolution, leading 
to higher living standards in most countries in Eu-
rope, the Americas, and East Asia. The development 
is depicted in the diagram as shown in Fig. 1 (ERIA 
Study, 2016), where development policies only started 
to appear clearly in the Korean national development 
agenda in the late 1980s. As a result of this, the Kore-
an economy has developed at an average rate of 8%, 
and industrial zones with advanced industrial tech-
nologies have been established to encourage indus-
try and growth, attract international investment, and 
boost exports (Kwang, 2011).

There are currently 2301 regions in 119 developing 
and immigrant countries, with China accounting for 
roughly 19% of all regions. China’s transition to a 
market economy will be aided by these SEZs. At the 
same time, out of 135 countries/regions in the world, 
there are around 3500 regions that contribute to gen-
erating 68 million new job opportunities, and direct 
trade brought more than $500 billion to the economy 
(Wang, 2013).

The shifting of industrial policies in China during the 
last five decades has demonstrated the significance 

Fig. 1. Historical development of industrial zones (Source: according to Kwang Sik Kim, 2011)



Environmental Research, Engineering and Management 2022/78/4100

of China’s New Industrial Policy exercise for emerg-
ing countries (Jigang, 2020). From the regime tran-
sition period (1978–1991) to the initial establishment 
of the market economy system (1992–2001), then to 
the period when from China’s accession to the World 
Trade Organization (2001–2012), to the Eighteenth 
National Congress of the Communist Party of China 
(2012–2019).

In Vietnam, strategies are being investigated for im-
proving industrial policy through the dynamic gains 
of FDI and international financial markets, as well as 
making rewards for foreign enterprises conditional on 
their performance, boosting organic integration be-
tween FDI and domestic sectors (Tri and Anh, 2020).

As a result, the United Nations, the Organization for 
Economic Cooperation and Development, and many 
other international organizations have issued many 
recommendations relating to new and existing in-
dustrial parks in various international contexts, with 
a particular focus on developing and transitioning 
economies. Such recommendations can be applied to 
many types of industrial parks, at various phases of 
development (2019, UNDO).

Research Aim
The research aims to identify the appropriate site 
mechanisms for the settlement of fourth-generation 
industries and to assist managers in making the best 
decisions through pre-prepared “sub-goals”, using 
Fuzzy GIS techniques and tools. The following are the 
sub-goals: develop and identify the selection criteria 
for economic zones to accommodate the fourth-gen-
eration industries, classify and normalize economic 
zones within the framework of the 4IR, as well as se-
lect the most suitable sites for the settlement of the 
fourth-generation industries considering the circum-
stances in Egypt.

Methods 
As shown in Fig. 2, the overall methodology used is 
to determine what types of economic zones exist 
and what criteria should be applied to classify them, 
through processes in successive and systematic 

steps that are detailed in the first stage of the re-
search. Based on the classification reached, several 
factors are considered, the most significant of which 
is the industrial level. Consequently, the factors are 
split into two groups. Furthermore, the standards and 
criteria of the second group are found to be appropri-
ate for the localization of high-tech businesses. The 
next phase is to define the criteria for resettling the 
high-tech industrial zone and the suitable techniques 
for selecting the optimum location for such a zone. 
The third phase is the application stage, which is to 
find and select the best high-tech industrial zone in 
Egypt, and find the proper location inside the select-
ed region using the Fuzzy GIS approach. Spatial deci-
sion-making frequently uses this set of techniques, 
thus achieving the desired outcome and selecting the 
best option for the Egyptian situation.

Policies of Economic Zones under the Fourth 
Industrial Revolution (4IR)

The concept and technology have evolved as a result 
of successive developments in the industrial sector. 
In light of the 4IR and other developments, we have 
found that many types of economic zones have sim-
ilar properties but different purposes and systems. 
Literature review and analysis have revealed two dis-
tinct groups, each with slightly different scopes but 
overlapping and similar aspects. Classification and 
comparison have been used to determine the prin-
ciples and standards for each category, as in Fig. 3 
based on the classification below:

1 Zones for specific economic activities;

2 Fields conducive to marketing high-tech research  
results;

3 Zones for trade and export;

4 Fields of cooperation with specific countries or  
regions; 

5 Industry level; 

6 Efficiency, innovation, and sustainability in the  
industrial sector;

7 Investment zones designed to attract certain types of 
investment;

8 Sustainable development goals and principles; 

9 Criteria and economic zone standards.



101Environmental Research, Engineering and Management 2022/78/4

Fig. 2. The framework of the methodology (Source: authors)

The level and location of industries in any generation 
have served as bases for comparison, analysis, and 
differentiation between the two groups; as the out-
come of development is the role of technology and 
industrial ideology seeking to achieve sustainability 
and long-term sustainable growth in manufacturing.

Hence, the literature on economic zone concepts and 
approaches has been studied to determine the group 
to which these zones belong according to the simi-
larity of objectives, policies, and types of industries. 
Two groups of economic zone characteristics and 
approaches have been identified in light of previous 
readings on this topic, as shown in Fig. 2. The first 
group is concerned with zones that aim to attract in-
vestment for specific economic purposes and activi-
ties, as well as traditional industrial activities, while 
the second group is concerned with zones that aim 
to conduct sustainable industrial processes, achieve 

high-tech industries through “zero” emissions, pro-
vide easy access and effective mobility, enhance the 
quality of life, create a sustainable environment, link 
high-quality education to innovation, promote the 
technology-based innovative industry, demonstrate 
a healthy lifestyle and utilize green areas, renewable 
energy, green buildings, smart manufacturing, data 
infrastructure, green and smart transportation, smart 
water management and smart waste management. 

Each of the following policies consists of a series of 
standards, each of which follows a set of indicators. 
The first group is summarized in 7 policies for indus-
trial zone development, along with 6 main standards 
and principles. The second group is summarized in 5 
policies for industrial zone development, along with 6 
main standards and principles.

The policy formulation suggestions for the green eco-
nomic zone are shown in Fig. 3. (World Bank, 2016). 
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Same 
characteristics

Same 
characteristics Direct Indirect Collaboration Identical Timeline 

These policies are a long-term vision and a frame-
work for long-term planning, addressing the target 
industry’s specific requirements; emphasis should 
be on integrated infrastructure, focusing on environ-
mental management, facilities, and social infrastruc-
ture in general, making the best use of the availability 
of land, flexibility in designing and maintaining the 
built environment, industrial symbiosis, preservation 
of the necessary natural elements, use of renewable 
energy sources and energy efficiency, planning and 
choosing the optimal site, environmental initiatives 
and clean production, resource-saving and low-car-
bon, solid waste management, decentralized sewage, 
and wastewater solutions, and sustainable transpor-
tation and mobility.

Spatial Analysis of Suitability for Fourth-
Generation Industries

The goal of this analysis is to find the optimum plac-
es (Dawoud, 2013). The formation of fourth-genera-
tion industries is based on many variables (Tantillo, 

Fig. 3. Setting policies for green economic zones (GEZ) (Source: Author)

2007), such as topography, soil, water resources, 
flood catchments, elevation, roads, the distance of 
cities, farmland, insolation, hills, shadow and light, 
vegetation, sea-level rise, standard humidity differ-
ence, air environment standards, etc. From a scien-
tific and practical standpoint, the most significant task 
is to determine the proper criteria and circumstances 
for the site. Later on, when performing site selection 
analysis by the GIS, users must set various criteria so 
that the best or ideal sites can be rated based on these 
criteria. The Fuzzy GIS method is going to be used for 
analysis.

Fuzzy logic emerged in the context of the theory of 
fuzzy sets, introduced by Zadeh (1965). Such logic 
proposes that linguistic variables will better reflect a 
complex system of traditional representations of dif-
ferential equations (Dixon, 2005). Furthermore, the 
potential of the fuzzy set theory in GIS emerged with 
the advent of computer-based GIS. For instance, in 
his essay on the principles of logic in a GIS, (Robi-
nove, 1986) highlights the potential value of fuzzy set 
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theory. The relevance of fuzzy sets to GIS was recog-
nized by a relatively small group of researchers many 
years ago (Robinson, et al. 2003). In fuzzy GIS, pixels 
are assigned an amount from 0 to 1, which helps the 
user to determine the likelihood that a site is suitable 
or unsuitable. This step assigns values with 0 being 
not likely or unsuitable and 1 being most likely or suit-
able, which indicates the suitability of the pixel loca-
tion concerning factors and indexes for the intended 
purpose (high-tech zone /area site selection in this 
context) (Kamran, 2008). Fuzzy logic can investigate 
situations that are both true and false at the same 
time, as follows:

Table 1. Fuzzy membership values (Source: authors, according to Koc-Sa et al., 2013)

Fuzzy Intersection 
(AND)

(1) μAND = MIN (μA, μB, μC ...,)

Equation (1) defines the fuzzy membership values of pixels at a particular place on different factor 
maps. The values are represented by A, B, and C in this equation.

Fuzzy Operator (OR)
(2) μOR = MAX (μA, μB, μC ...,)

Equation (2) defines an equation that is similar to Equation (1)

Fuzzy Algebraic 
Product Operator 

(Product)

(3) μproduct = μ μ
i = 1μi

Equation (3) defines the value of membership on the (i) factor map which is represented by I in this 
equation, the numbers are skewed to (0); therefore, the combination of elements will weaken each 

other.

Fuzzy Algebraic 
Addition Operator 

(Sum)

(4) Sum = 1-( μ μ
i = 1(1-μi) )

Equation (4) shows μi as the value of membership on the factor map of (i) as well, the membership 
values get large and begin to approach equation (1). As a result, combining the elements will have an 

increasing effect, affecting the output map with all of the membership values from the input maps.

Fuzzy Gamma 
Coefficient

(5) μγ = (Eq. 4) γ × (Eq. 3) γ-1

Equation (5) is the result of γ as a number from 0 to 1; in most cases, one fuzzy operator cannot be 
used to combine all layers of data due to a correct and deliberate choice of 0 and 1.

Defuzzification

(6)  
∫γ y × μB (y)dy

∫γ μB (y)dy
b*=

Equation (6) is the process of obtaining a single number from the output of the aggregated fuzzy set.

1 Define the problem and the criteria for selecting a site;

2 Collect levels of criteria;

3 Assign ambiguous membership values;

4 Apply a fuzzy overlay;

5 Verify and implement the results.

Quantitative indicators that are considered standard 
are decided by integrating factor maps with some 
fuzzy indicators, such as the fuzzy AND, fuzzy OR, 
fuzzy algebraic product, fuzzy algebraic addition, and 
fuzzy gamma coefficient as shown in Table 1 (Koc-
San et al., 2013).
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Table 2. Economic zone standards (Source: author according to (Feil, et al. 2019)

Results

Economic zone standards

It is evident from the overall policies of econom-
ic zones that they have a set of standards, and each 
standard has a set of indicators (Leonid et al., 2014). 
The researchers believe that such standards and indi-
cators can be integrated and utilized to evaluate the 
efficiency of the industrial zone, consisting of 11 key 
standards with more than 50 out of a total of 753 as 
shown in Table 2.

Policies of Sustainable Economic Zones from 
4IR to 5IR

By comparing the different types of industrial areas, 
it turns out that industrial zone development policies 
can be categorized into two groups, each of which 
includes a variety of objectives, regulations and pol-
icies; they are different for each country (International 
Development Ireland (IDI), 2020), and each policy will 
be explained as follows: 

(A) First Group: In this group, the sustainable de-
velopment approach is not followed (UNIDO, 2015), 
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697 753 92.6%

Free trade zones

Free airport zones

Tourist zones

Enterprise zones 
“Projects”

Free banking and 
insurance zones

Economic zities

Special economic zones

Industrial park (IP)

Logistics complexes

Eco-industrial parks 
(EIPs)

Low carbon zones “Eco-
cities”

Green industrial 
complexes

A high degree of homogeneity for all criteria and sustainability indicators for the examined industrial areas is indicated by this 
result, which was obtained in various countries and industries with various activities.
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and traditional industries are only used for economic 
components. The policies are in chronological order; 
as shown in Fig. 3 and Table 3. 

(B) Second Group: This group follows a sustainable 
development approach, while keeping abreast of the 
latest approaches in sustainability, and creates closed 
loops of raw materials intending to balance between 
inputs and outputs by reducing the number of indus-
trial materials buried or lost in intermediate process-
es through reuse (GIZ, 2015), and utilizing high-tech 
industries and technology. The policies are in chrono-
logical order; as shown in Fig. 3 and Table 3.

The green industrial zones, according to the research-
ers, are a critical component of the growth process 
and are the quickest and most efficient way to achieve 
full economic development. They are also seen as a 
key tool for encouraging, supporting, creating, renew-
ing, and developing industries by providing the right 
site for targeted industries of all types and sizes, as 
long as they meet the criteria of the second group 
that achieves sustainability and comprises the char-
acteristics and requirements of high-tech industries 
as shown in Table 3.

The second group strives to achieve response tech-
niques in terms of technology, and turn the innova-
tion strategy for the fourth-generation industries into 
design, implementation, discovery, and access to the 
fifth-generation industries, following the develop-
ment approaches for sustainable industrial zones; 
aside from attaining comprehensive changes in fu-
ture industries, society, and employment, which facil-
itates cooperation and internal industrial modeling of 
bodies, as well as global external industrial modeling 
of governments to each other. In addition to Group 2, 
being greater than 20 was “Fully Very High” and was 
assigned a score of 20; with a total of 42% as shown 
in Table 4.

To achieve the 4IR and the 5IR, a set of main objectives 
is achieved by following a set of approaches, which 
are three main approaches and include around 26 
main principles and standards, in addition to policies 
to achieve sustainable development and green areas, 
particularly, in the second group, under the umbrella 
of national strategies, policies, and programs, taking 

into account the requirements of changing technolo-
gy and information networks, as well as climatic and 
global changes. As shown in Fig. 3, based on the com-
prehensive data of the high-tech industrial zone, all 
classification criteria and regional economic changes 
are examined from the perspectives of the economic 
environment, the economic structure, the capital in-
vestment, and the regional scale of high technology, 
considering all other environmental and social as-
pects in addition to the industrial level of the economic 
environment. It is obvious from the results that there 
are many skills related to the high-tech industrial site, 
but there are differences in all other regions. For this 
reason, it is crucial to analyze the concepts of the spe-
cific economic zones from the 4IR to the 5IR with the 
aim of improving social and environmental changes 
and economies in high-tech areas through industry. 
The use of technology can increase the effectiveness 
of data processing and offer useful recommendations 
for the creation of high-tech industrial parks.

Criteria for determining suitability analysis for 
fourth-generation industries include proximity to 
roads due to the need to transport products and goods, 
proximity to the city where the source of employment 
is located, proximity to clean energy stations, proxim-
ity to ports, proximity to airports, gradients and slopes 
that affect the industrial area, proximity to reserves, 
proximity to aquatic life, agricultural land bending, ra-
diation intensity, vegetation cover, normalized differ-
ence moisture index (NDMI), topography, etc. These 
are different from one site to another, there are many 
methods and analytical tools, e.g., MCA, GIS, Indica-
tors, Checklist, Matrices, Participatory, but the focus 
will be on GIS Fuzzy methods. 

According to studies, decision-makers and managers 
use 80% of the data that is related to spatial concerns 
(Worall, 1991), which is an analysis method that is not 
used to study the locations of high-tech industries in 
Egypt. Spatial decision-making frequently uses this 
set of techniques using relative weights and ratings 
for the criteria. On the other hand, the objective geo-
graphic data set of criteria will be using GIS. Also, fac-
tor and constraint layer maps will be created using 
tools for spatial analysis. To create a map of conve-
nience, a decision rule will use Fuzzy GIS methods.
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park (IP) /
Special 
economic 
zones /Green 
industrial 
complexes

Logistics 
complexes

3 The share of ecoregions in 
national merchandise exports 
increased from 22% in 1995 
to 76% in 2003. The share of 
environmental areas in national 
FDI increased from 30% in 2000 
to more than 85% in 2012

Develop enterprises,
improve the 
effectiveness of 
public service and 
trade.

No- 
MinimumEco-industrial 

parks (EIPs)
3, 4 

Vi
et

na
m

/K
or

ea
/

G
ye

on
gg

i

Logistics 
complexes

Low carbon 
zones “Eco-
cities” /Logistics 
complexes

3, 4 

An annual GDP growth rate of 
10.8% from 2006 to 2010, An 
average per capita income of 
US$1,662 (significantly higher 
than usual), and export value 
of US$602 billion (89% of the 
country’s total average of 
US$1,085)

Revise land-use 
priorities, revise 
transportation 
priorities, 
restore damaged 
urban environments, 
promote recycling 
and green and high-
tech industry.

No- 
Minimum

D
om

in
ic

an
 R

ep
ub

lic
 

/ 
Vi

et
na

m
 /

 K
or

ea
 /

 
G

ye
on

gg
i C

hi
na Eco-industrial 

parks (EIPs) /
Low carbon 
zones “Eco-
cities”

Green industrial 
complexes

3, 4 
Employment in free industrial 
zones increased from 500 in 
1970 to nearly 200,000 in 2007

No- 
Minimum

Table 3. Policies of sustainable economic zones from the 4IR to 5IR (Source: authors)
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Activities Markets Industries Contained Approach / Policy Methods Sources

Warehouses 
trade-related

Municipal and Re-
Export

Most industries 
contained in 
these policies 
are: textiles, 
clothing, leather, 
footwear, other 
light products, 
food processing, 
electrical and 
electronic 
products, 
transportation 
equipment, 
data entry/data 
processing, 
chemical and 
petroleum 
products, coal, 
rubber, plastics, 
sporting goods, 
etc., which all vary 
from country to 
country.

Economic 
corridors

CDF analysis
(Omi and Kenji, 2019),
(Ghaempour and Latefi, 
2016), and Farole (2011)

Processing 
and industrial 
production

Mostly export, 
manufacturing, or 
assembly process

Sustainable 
economic zones 
policy

CDF analysis 
/ Checklists 
/ GIS

(UNCTAD, 2020),
(OECD, 2018), 
(Zhang and Ilhéu, 2014),
 (Ohrimenko and Ergunova, 
2019), and (Kondratov, 
2014; Nikolskaya, Blinova, 
Lepeshkin, Kulgachev, and 
Shadskaja, 2020)

Manufacturing 
and multi-uses

Municipal, domestic, 
and multiple re-
export

Sustainable 
economic zones 
policy

AHP analysis 
/ GIS

(Khurram Khan and Babar 
Khan, 2020), (Zeng, Special 
Economic Zones: Lessons 
from the Global Experience, 
2019), and (Riley, 2020)

Utility services 
and sub-elements

A set of interlocking 
services that 
serve each other 
such as utilities, 
telecommunications, 
and industrial waste

Most industries 
contained in 
these policies 
are industrial 
electrical and 
electronic 
products; 
machinery and 
equipment for 
specific industries; 
power generation; 
machine 
tools; medical 
consumables, 
health care, 
pharmaceuticals, 
microelectronics 
and metals; auto 
parts industries, 
shipbuilding, 
aerospace, etc., 
which all vary 
from one country 
to another.

Green economic 
zones policy

AHP analysis
/ Checklists 
/ GIS
flowcharts and 
networks

(LIMA, 2020), (UNIDO, 2019), 
measures (Organization, 
Group and 
Zusammenammenarbeit, 
2017), and (Assembly, 2015)

Utility services and 
sub-elements, 
urban fabric, 
transportation, 
safety and 
security, and 
governance and 
technology. 

promotes export 
orientation and 
integration M 
MOSTLY EXPORT

Industrial park
Critical 
decision 
factors

(Cote and Cohen-Rosenthal, 
1998), (Holden, 2008),
(Roseland, 1997), 
(UNCED,2020),
(LIMA, 2020), and 
(FIAS,2008)

Sustainable 
environmental 
industries

Indicators
(GGGI, 2019), 
(World Bank, 2019), and
(LIMA, 2020),
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Groups

Classification

Industry-
level

Fields con-
ducive to 

marketing 
high-tech 
research 
results

Zones for 
specific 

economic 
activities

Fields of 
cooperation 
with specific 
countries or 

regions

Sustainable 
devel-

opment 
goals and 
principles

Investment 
zones 

designed to 
attract cer-
tain types of 
investment

Fields con-
ducive to 

marketing 
high-tech 
research 
results

Efficiency, 
innova-

tion, and 
sustainabil-

ity in the 
industrial 

sector

Group 1

Free zones
→ 

(11.11%)
← (0%) ↕ (17.4%) ↕ (14.3%) → (10%) → (14.3%) → (14.3%) ↓ (7.14%)

Free trade 
zones

→ 
(11.11%)

→ (16.7%) ↔ (13%) ↕ (14.3%) → (10%) → (14.3%) → (14.3%) ↓ (7.14%)

Free airport 
zones

→ 
(11.11%)

→ (16.7%) ↓ (8.8%) ↕ (14.3%) → (10%) → (14.3%) → (14.3%) ↓ (7.14%)

Tourist zones ↓ (22.22%) → (16.7%) ↔ (13%) ↕ (14.3%) ↔ (30%) → (14.3%) → (14.3%) ↓ (7.14%)

Enterprise 
zones 

“Projects”
↓ (22.22%) → (16.7%) ↕ (17.4%) ↕ (14.3%) ↓ (20%) → (14.3%) → (14.3%) ↔ (10.7%)

Free banking 
and insurance 

zones

→ 
(11.11%)

→ (16.7%) ↔ (13%) ↕ (14.3%) → (10%) → (14.3%) → (14.3%) ↔ (10.7%)

Economic cities
→ 

(11.11%)
→ (16.7%) ↕ (17.4%) ↕ (14.3%) → (10%) → (14.3%) → (14.3%) ↔ (10.7%)

Group 2

Special 
economic 

zones
↔ (13%) ↔ (13.6%) ↕ (19.05%) ↕ (16.7%) ↕ (16.7%) ↓ (11.8%) ↕ (16.7%) ↔ (12.5%)

Industrial park 
(IP)

↕ (17.4%) ↕ (18.18%) ↕ (19.05%) ↕ (16.7%) ↕ (16.7%) ↔ (17.7%) ↕ (16.7%) ↔ (12.5%)

Logistics 
complexes

↕ (17.4%) ↔ (13.6%) ↕ (19.05%) ↕ (16.7%) ↕ (16.7%) ↔ (17.7%) ↕ (16.7%) ↔ (12.5%)

Eco-industrial 
parks (EIPs)

↕ (17.4%) ↕ (18.18%) ↔ (14.3%) ↕ (16.7%) ↕ (16.7%) ↔ (17.7%) ↕ (16.7%) ↕ (16.7%)

Low carbon 
zones “Eco-

cities”
↕ (17.4%) ↕ (18.18%) ↔ (14.3%) ↕ (16.7%) ↕ (16.7%) ↔ (17.7%) ↕ (16.7%) ↕ (16.7%)

Green industrial 
complexes

↕ (17.4%) ↕ (18.18%) ↔ (14.3%) ↕ (16.7%) ↕ (16.7%) ↔ (17.7%) ↕ (16.7%) ↕ (16.7%)

Table 4. Classification values of groups (Source: authors)

(A) ↕ = 20 Fully Very High, ↔ = 15 High, ↓ = 10 Average, 
→ = 5 Weak, ← = 0 Not.

More Favorable Neutral Less Favorable
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Discussion

Case study of Egypt (Suez Canal Area)

Egyptian policies for industrial zones

Egypt has been introduced to the idea of economic 
zones in the second half of the 12th century, repre-
sented by the policy of “free zones” when Alexandria 
was a center of international trade. In 1902, upon an 
agreement between the Egyptian government and the 
Suez Canal Company, a free zone was established in 
the city of Port Said to serve the Company’s objectives 
of expanding and maintaining the Port, with all im-
ported goods exempted from customs (Ahmed, 2004). 
According to the General Authority for Investment and 
Free Zones (GAFI) 2020, there are 114 industrial zones 
in Egypt spread across 26 governorates.

The policies of industrial zones in Egypt developed into 
seven types, which are public and private free zones, 
investment zones, technology zones, special economic 
zones, qualified economic zones, and industrial zones 
(OECD, 2020; Investment Policy Reviews: Egypt 2020). 

The comparative analysis of plans and strategies, such 
as the sustainable development strategy (SDS) – Egypt 
vision 2030, the industrial development strategy 2052, 
the investment attraction plans, the general strategy 
of the Suez Canal area, and the investment attrac-
tion plan of the General Authority for the Suez Canal 
Economic Zone 2016-2035, has shown the endeavor 
to encourage the fourth-generation industries and to 
include sustainability vision in most plans and strat-
egies. It has also been revealed that technical indus-
tries account for 50% of local demand, and more than 
65% of local needs are met by imports (Bahaa El-Din, 
2020).

Furthermore, Egypt’s regulations and legislation in-
clude a series of incentives relating to Investment 
Law No. 72 of 2017 (VanGrasstek, 2008). The free dis-
tribution of industrial zones in Upper Egypt is among 
the most essential incentives. The state also provides 
them with essential infrastructure amenities in addi-
tion to other incentives (General Authority for Invest-
ment and Free Zones, 2017).

Given the identification of the generation of industries 
for each governorate in Egypt, it is found that industries 

in Egypt range between the first and second genera-
tions, which are medium and low-tech industries that 
are highly dependent on the most common natural 
and energy resources. Despite directing plans and 
strategies toward the fourth generation (UNIDO and 
GIZ, 2015), some governorates are heading to the third 
generation and only a few are migrating to the fourth 
generation, as shown in Tables 5 and 6 and Fig. 4. 

It is determined that the Suez Canal Economic Zone 
fits within the second group, which achieves high 
standards of industries. Where is suited for the es-
tablishment of high-quality industries. Reasons for 
choosing the study area for the application are that it 
achieves the principles of sustainability and all of the 
standards, principles, and objectives of the industries 
of the fourth industrial revolution.

Table 5. Policies of economic zones in Egypt (Source: authors)

Policies Group
Area/
Acre

Generation of 
Industry

Free zones (public 
and private)

Group 1 19 867 2nd generation

Qualified 
industrial zones 

(QIZ)
Group 2 4942 3rd generation

Investment zones Group 1 1785
1st and 3rd 
generations

Technological 
zones

Group 2 16 500
3rd and 4th 
generations

Special economic 
zones (SEZ)

Group 2 113 915
1st, 2nd, and 

3rd generations

Industrial zones Group 1 4.5
2nd and 3rd 
generations

There are four industrial zones, 250 industrial facili-
ties, and six ports in the Suez Canal area. The special 
economic zone located northwest of the Suez Canal is 
selected for its economic and logistic importance and 
for the peculiarity of the Suez Canal, which aims to 
develop and advance the national economy, increase 
national income, encourage national, Arab, and for-
eign capital and to attract the largest number of in-
vestments.
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Egypt’s 
Governorates

Development of Industry Generation Types of Industries

Cairo A pioneer in 3rd generation industries
Basic chemicals, electricity generation and distribution, 
and other manufacturing industries

Giza A pioneer in 3rd generation industries
Basic chemicals, electricity generation and distribution, 
and other manufacturing industries

Qalyubia
Cumulative between 1st and 2nd generation indus-
tries and heading to 3rd generation industries

Spinning and weaving, clothing, leather, wood products, 
paper products, electricity generation and distribution, 
lighting, metals, and other transformative industries

Marsa Matrouh A pioneer in 1st generation industries
Spinning and weaving, clothing, leather, wood products, 
and paper products

Alexandria
Cumulative between 1st and 2nd generation indus-
tries and heading to 3rd generation industries

Food, beverages, tobacco, metals, spinning and wea-
ving, and clothing, basic chemicals, lighting, and other 
transformative industries

Beheira Specialized in 1st and 2nd generation industries
Spinning and weaving, clothing, leather, wood, and me-
tals

Port Said
Cumulative between 1st and 2nd generation industries 
and a pioneer in 3rd generation industries

Metals, spinning and weaving, clothing, leather, wood 
products, and paper products

Ismailia
Cumulative between 1st and 2nd generation industries 
and a pioneer in 3rd generation industries

Metals, spinning and weaving, clothing, leather, basic 
chemicals, electricity generation and distribution, ligh-
ting, and other transformative industries

Suez
Cumulative between 1st and 2nd generation indus-
tries and heading to 3rd generation industries

Coal, foodstuffs and drinks, building materials, cerami-
cs, and refractories

Sharkia
No particular generation, but moving from a generati-
on of industries to another

Chemicals, building materials, ceramics, refractories, 
metals, and spinning

South Sinai Migrating to 4th generation industries
Engineering, electronic and electrical industries, and 
service and maintenance centers

North Sinai A pioneer in 1st generation industries
Metal ores, coal, foodstuffs and drinks, building materi-
als, and ceramics

Damietta A pioneer in 2nd generation industries
Metals, textiles, clothing, wood products, and paper 
products

Dakahlia
No particular generation, but moving from one 
generation of industries to another and heading to 3rd 
generation industries

Electricity generation and distribution, lighting, and 
other transformative industries

Kafr El-Sheikh Specialized in 1st generation industries
Foodstuffs and drinks, building materials, ceramics, re-
fractories, clothing, leather, and wood products

Gharbia A pioneer in 2nd generation industries
Metals, textiles, clothing, leather, wood products, and 
paper products

Monufia
No particular generation, but moving from a generati-
on of industries to another

Clothing, manufacturing industries, weaving, and le-
ather

Faiyum Specialized in 1st generation industries
Metals, textiles, clothing, wood products, and paper 
products

Table 6. The development of industries due to the development of the generation of industries in Egyptian cities (Source: authors, according to 
Kamal, 2015)
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Egypt’s 
Governorates

Development of Industry Generation Types of Industries

Beni Suef
No particular generation, but moving from a generati-
on of industries to another

Clothing, manufacturing industries, and weaving

Minya Specialized in 1st generation industries
Metal ores, coal, foodstuffs and drinks, building materi-
als, and refractories

Asyut
Cumulative between 1st and 2nd generation indus-
tries and heading to 3rd generation industries

Foodstuffs and drinks, building materials, and ceramics

New Valley A pioneer in 1st generation industries
Metal ores, coal, foodstuffs and drinks, and building ma-
terials

Sohag Specialized in 1st generation industries
Metal ores, coal, foodstuffs and drinks, building materi-
als, ceramics, and refractories

Qena
Cumulative between 1st and 2nd generation indus-
tries and heading to 3rd generation industries

Foodstuffs and drinks, building materials, and ceramics

Luxor
No particular generation, but moving from a generati-
on of industries to another

Clothing, weaving, and foodstuffs and drinks

Aswan 1st generation of industries
Metals, coal, foodstuffs and drinks, building materials, 
ceramics, and refractories

Red Sea
Cumulative between 1st and 2nd generation indus-
tries and a pioneer in 3rd generation industries

Foodstuffs and drinks, building materials, ceramics, re-
fractories, clothing, leather, wood products, and paper 
products

The Suitable Locations for High-Tech Industries in the Northwest of the Suez Canal Area by FUZZY-GIS

Fig. 4. Concepts of economic zone defined by the 4IR and 5IR (Source: authors)
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There are numerous measurement tools available; 
however, the researchers feel that the best method 
for measuring and determining the greatest locations 
for fourth-generation industries is the Fuzzy GIS. In 
the Fuzzy GIS, pixels are assigned an amount from 0 
to 1, which indicates the suitability of the pixel loca-
tion concerning factors and indexes for the intended 
purpose (high-tech zone /area site selection in this 
context).

GIS methods are used based on several layers. In this 
study, layers of basic standards are generated as in-
puts for selecting potential locations for high-level 
industrial zones as shown in Fig. 5.  These standards 
differ from one city to the next, and their relative im-
portance varies depending on the city’s location and 
nature. These factors are found  to be the most es-
sential after a comparison investigation, as shown in 
Fig. 5. 

Fig. 5. The classification of the industrial areas and the type of the 
industry generations in Egypt (Source: authors)

Current analysis uses the classification and layer 
criteria for quantitative indicators and Fuzzy mem-
bership values by linear groups and the unification 
of each factor using the fuzzy function through the 
pairwise comparison method of the fuzzy rule pro-
cess and fuzzy inference to membership function as 
shown in Fig. 7. By using the techniques of logical and 
weighted linear addition, then de-fuzzification, a de-
cision-making algorithm selects the best crisp value 
from a fuzzy set to achieve locations for fuzzy rule and 
fuzzy inference to membership, as shown in Table 7. 
Equation (6) defines de-fuzzification in Table 1.

The Suez Canal Region comprises six governorates: 
Suez, Ismailia, Port Said, Sharkia, North Sinai, and 
South Sinai Governorate, and is one of Egypt’s seven 
economic regions. For the sake of the current study, 
the area northwest of the Suez Canal is investigated, 
as it is one of Egypt’s most important national projects, 
and attracts relatively high international direct invest-
ment. Fig. 6 shows its location in the northwest of the 
city of Suez at (″25.36′ 58°29N) and (″34.57′31°32′E).

All requirements and standards are layered. The 
standards used in this study are as shown in Table 4; 
14 out of the 26 standards in the GIS environment are 
appropriate for the case of Egypt: topography, soil, 
water resources, flood catchments, elevation, roads, 
distance of cities, farmland, insolation, hills, shadow 
and light, vegetation, sea-level rise, standard humidi-
ty difference. Each map has the highest value of 1 and 
the lowest value of 0 as shown in Fig. 8, leading to 
the composite map of all the standard layers in Fig. 9 
showing the most appropriate location for high-tech 
industries.

Given the selected region, the relative importance of 
standards, and whether the site is suitable for the set-
tlement of high-quality industries, it is concluded that 
there are 4 regions suitable for the settlement of high-
tech companies in the industrial areas. The industrial 
location is always the first choice for high-tech indus-
tries, along with the characteristics and quality of the 
industry and infrastructure initiatives in general.

The northwest of the Suez Canal is identified as the 
most suitable, with an area of 22 km2, a weight of 
0.357724, and a score of 20. The Southeast of the 
Suez Canal is identified as suitable, with an area of 
17.5 km2, a weight of 0.284553, and a score of 15. 
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Fig. 6. Concept framework of the methodology of Fuzzy-Gis study (Source: authors)

Layer Membership Weight Layer Membership Weight

(A) Solar radiation Linear 0/750 (b) Water resources Linear 0/051

(C) Soil Linear 0/040 (d) Roads Linear 0/144

(E) NDVI Linear 0/1 (f) Elevation Linear 0/871

(G) Elevation/Contour Linear 0/110 (h) Suez City Area (urban) Linear 0/241

(I) Slope Non-Linear 0/75.90 (j) Topography Linear 0/30

(K) Hills Linear 0/254 (l) shadow and light Linear 0/254

(M) NDMI Linear 0/0299 (n) NDWI Linear 0/326

Table 7. Classification and layer criteria for quantitative indicators (Source: authors)
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Study area 

Fig. 7. Classification of the study area (Source: authors)

Fig. 8. Concept framework of suitable locations for fuzzy rule and fuzzy inference to membership function (Source: authors)
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Fig. 9. Maps showing the spatial distribution of the 14 input standards in the GIS environment in the area of study (Source: Author)

The Southwest of the Suez Canal is identified as mod-
erately suitable with an area of 13 km2, a weight of 
0.211382, and a score of 10. The East of the Suez Ca-
nal is identified as less suitable, with an area of 9 km2, 
a weight of 0.146341, and a score of 5. 

Therefore, the most suitable locations for the high-
tech industry, as shown in Fig. 9, are the northwest 
and then southeast in the special economic zone 
northwest of the Suez Canal, as shown in Fig. 9 and 
Table 8.

(a) (b) (c1)

(d) (e) (f) (g)

(h) (i) (j) (k)

(l) (m) (n1)

(c2)

(n2)
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Result Area/km2 Weight Score

Northwest 22 0.357724 20 Most suitable

Southeast 17.5 0.284553 15 Suitable

Southwest 13 0.211382 10
Moderately 

suitable

East 9 0.146341 5 Less suitable

Table 8. The result of the overlay fuzzy map of high-tech industries in 
the SEZ Northwest of the Suez Canal

Fig. 10. Overlay fuzzy map of the locations of high-tech industries in 
the SEZ of the Suez Canal (Source: authors)

Conclusion
This paper briefly addresses the policies dealing with 
economic zones in light of the 4IR. A set of criteria are 
proposed that define and classify industrial and eco-
nomic zones according to the possibility of switching 
to the fourth-generation industries. The researchers 
conclude that the industrial areas can be classified 

into two groups, as follows: the first group which does 
not follow the sustainable development approach 
and traditional industries are only used for econom-
ic components, and the second group which follows 
a sustainable development approach, while keeping 
abreast of the latest approaches in sustainability, 
and creates closed loops of raw materials intending 
to balance between inputs and outputs by reducing 
the number of industrial materials buried or lost in 
intermediate processes through reusing and utilizing 
high-tech industries and technology. In addition to 
that, another set of criteria are proposed that can be 
used to determine the best geographical locations for 
the settlement of fourth-generation industries.

To find the ideal locations for establishing high-tech 
industrial regions, the research offers an environ-
mental simulation through  the Fuzzy GIS, which  is 
deployed in the special economic zone northwest of 
the Suez Canal. Information systems using fuzzy’s 
environmental approaches are crucial in order to dis-
cover high-tech industrial zones within complicated 
economic and industrial zone projects, considering 
the environment and urban, economic, and social fac-
tors that cannot be directly assessed by other ways.

By applying the results of the research to the Egyptian 
case, it became clear that the industrial zones in Egypt 
are still between the first and second generations. The 
criteria reached by the researchers are used to deter-
mine the best sites for the localization of fourth-gen-
eration industries through a comparison between the 
industrial and economic zones in Egypt, selecting the 
Suez Canal area as the best area that can convert to 
the fourth-generation industries, as well as the best 
geographical location for the settlement of high-tech 
industries. The research achieves its objective of find-
ing ideal sites for the establishment of high-tech in-
dustries and fourth-generation projects. In the Suez 
Canal area, 14 of the 26 criteria are appropriate to 
the Egyptian case and GIS techniques. These criteria 
identify the economic zone northwest of the Suez Ca-
nal as an ideal environment for high-tech projects, lo-
cated in the northwest and southeast. The northwest 
of the Suez Canal is identified as the most suitable, 
with an area of 22 km2, a weight of 0.357724, and a 
score of 20.
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Because of the expected long-term economic, en-
vironmental, and social benefits, the government 
should encourage the private sector to use such useful 
methods (Fuzzy GIS). On the other hand, the govern-
ment should contribute to and support the technology 
industry and promotion of green policies, which is the 
future solution for most of the environmental prob-
lems in Egypt, especially in the Sinai region. Howev-
er, these technologies must be used properly. Finally, 

the research recommends developing an integrated 
industrial strategy that takes into account the environ-
ment, communications, multiple energy sources, and 
transportation, to ensure that the pillars and elements 
of the Fourth Industrial Revolution are faced with glob-
al changes such as the COVID-19 pandemic (Corona 
Virus). Also, the research emphasizes the value of GIS 
Fuzzy methods, which are frequently used in making 
spatial decisions for high-quality industrial sites.
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