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Abstract: Green technologies play an essential role in designing and developing sustainable and
environmental strategies at a country level. With a growing emphasis on green technology strategies
in strategic decision making, there is an opportunity for developing and implementing strategies to
accelerate green technologies in developing economies. Therefore, this study develops an integrated
strategic framework based on Strengths, Weaknesses, Opportunities, and Threats (SWOT) for effective
green technology planning. The SWOT approach scans internal and external factors and sub-factors
essential for green technology planning in Pakistan. Subsequently, the Grey Analytical Hierarchical
Process (GAHP) method is employed to compute weights of twenty-one subfactors. Finally, Grey
Technique for Order Performance by Similarity to Ideal Solution (GTOPSIS) is used to prioritize
eighteen strategies developed for sustainable green technology planning. Results reveal that high
productivity potential in the agriculture sector, less foreign investment due to terrorism and security
issues, decreasing the cost of green technologies, and the opportunity to build a positive image
are key sub-factors for strategic green technology planning. In contrast, improving the security
situation in the country to attract foreign direct investment, fewer taxes and duties on import of green
technology and lenient rules for local business in transition, and plans and programs to promote
green technology in the agriculture sector are observed as optimal strategies. This study is the first to
propose a systematic, integrated framework for sustainable green technology planning in Pakistan.
Our study fills a gap in the strategic planning and implementation process and provides pathways
for policymakers in addressing impediments when implementing green technology planning.

Keywords: environmental strategies; sustainability planning; green growth; green energy resources;
SWOT-GAHP

1. Introduction

Green technology (GT) is a significant parameter in attaining regional and international
sustainable development goals (SDGs). It also helps to minimize the environmental impacts
of economic growth and boost social progress [1]. There is a promising future for green
technology to meet the need for economic prosperity in developing countries. However,
overlapping social and environmental factors might affect green technology deployment
within a given country. Hottenrott et al. [2] discovered that technology’s feasibility and
potential impact of economic and environmental factors should be addressed before im-
plementing green technologies. While humans are striving to increase productivity and
economic growth, these goals have polluted the water, air, and global ecological systems.
In such circumstances, green economic transitions are necessary for stabilizing natural
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systems as developing countries consider their vulnerability to environmental hazards [3].
For the sake of this study, we focus on a developing country context and Pakistan.

Solow [4] presented an economic theory for technological change and impacts on a
production function. This theory has parameters for technological upgrades considering
managerial and system factors in an organization. More recently, a green productivity
paradigm now alters our awareness of technological change and production functions. As
a result, we now have more awareness of sustainable development while highlighting the
importance of merging environmental and energy factors with economic development
models. This awareness can help ensure improved sustainability and development [5].

Technological advancements promote human development and accelerates economic
development in society [6]. Green innovations protect the environment by providing safe
means to utilize energy and resources [7]. When combined, the deployment of green tech-
nology reduces environmental impacts and increases productivity [8]. Therefore, economic
and social development differs across regions, requiring unique, sustainable development
and strategic investment plans [9]. In recent years, few countries took the initiative to
promote green growth development with national and regional investment banks. Such
investment platforms boost economic growth while ensuring environmental sustainability.
The UK’s Green Investment Bank and Austria’s Clean Energy Finance Corporation are
examples of such investment banks [10]. OECD has been taking the initiative to promote
green investment banks. At the time of developing this study, there are twelve functioning
banks. Recent research discovered that such investment banks attract a great deal of private
investments for funding green infrastructure and technological innovation [11].

In recent years, Pakistan’s government has established a GT program to provide
investment to encourage and facilitate green technology development and transition. This
investment program is an initiative to implement and comply with the Paris Agreement
and UN’s 2030 agenda. The Ministry of Science and Technology of Pakistan and the
Ministry of Planning and Development of Pakistan designed this program to facilitate
technology transition in the country. Green investment banks are responsible for funding
green technology directly with the sole objective to provide a green solution to transitioning
customers and support for this process.

Despite the programs in place, the adoption and deployment of GT faces many
hurdles [12,13]. Such barriers can be the result of weak state policies [14], an inappropriately
aligned market [15], a lack of understanding of the phenomenon [16], and the inability to
find proper financial resources [17,18]. In many developing countries, there are no strategies
developed for sustainable green technology. The absence of a proper categorization system
creates an ambiguous situation in the selection of green technologies. GT is a dynamic
concept; thus, the absence of a proper planning system can result in confusion around this
technology and its economic impacts. Although various countries use GTs, the strategic
planning process is not consistent across countries or regions, hindering the GT transfer
process at an international level. In order to better promote global green technological
transfer, it is crucial to establish a framework for investment banks, consumers, investors,
and technology providers in order to understand the important aspect of GT opportunity.

One of the objectives of green growth is to promote ecofriendly products in relevant
countries and industries and to help protect the environment from harmful emissions.
Hottenrott et al. [2] stressed the importance of GT, the adoption process, and efficient
energy resources to help enterprises with this transition. A green technological transition is
not the obligation of one entity in a country. Public and private sectors need to collaborate
to achieve technological advancement and ensure economic stability. Zhang and Li [19]
suggested that political regimes influence green innovation and green investments. Thus,
green growth and green technology require substantial support from central authorities in
order to flourish.

In Pakistan, the GT growth program has three main goals: First, to comply with and
execute the Paris agreement and 2030 agenda at the national level; second, effective collabo-
ration between the ministry of technology and science and the ministry of finance promotes
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green-tech transfer at the national and international levels; third, provide opportunities
for the technology to advance green technologies in the country. As an initiative, green
technology investment was established as part of a national plan to promote Pakistan’s in-
novative practices. In 2019, the Ministry of Science and Technology of Pakistan highlighted
the importance of GT in speeding up the development of innovative mechanisms for green
technology with a market-oriented approach [20].

GT plays a significant role in renewable innovation and investment. Pakistan as a
developing country that is transitioning to green technologies, but there is no strategic
planning framework to understand the process and technologies involved. Therefore, we
observe a significant research gap in the context of this country that can be applied to other
countries. The primary agenda of this research study is to fill this gap. This study’s main
contribution is to provide an integrated GT strategies framework for sustainable planning
at the country level. Given the growing importance of integrated management (see, for
example, Sroufe [21]), we have developed an integrated framework for GT strategies for
the planning process presented in Figure 1.
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Figure 1. A framework of integrated green technology flows.

The integrated framework helps to understand how GT helps develop environmental
sustainability and improved living standards. It also provides valuable information for
stakeholders and investors to understand the concept of green technologies. In this study,
we utilize a strategic SWOT (Strengths, Weaknesses, Opportunity, and Threats) approach
to identify internal and external factors involved in strategic planning for green technology.
Here, we develop and evaluate green technologies strategies according to their relevance
for green economic growth in Pakistan. This study’s outcomes include but are not limited to
the following: (1) helping policymakers devise more appropriate and systematic policies to
understand and address green technologies; (2) the literature reviewed in this study helps
develop a new mode of inquiry and will attract more researchers to study this domain; and
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(3) the theoretical framework developed in this study can serve as a guide to relevant studies
in other country contexts. Additionally, this study’s insights can help enable investments
in green technology and lay the foundation for more sustainable development in Pakistan.

Our study aims to provide significant contributions to the GT literature. First, the
literature lacks understanding as to the collective factors of GT implementations and how
they enhance strategic decision making to leverage resources in exploiting opportunities to
achieve sustainable development objectives. While previous literature has examined the
establishment of evaluation index weight of GT innovation in the manufacturing indus-
try [22], little to no research has identified key opportunities and threats in implementing
the GT planning process. Second, previous researchers suggested that possible identi-
fication barriers in GT adoption and transformation are necessary to develop a policy
framework for overcoming impediments to facilitate decision making [23]. Our study
narrows the gap between strategic planning and implementation process by providing
pathways for policymakers that address impediments in implementing GT initiatives suc-
cessfully. Third, a fundamental challenge to the organization is a lack of understanding of
potential GT adoption opportunities and organizations’ transformation. This study is the
first study to develop an integrated strategies framework for GT planning in a developing
country context. Our findings help policymakers, strategic planners, and government
agencies in the process of green technology planning.

The analysis has three sections. In the Section 1, a SWOT technique is used to identify
green technologies’ internal and external factors. We finalized twenty-two SWOT sub-
factors for further data analysis. In the second part, the Grey Analytical Hierarchy Process
(GAHP) is employed to determine the weights of SWOT factors and sub-factors. As a
second phase, we merged internal and external factors as Strength–Opportunity, Weakness–
Opportunity, Strength–Threat, and Weakness–threat and prioritized twenty-one green
technology strategies. Finally, Grey Technique for Order Performance by Similarity to
Ideal Solution (GTOPSIS) evaluates eighteen green technology strategies for a developing
country, i.e., Pakistan’s planning. The study’s structure is as follows: Section 2 presents
a literature review on green technologies with a SWOT approach. Section 3 offers the
integrated SWOT method, Grey Analytical Hierarchy Process (FAHP), and Grey Technique
for Order Performance by Similarity to Ideal Solution (GTOPSIS), resulting from calculating
weights and ranking of leading green technologies according to factors and sub-factors
and evaluation of green technology strategies. The conclusion, implications, and future
directions are in the Section 5 of the study.

2. Developing a Green Technology Strategic Planning Framework

The organizational commitments to protect and sustain the environment attract and
drive investments in green technology, regardless of the sector (public or private) [24].
By managing waste materials efficiently, green technologies protect the environment and
help control toxic pollution and preserve natural order [25,26]. Climate change has caused
several shifts in the environment. In response to these shifts, domestic and international
authorities have made several laws that motivate enterprises to transition from conventional
technologies to green technologies deployment [27]. To comply with the regulations and
cope with environmental challenges, organizational commitment towards the environment
is one factor that can make them invest in green technologies [28]. Although strict state or
international laws can catalyze green technology investment, the study of Dangelico and
Pujari [29] found that environmental laws cannot only instill a fear of compliance to avoid
penalties or punishment. Environmental regulations also open up opportunities to build
strong values in the eyes of stakeholders and help to generate and sustain revenues.
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In addition to regulations and environmental challenges, management involvement
can also serve as a motivator for GT investment. Bossle et al. [30] found that green or-
ganizational practices are a byproduct of managerial concern toward the environment.
Xie et al. [31] explained green revolution in technology as green innovation. Chen (Chen,
2008) [32] argued that product and process innovations in an organization could be im-
proved with management’s engagement and commitment toward continuous learning
about the environment and green practices. Huang et al. [33] suggested that managerial
concerns toward environmental challenges during HR practices (training and development)
truly reflect their involvement in green innovation and practices at an organizational level.
Lisi et al. [34] further finds green innovation as a key element in business and environ-
mental management, which helps organizations channel performance and productivity,
build reputation, and gain a competitive advantage in national and international markets.
Stucki [35] stated that transition from traditional technology to GT is costly for organiza-
tions and can take some time to improve productivity and organizational performance.
He further argued that if managerial concern and green technology transfer are merged
with the organizational change process, it can help organizations adopt and efficiently use
technology to enhance productivity.

According to Rauter et al. [36], a growing concern about the environment has been
observed in people worldwide. This concern is putting substantial pressure on firms
to meet society’s expectations. They further found that firms worldwide are trying to
meet sustainability goals in order to build up a reputation and draw potential consumers’
attention. Consumer perception and demand can also serve as a potential driver for
GT. We also know that organizations adopt green practices and eco-innovation to fulfill
customer’s and society’s demands. Yasir et al. [37] found that raising awareness about
environmental challenges makes customers demand organizations adopt processes and
produce ecofriendly and energy-efficient products and services. Therefore, organizations
need green innovations and technology to attract and retain customers by offering them
environmentally friendly products and services [38,39].

Despite regulations, management concerns, and consumers, there can be few per-
ceived economic drivers for green technology adoption aligned with achieving sustainable
development goals. First, managers typically look at the firm’s economic growth to satisfy
stakeholders with cost-effective products and services [40,41]. Next, the organization’s
monetary interest and performance focus are on low production costs and sufficient rev-
enues [42]. Research by Saunila et al. [43] suggested that economic sustainability objectives
are antecedents of green technology. Hojnik and Ruzzier [44] state that cost efficiency is not
motivated by adopting and deploying green technology. However, it can attract research
and development funding to support environmentally friendly processes.

Designing a GT strategic road map comprises two main processes. The first is the
planning process of analytic design and organizational structure of green technology
in Pakistan, presented in Figure 2. In the first phase, Pakistan’s main environmental
challenges are highlighted, such as climate change issues, water scarcity due to lack of
dams and political instability, and the issue of deforestation due to unplanned urbanization
and industrial development. The 2030 agenda comprises SDGs, fulfills stakeholders’
requirements, and implants green technologies at a Plan-Do-Check-ACT (PDCA) process
approach. The government and parliament intend to adopt and promote GTs in Pakistan.
The next important step in GT’s strategic planning comprises three sub-parts such as
evaluation, feasibility, and investment planning in GT. The last step in planning phases
involves classifying GTs, technology trade, and promotion of GTs, respectively.

In contrast, the second process involves implementation. This phase involves the
direction processes of GT, such as information process, transfer process, and financial
process. In the information process of GT, technology demand and technology suppliers
are involved. At the same time, the transfer process indicates technology trade for green
projects at a country level based on three supporting factors: the technology supply side,
GT bank, and technology demand side. Finally, the financial process provides financial
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assistance to invest in GT through financial products such as green bonds, green insurance,
and mutual funds.
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Organizations tend to use material and energy-efficient sources to reduce operational
and production costs to minimize the cost of taxes [45]. Therefore, the prices of energy
sources and product materials can drive the eco-innovation process. Every organization
strives to increase productivity and this productivity provides opportunities for green
technology adoption [2]. Improved production systems offer economic benefits to an
organization and green technology, thus improving productivity and enhancing operations.
While there are many vital criteria and types of technology to consider, decision makers
need tools to determine which criteria are critical to good decision making. In this study, we
classified GT into five main categories, such as environmental quality, resource utilization,
energy utilization, life health, and ecological safety, and then divided these further into
subcategories under each main category (see Figure 3).
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Multi-Criteria Decision Making (MCDM) Related Literature

Multi-Criteria Decision Making (MCDM) methods have been extensively used to
evaluate clean technologies to provide an optimal solution for complex decision-making
problems. There are numerous types of MCDM methods that can be applied either in their
conventional or in a fuzzy form to solve green technology planning decision problems.
Table 1 presents MCDM methods applied to previous studies regarding clean technology
development with summary information for the research problem, study objectives, meth-
ods/approach used, different criteria selected, and study outcomes. These prior studies
used either single or combined methods to determine an optimal solution for clean/green
technology planning. This study is the first to use integrated MCDM methods combined
with Grey System Theory (GST) and SWOT approaches to evaluate green technology
strategies for sustainable planning in Pakistan.

Table 1. Summary of MCDM method used in green technology studies.

CriteriaStudy Region Application
Area

Study
Objective Research Problem

Method/
Approach Env Soc. Eco. Others Study Outcomes

[46] Iran

Selection of
optimal
energy

technologies

Prioritization
of renewable

energy
resource

Due to increasing
usage of fossil fuels

for generation of
electricity, further
study is needed to

develop
environmental

sustainability in five
regions of Iran.

AHP,
TOPSIS,

and SAW
X X X X

Economic criteria
recorded the most

influencing criteria for
renewable resources and

environmental
sustainability in Iran.

[47] Pakistan

Selection of
energy to

waste
technologies

Assessment of
energy to

waste
technologies

for green
growth: A

post-COVID-
19

scenario.

Massive level of waste
generation in different
sectors can be utilize
for as feedstock for

electricity generations.

Fuzzy
ANP,
Fuzzy

DEMATEL,
Fuzzy

VIKOR

X X X

The technology of
gasification was

analyzed along with the
most favorable
technology for

generating energy from
waste. It is concluded
that there is need for

green technology to cop
up pollution and

emissions problems to
prevent the economy

from future crises.
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Table 1. Cont.

CriteriaStudy Region Application
Area

Study
Objective Research Problem

Method/
Approach Env Soc. Eco. Others Study Outcomes

[48] Turkey

Site selection
for solar
energy
projects

A case study
on assessing

the
integration of
solar power

projects

There is a huge
potential of solar

energy production in
Turkey, but selection
of optimal site is still

under investigation to
install the solar

projects in Turkey.

AHP and
Fuzzy

VIKOR
X X X X

Government influences
to allocate land and road
accessibility are the most

influencing factors to
install solar energy
projects in Turkey.

Moreover, it is recorded
that the total 1527 kWh

per square meter per
year electricity can be
produced every year
through solar projects

[49] Egypt Green Trans-
portation

Selection of
electric bus
for green

transporta-
tion.

Ankara is a highly
populated area with

heavy traffic that
produces emissions

and has adverse
effects on human

health and
environment.

Therefore, there is a
need to investigate the

selection of electric
buses to improve air
quality and reduce

emissions.

AHP and
TOPSIS X X X

[50] Pakistan
Cleaner
energy

technologies

They are
assessing the
barriers to the
implementa-

tion of cleaner
energy

technologies.

Pakistan has a severe
shortfall of electricity.

However, Pakistan has
an excess amount of

renewable energy
sources but

unfortunately the
country remains
unsuccessful in

utilizing these sources
in order to fulfill

electricity demand.

Modify
Delphi

and
Fuzzy
AHP

X X X

Political instability and
regulatory barriers are
the most influencing

barriers that have
become hurdles in

utilization of renewable
energy sources in

Pakistan. Based on the
results, there is a need to

establish an effective
governance and

institutional system to
promote renewable

energy policies.

[51] Pakistan
Sustainable

Energy
Planning

Evaluating
the strategies

for
sustainable

energy
planning in

Pakistan

Pakistan has rich
sources of renewable

and sustainable
energy sources. The

rapid increase in
population growth

and industrial
development posits

high demands of
energy, which may

raise the level of GHG
emissions. Therefore,

policymakers and
experts need to

develop strategic
sustainable energy

plan to promote
renewable energy

production as well as
protect the ecosystem.

SWOT-
AHP and

Fuzzy
TOPSIS

X X X X

The government should
emphasis and promote

RE and provide low cost
and sustainable

electricity to residents,
industries as well as

commercial areas. This
study provides policy

guidelines for
policymakers to develop
strategies for sustainable

energy planning in
Pakistan.
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Table 1. Cont.

CriteriaStudy Region Application
Area

Study
Objective Research Problem

Method/
Approach Env Soc. Eco. Others Study Outcomes

[52] Pakistan

Social
Sustainability
implementa-

tion

To identify
the critical
factors that

hinder the im-
plementation

of social
sustainability
performance

There are several
barriers with respect

to implementing
social sustainability to

achieve Sustainable
Development Goals
(SDG3, SDG5, and

SDG17) in Pakistan. In
addition, this study
identified existing

barriers in
manufacturing firms

and provided solution
to impede these

barriers.

AHP X X

It analyzed that
governance barriers are

the most influencing
barriers and become

hurdles in the
implementation of social
sustainability practices
in the manufacturing

sector of Pakistan.

[23] China
Green

technology
adoption

They are
assessing the

barriers of
green

technology
adoption for
enterprises.

The transformation of
technology from

conventional to green
is a multifaceted

process. In addition,
the identifications of
barriers that hinder
implementing green

technology are
complicated.

Therefore, this study is
conducted to fills gaps

in the literature.

Fuzzy
AHP X X X

This study developed a
systematic

decision-making model
for green technology
adoption for Chinese
enterprises at micro

levels. Furthermore, this
study develops a

decision support system
to identify barriers such

as psychological and
competence barriers,

which hinder the
promotion of sustainable

development and
corporate environmental

performance.

[53]

United
King-
dom
(UK)

Green
buildings

technology

Selection of
retrofit for

non-domestic
building by
using green
technology.

There are many factors
and criteria involved
in selection of green

technology for
retrofitting to existing

buildings to reduce
carbon emission and
energy consumption.
Therefore, a in-depth

investigation is
needed to dig out the
most optimal solution
to assess and rank the
retrofitting of existing

buildings.

AHP X X X X

This study developed an
integrated green

technology framework
to select the appropriate

green technology for
retrofitting to existing
buildings in order to

reduce carbon emission
and energy

consumption. It has
been observed that

variable speed drives in
air handling units were

ranked the most
effective criteria.

[54] China
Green

technology
innovation

The
evaluation of

green
technology

innovation on
ecological-
economic

efficiency of
strategic
emerging
industries.

To identify obstacle
factors in the

implementation of
green technology to
improve ecological

and economic
efficiency.

Entropy
weighted
TOPSIS

X X

This study proposed a
systematic green

technology innovation
framework to evaluate

environmental and
economic efficiency.

Moreover, two
approached were

identified to effectively
implement green

technologies such as
internal integration

(culture and institution)
and external integration

(knowledge and
information).
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Table 1. Cont.

CriteriaStudy Region Application
Area

Study
Objective Research Problem

Method/
Approach Env Soc. Eco. Others Study Outcomes

[55] Finland
Household

heating
technologies

We are
prioritizing

the six
household-

level heating
technologies
to improve
climate and

health
standard.

Conventional
household heating
technologies have
adverse effect on

climate and human
health. Therefore, the

transformation of
conventional

household heating
technologies to green

technologies is needed
to control the

emissions and reduce
PM2.5 in order to

improve living
standards.

AHP X X X

This study proposed a
framework based on the
MCDM model to adopt

green technology
household heating

technology to reduce the
impact of climate

change and improve air
quality. In this study, the

adoption of modern
wood base chip

combustion technologies
was suggested for

helping to minimize the
exposure of PM 2.5 in

non-urban areas.

[56] China
Integrated

Management
System

The
development
of integrated
management
systems for
sustainable

development

There are various
management

standards that have
different features and
benefits, but there is

no standardized
integrated

management system
that can be developed
with the help of these

management
standards. Thus, there
is a gap in literature.

AHP and
Fuzzy

VIKOR
X X X

The International
Organization for

Standardization (ISO)
standards and Global
Reporting Initiative

(GRI) standards are the
best standards for

developing a dynamic
integrated management

system.

[57] Europe Green
Transport

The analysis
of the current

share of
renewables in
the European

transport
sector (RES-T)

How do the European
member states

perform prospects of
biogas, biomethane

development in terms
of both RES-T share

and per capita indexes,
and what are the

barriers hindering the
achievement of

sustainable
development targets?

SWOT-
AHP X X X X

This study suggested
that the biomethane is a

sustainable fuel for
vehicles and it can

replace other fuels to
help the environment to

become more
sustainable. Moreover,

the development of
biomethane fuel can

grow with the support
of governments.

3. Research Methodology
3.1. Integrated SWOT-GAHP and GTOPSIS Methods

This study uses an integrated SWOT, GAHP, and G-TOPSIS methodology to assess and
prioritize green technology strategies for increased sustainable development in Pakistan,
as presented in Figure 4. Within this study, a SWOT approach is applied to identify
GT’s internal and external factors for sustainable investment in Pakistan. In contrast, the
GAHP technique computes each internal and external main factor and sub-factors’ weight
characterized by SWOT analysis. Finally, the GTOPSIS technique prioritizes and identifies
optimal green technology strategies for Pakistan’s sustainable development.

3.2. SWOT-GAHP Approach

In this study, we integrated the SWOT approach with GAHP. As a building block,
SWOT is the most widely adopted systematic and strategic approach for sustainable
planning and analyzing internal and external factors. Moreover, it cannot prioritize these
factors during the strategic development process [58]. Hence, SWOT-GAHP integration
measures internal and external factors quantitatively in the decision-making process. There
are two main stages involved in SWOT analysis: (1) the construction of the SWOT matrix
and (2) the development process of strategies using the SWOT matrix. Previous scholars
have applied SWOT analysis to combine AHP and TOPSIS to make strategic decisions
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in different industries [51,59]. A schematic framework of integrated methods utilized in
this study is presented in Figure 4. Previous research studies have proposed a hybrid
methodology based on AHP-TOPSIS and AHP-SAW methods in prioritizing renewable
energy resources [46]: the AHP-TOPSIS technique for design parameter selection [60] and
SWOT-AHP [59,61] for strategy development for the space industry and forest certifications.
None of these studies used the grey hybrid model technique. In order to fill the gap in
literature, this study used the integrated grey hybrid model of Grey-SWOT AHP and Grey
TOPSIS to develop green technology strategies for sustainable planning. Furthermore, the
main advantage of using GAHP and over simple AHP is that G-AHP is more proficient
in dealing with uncertain or an incomplete set of judgments [62]. We chose G-AHP over
fuzzy AHP because the former already includes fuzzy conditions and, therefore, handles
fuzziness in decision making [63].
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To the best of the author’s knowledge, there is no standard available for how many
experts should be involved in this analysis. However, prior studies used a different number
of experts for data analysis to obtain reliable results. For example, Solangi et al. [51]
selected ten experts for data analysis for the assessment of renewable energy barriers for
sustainable energy planning in Pakistan, whereas Wang et al. [58] selected five experts
by using FAHP to select strategic renewable energy resources in Pakistan to improve
sustainable development. In this study, we utilized eight academic and industrial experts
to help with this analysis.

3.3. Grey Analytical Hierarchy Process

Within this study, we used the Grey Analytical Hierarchy Process (G-AHP) method to
obtain weights of major and sub-criteria of green technology strategies using the integration
of Grey System Theory (GST) and Saaty’s AHP. In order to evaluate experts’ feedback, the
following (1, 3, 5, 7, and 9) five scales were used in GAHP. On the other hand, in Saaty’s
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AHP, a 1–9 scale was used to construct pairwise judgment matrices. Table 2 presents the
details of GAHP linguistic values. GAHP has numerous advantages, such as high accuracy
over traditional AHP. In addition, it works better on incomplete information and a set of
expert feedback [64,65]. We are using the GAHP method over Fuzzy AHP because the
former already includes fuzzy conditions and, therefore, expertly handles fuzziness in
decision making. This method confirms the elements of the evaluation matrix by using grey
numbers and explicit weight functions that do not depend excessively on the experience of
experts [66]. The construction of GAHP comprises the following steps.

Step 1: The first step involves the development of a hierarchal structure by defining
the study goal, main criteria, and sub-criteria and provides an optimal solution for the
problem to be solved.

Step 2: The second step involves the construction of pairwise comparisons matrices
by using the greyscale presented in Table 2. M indicates the GAHP pairwise comparison
matrix as follows:

M =

 ⊗G11 . . . ⊗G1n
...

. . .
...

⊗Gm1 . . . ⊗Gmn

 =


(

G11,G11

)
· · ·

(
G1n,G1n

)
...

. . .
...(

Gm1,Gm1

)
· · ·

(
Gmn,Gmn

)
 (1)

where the grey number is represented by ⊗Gij, ⊗Gij = 1 if i = j, and ⊗Gij indicates the
upper limit, whereas ⊗Gij are upper and lower limits of ⊗Gij, respectively.

Step 3: We normalized the GAHP pairwise matrix, which is presented as follows.

M∗ =

 ⊗G11
∗ . . . ⊗G1n

∗

...
. . .

...
⊗Gm1

∗ . . . ⊗Gmn
∗

 =


(

G11,
∗G11

∗
)
· · ·

(
G1n,

∗G1n
∗
)

...
. . .

...(
Gm1,

∗Gm1
∗
)
· · ·

(
Gmn,

∗Gmn
∗)

 (2)

⊗ G11
∗ presents upper limit, whereas ⊗ G11

∗ indicates the lower limit, and the nor-
malized limits are obtained as follows.

G11
∗=

[
2G ij

∑m
i=1 G ij+∑m

i=1 G11

]
G11
∗=

[
2Gij

∑m
i=1 G ij+∑m

i=1 G11

] (3)

Step 4: The final step involves the computation of relative grey weights for the
normalized lower and upper limit, which is presented as follows.

⊗Si=
Σ G∗ij

n

⊗S=
Σ G∗ij

n

(4)

The grey weight score ⊗Si is converted to definite weight score Si as follows.

Si=
[
(1− λ) ∗ ⊗Si

]
+
[
λ ∗ ⊗Si

]
(5)

λ presents the grey coefficient for which its value is set as 0.5. Based on the decision
maker’s pessimistic and optimistic inputs, the value of the grey coefficient can be varied.

We checked the reliability and consistency of results obtained by GAHP by using
a consistency ratio (CR) to calculate pairwise matrices [67]. If the value of CR records
less than 0.1, this implies the acceptability of results; otherwise, the results of criteria and
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sub-criteria are considered unreliable, and the process of obtaining experts’ feedback must
be revised.

Table 2. Grey analytical hierarchy process scale.

Scale Linguistics Abbreviation Grey Numbers
1 Not Very Important NVI (1, 2)
3 Not Important NI (2, 4)
5 Undecided U (4, 6)
7 Important I (6, 8)
9 Very Important VI (8, 10)

3.4. Grey Numbers

Grey numbers are defined as the interval between known and unknown values, which
consist of an incomplete data system. The grey number is presented by symbol ⊗. Grey
numbers have various classes, and we used three classes in this study: lower bound, upper
bound, and internal grey numbers [68]. The definition of these three grey numbers is
as follows.

Class 1: A grey number is called a lower bound grey number if it is only evaluated by
its lower bound and is presented by ⊗X = [ X , ∞).

Class 2: A grey number is called an upper bound grey number if it is only evaluated
by its upper bound and is denoted by ⊗X =

(
∞ , X

]
.

Class 3: A grey number is called an interval grey number if it is evaluated by both
lower and upper bound and is presented by ⊗X =

[
X , X

]
.

The function of arithmetic operations can be applied on two grey numbers with grey
values ⊗X =

[
X , X

]
and ⊗Y =

[
Y , Y

]
, which are presented in Equations (6)–(9).

⊗ X +⊗Y =
[

X + Y , X + Y
]

(6)

⊗ X−⊗Y = ⊗X + (−⊗ X) =
[

X−Y , X−Y
]

(7)

⊗ X×⊗Y =
[

Min
{

X Y, XY, XY, XY
}

, Max
{

X Y, X Y, X Y, XY
} ]

(8)

⊗X
⊗Y

= ⊗X× ⊗Y−1 =

[
Min

{
X
Y

,
X
Y

,
X
Y

,
X
Y

}
, Max

{
X
Y

,
X
Y

,
X
Y

,
X
Y

} ]
(9)

Equation (10) presents the length of the grey number ⊗X =
[

X , X
]
.

L(⊗X) = X− X (10)

If ⊗X =
[

X , X
]

and ⊗Y =
[

Y , Y
]

are two grey numbers, then the greyness degree
could be calculated between them by using Equation (11) [69]. In order to evaluate the
ranking of green technology strategies, grey number-based linguistic variables were used
in this study and are listed in Table 3:

P{⊗X ≤ ⊗Y} =
Max

{
0, L∗ −Max

(
0, X−Y

)}
L∗

(11)

where L∗ = L(⊗X) + L(⊗Y).

Table 3. Grey linguistic variables with grey numbers.

Linguistic Variables Abbreviation Grey Numbers
Worst WT (0.0, 0.2)
Worse WE (0.2, 0.4)

Medium MM (0.4, 0.6)
Better BR (0.6, 0.8)
Best BT (0.8, 1.0)
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3.5. Grey Group TOPSIS (G-TOPSIS) Method

Yoon and Hwang (1985) developed the widely adapted TOPSIS method, and it has
been used in various fields of study [70]. The method assesses n alternatives by using
m parameters. The benefit of this method is that it measures both the optimal positive
and negative solutions for the decision problem. Moreover, a positive optimal solution
indicates sustainable development and a negative optimal solution present a reduction in
environmental issues in this study. An optimal alternative is the one with the least distance
from the optimal positive solution and the highest distance from the optimal negative
solution. The primary purpose of integrating grey system theory with TOPSIS is to ensure
accurate assessment and remove ambiguity in expert’s feedback. The construction of the
Grey TOPSIS method comprises the following steps.

Step 1: Initially, this step involves the calculation of each criteria weight as per experts’
feedback determined by using the grey linguistic variables presented in Table 3. Assuming
that d is the number of decision makers, we can compute criterion g weight of alternatives
using Equation (12).

⊗ Sg =
1
d

[
⊗w1

g +⊗w2
g + · · ·+⊗wd

g

]
(12)

Stage 2: To determine all alternatives’ position in each of the criteria, grey linguistic
variables are used. If d represents the number of decision makers in criterion j, then the
value of alternative i is determined as follows.

⊗ Gij =
1
d

[
⊗G1

ij +⊗G2
ij + · · ·+⊗Gd

ij

]
(13)

Stage 3: This step involves the grey decision matrix and is represented by the follow-
ing equation.

F =


⊗G11 ⊗G12 . . . ⊗G1n
⊗G21 ⊗G22 . . . ⊗G2n

...
...

...
...

⊗Gm1 ⊗Gm2 . . . ⊗Gmn

 (14)

Here, ⊗Gij presents the significance of the alternative i in criterion j.
Step 4: In this stage, the matrix of grey decision is normalized and denoted by F∗

in Equation (15).

F∗ =


⊗G11

∗ ⊗G12
∗ . . . ⊗G1n

∗

⊗G21
∗ ⊗G22

∗ . . . ⊗G2n
∗

...
...

...
...

⊗Gm1
∗ ⊗Gm2

∗ . . . ⊗Gmn
∗

 (15)

If the criteria increase benefit attributes, then Equation (16) is utilized for normalization
as follows.

G∗ ij =

[
G ij

Gmax
j

,
Gij

Gmax
j

]
Where Gmax

j = max1≤j≤m
{

Gij
}

(16)

If the criteria reduce cost attributes, then the following equation is used for normalization.

G∗ ij =

[
Gmin

j

Gij
,

Gmin
j

G ij

]
Where Gmin

j = min1≤j≤m

{
G ij

}
(17)

The values of the grey matrix would be within the range of [0, 1] after the normalization
process.



Sustainability 2022, 14, 258 15 of 30

Stage 5: This step involves constructing a grey-weighted normalized decision matrix
denoted by letter W and is presented in the equation below.

W =


⊗w11 ⊗w12 . . . ⊗w1n
⊗w21 ⊗w22 . . . ⊗w2n

...
...

...
...

⊗wm1 ⊗wm2 . . . ⊗wmn

Where ⊗ wij = ⊗G∗ij ×⊗sj (18)

Step 6: The optimal positive and negative solutions for the decision problem can be
calculated by Equations (19) and (20).

Smax =
{[

max1≤j≤m w i1, max1≤j≤m w i1
]
,
[
max1≤j≤m w i2, max1≤j≤m w i2

]
, . . . ,

[
max1≤j≤m w in, max1≤j≤m w in

]}
(19)

Smin =
{[

min1≤j≤m w i1, min1≤j≤m w i1
]
,
[
min1≤j≤m w i2, min1≤j≤m w i2

]
, . . . ,

[
min1≤j≤m w in, min1≤j≤m w in

]}
(20)

Step 7: The calculation formula of greyness degree between optimal and alternative
solutions is presented in Equation (21).

P{Si ≤ Smax} = 1
n

n

∑
j=1

P
{
⊗wij ≤ ⊗Gmax

j

}
(21)

Step 8: According to values obtained in step 7, the alternatives are then set in ascending
sequence according to the values obtained in stage 7, which implies that higher priority is
provided to the alternative with a minimum greyness degree coefficient.

4. Results and Discussion

The results of this study are divided into two sections. The first section of the results
presents SWOT-GAHP in which SWOT main factors and sub-factors of green technologies
are analyzed and ranked as per relative importance given to them by experts. In the second
section of the results, GTOPIS is employed to prioritize green technology strategies and
provides an optimal solution for decision makers towards sustainable development.

4.1. GAHP Results

In the first section of our analysis, we used a GAHP technique based on a pairwise
comparison matrix of SWOT main factors and sub-factors for green technology develop-
ment in Pakistan. The hierarchical structure based on SWOT’s four main and twenty-two
sub-factors has been drawn in Figure 5. The results of GAHP are divided into three parts.
The first part presents the goal that is achieved in this study; the ranking of SWOT factors
and sub-factors of green technology based on weights calculation by pairwise comparison
matrix is presented in the second part; finally, the third part represents the overall ranking
of all sub-factors of SWOT that has been performed by using GAHP, respectively.

4.2. Ranking of SWOT Factors

The relative weights of SWOT factors and sub-factors received by solving grey pairwise
matrix ranking is presented in Figure 6.

It can be observed that Strengths (S) have received the highest weight of 0.35932
followed by Opportunities (O) 0.2725, Threats 0.21737, and Weaknesses 0.15081, respectively.
The ranking of SWOT major factors obtained by GAHP reveals that strength strategy
recorded the essential Weaknesses, Opportunities, and Threats strategies. Hence, we can
say that all major SWOT strategies are important in decision making. Nonetheless, the
Strength factor plays a vital role in green technology development in this country context.



Sustainability 2022, 14, 258 16 of 30

4.2.1. Ranking of Strength Sub-Factors

Once we received SWOT main factor weights, we now quantify how each SWOT
sub-factor affects each GT strategy. In order to perform this, we have constructed twenty-
two pairwise comparison matrices, one for each category of factor. Next, experts were
asked to compare sub-factors under each SWOT category. The weights of sub-factor under
each SWOT category are calculated by solving these matrices and presented in Figure 7.
It should be noted that any SWOT sub-factor receiving higher weight shall be considered
more affected for the sustainable investment for green technology in Pakistan. Hence, the
lower the weights, the less effective the rankings of the SWOT sub-factors.

Under the SWOT strengths category, weights obtained by sub-factors (from higher
to lower) are as follows: Enhanced productivity in the agriculture sector (S1) obtained
the highest weight score of 0.2629 and recorded that the most prioritized sub-factor of
SWOT is in Figure 7. Pakistan is an agricultural country. The agriculture sector employs
more than 50% of the population and serves as the economy’s backbone. Based on the
literature and the study analysis, we find that green technology enhances resource pro-
ductivity and improves environmental quality (Cheng, Awan, Ahmad, and Tan, 2021);
thus, green technology investment is a method for the Pakistan government to support its
agricultural productivity.
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The high potential of renewable energy resources (S2) and the availability of foreign
investors (S4) come in the second and third positions by obtaining the weight of 0.2208 and
0.2095 within the category. The province of Pakistan has excellent and varying potential for
renewable energy, e.g., Sindh for solar energy, KPK for water and wind, and Punjab for
solar, wind, and water [71]. All these factors are a means to achieve strength for the country
by exploiting green technology. However, it requires a sufficient level of government
involvement in the process, and it demands good policy in this area [52]. The favorable
choice for sustainable development goals (S5) and country commitment to comply with
international laws (S3) recorded the least influencing SWOT sub-factors within the category
by receiving weights of 0.1693 and 0.1375, respectively. Green tech-investment includes
machinery (electric car), infrastructure, and electricity generation for this technology. The
world climate leader has been placing a great deal of pressure on every economy in order
to protect the ecosystem and increase green innovation [72]. There are many international
laws, such as the Paris agreement, that demand a country’s environmental commitments.
Investment in green technology can serve the purpose and help comply with and fulfill the
organization’s environmental protection responsibility [73]. Green technology is a method
for attracting foreign investors to the country, which will help stabilize the economy and
help the country achieve SDGs.

4.2.2. Ranking of Weaknesses Sub-Factors

There are potential weaknesses that must be addressed in order to take the best
advantage of GT in Pakistan. The ranking of weakness sub-factors under the GAHP
method can be observed in Figure 7. It is revealed that bad governance and high corruption
(W2) are the top prioritized concern and have obtained the highest weight score of 0.3919.
According to the world governance scale, Pakistan could not obtain a good score, and
corruption is one primary reason.

The weakness sub-factor Political instability and economic downfall is the second
most influencing concern by gaining the weight score of 0.2450 for strategic investment
planning on GT in Pakistan. Political shifts and government effectiveness are reasons
behind fluctuating Pakistani economy over the years. In the presence of all the mentioned
factors, it will be hard for Pakistan to exploit the best GT in the country.

Lack of coordination and collaboration between institutions (W1) has been considered
the moderate influencing sub-factor, coming in at the third position within the SWOT
weaknesses category by obtaining a weight score of 0.2129. There are colossal communi-
cation and coordination gaps among various institutions in Pakistan if Pakistan wants to
transition from traditional technology to green technology, which requires policies and
collaboration and coordination between various institutions.

Lack of funding for research and development (W3) was prioritized as the least
influencing sub-factor within the same category by receiving the lowest weight score of
0.1502. A government’s expenditure on research and development depicts its commitment
to increase technology, innovation, and development [7]. Unfortunately, the smallest part
of the Pakistani budget has been allocated to R&D in the country. The SWOT sub-factor
findings for green technology strategies imply that the government of Pakistan should take
serious steps to allocate the budget for R&D in order to develop sustainability.

4.2.3. Ranking of Opportunities Sub-Factors

We have discovered many potential opportunities for Pakistan in the domain of GT
investment. The ranking of SWOT opportunities sub-factors is presented in Figure 7. It
revealed that green technologies in society and policy initiatives at the national level (O2)
are recorded as the most critical sub-factors by receiving the highest weight of 0.3051 within
the category. The conventional sources of energy production have severely affected the
environment, and now society demands alternative methods. Green sources of production
are means to achieve sustainable goals.
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The sub-factor job creates opportunities and economic stability (O6) and the opportu-
nity to build a positive image (O3) come in second and third positions, posessing a weight
score of 0.17721 and 0.16321 within SWOT opportunities category. Green growth will open
many new jobs needed to understand and operate green technology in different sectors. In
addition, the adoption of green technology presents an opportunity for Pakistan’s govern-
ment to invite green investment, and investors can build a positive image of the country at
the national and international levels.

It is evident from GAHP analysis that the increase in the awareness of climate change
(O1) is an opportunity for investors to obtain returns (O4) by obtaining the weight score
of 0.14656 and 0.12677. Furthermore, due to people’s growing concern at national and
international levels, they become aware of environmental issues and show their sensitivity
toward environmental sustainability (Bakaki et al., 2020) (Wang, 2020) [74,75]. Therefore,
there is an opportunity for a national and global investors to obtain the best possible
investment return in green technology. Finally, decreasing the cost of green technologies
(O5) was recorded as the least influencing indicator among six opportunities sub-factors by
receiving a weight of 0.08115. In summary, the opportunity awareness of green technologies
in society and policy initiatives at the national level (O2) is looked at as the most promising
opportunity by experts.

4.2.4. Ranking of Threats Sub-Factors

Under the SWOT Threats category, the ranking of sub-factors is presented in Figure 7.
There are many threats in the transition from a traditional Pakistan economy to a green
economy. Less foreign investment due to terrorism and security issues (T4) came in at
the first position by obtaining the highest weight score of 0.3950. Pakistan is one of the
countries in Asia that have been affected by terrorism, making it hard to attract foreign
investment. Therefore, it imposes a great deal of threat on foreign investment [76].

Moreover, low financial support for green energy due to economic downturn (T1)
and increase in population, internal migration from rural to an urban area, and unplanned
urbanization (T2) obtained the highest weight of 0.1362 and 0.1162 after T4. The economic
situation of Pakistan is facing fluctuation over the years for many reasons. When the
government regulation system does not work efficiently during economic downturns,
authorities tend to cut the extra cost of green energy. However, an uncontrolled in-
crease in the population and low literacy rate or education opportunities make it hard
for a society or community to realize the importance of addressing the grassroot level
environmental challenges [77].

Threats T3 and T7, unstable profitability due to regulation changes, and the expensive
transition from conventional to green technology, have been considered moderate threats
by receiving weights of 0.1001 and 0.0999, respectively. Pakistan is a developing country.
The transition from conational technology to green ones requires substantial investment in
the area, which will be a threat if a country is facing economic constraints.

Within the threat category, the dominance of conventional technologies, i.e., fossil
fuels for energy generation (T5) and fear of natural hazards or disasters (T6), is recorded to
influence sub-factors for green technology investment by receiving the weight of 0.0841
and 0.0685. Pakistan has vast gas and coal reserves rather than efficient green sources; the
economy depends on fossil fuels and traditional technology to produce energy in different
sectors across the country [78]. Moreover, Pakistan, similarly to other developing countries,
is vulnerable to natural hazards such as earthquakes and floods. Such disasters affect the
and progress toward a green path and push the country back to plan and start over again
in those regions.

4.2.5. Overall Ranking of SWOT Sub-Factors

This section represents overall ranking results of all twenty-two SWOT sub-factors
altogether, irrespective of their categories such as Strengths (S), Weaknesses (W), Oppor-
tunities (O), and Threats (T), which can be observed in Figure 8. In order to analyze the
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final ranking, weights of sub-factors of SWOT under each category of the main factor are
multiplied with that weight. Finally, each sub-factor weight is summed to obtain cumula-
tive weight, which is the basis of the final ranking presented in Table 4. The final ranking
of sub-factors for green technology strategy bodies to develop sustainability is as follows:
S1 > T4 > O5 > O3 > S4 > T5 > S3 > O1 > T6 > T1 > W2 > W3 > O6 > O2 > S5 > S2 > T7 > O4
> W4 > T3 > W1 > T2.

It is evident from our analysis that high productivity potential in the agriculture sector
(S1), less foreign investment due to terrorism and security issues (T4), decreasing the cost of
green technologies (O5), and the opportunity to build a positive image are key sub-factors
for green technology strategic planning.

Table 4. Final ranking of GT sub-factors for sustainable planning.

Main Attributes Main Criteria
Codes

Main Attribute
Weights

Sub-Attributes
Codes

Consistency Ratio
(CR)

Normalized
Weight

S1 0.08146463
S2 0.03023028
S3 0.05508253
S4 0.06500217

Strengths S 0.35932

S5

0.0073

0.03086326
W1 0.01391418
W2 0.04323837
W3 0.04070667Weakness W 0.15081

W4

0.0001

0.01762218
O1 0.05339362
O2 0.03430073
O3 0.08347127
O4 0.01930932
O5 0.08714887

Opportunity O 0.2725

O6

0.0112

0.03995127
T1 0.04904463
T2 0.01267542
T3 0.01534383
T4 0.08821172
T5 0.06322895
T6 0.05334007

Threat T 0.21737

T7

0.0002

0.02671038
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4.3. Grey TOPSIS Results

This study attempts to provide SWOT strategies for GT investment in a single coun-
try context based on SWOT factors. First, we separately identified the Strength, Weak-
nesses, Opportunities, and Threats in green technology and prioritized the sub-factor
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with the help of GAHP. As a second phase, we merged internal and external factors as
Strength–Opportunity, Weakness–Opportunity, Strength–Threat, and Weakness–threat.
Finally, we prioritized twenty-one green technology strategies by utilizing the GTOPIS ap-
proach. Strength–Opportunity (SO) strategies can help exploit opportunities with relevant
strengths when applied in specific circumstances.

In contrast, Weakness–Opportunity (WO) strategies are helpful to reduce or minimize
the impact of weakness by exploiting opportunities appropriately. Strength–Threat (ST)
strategies provide an opportunity to overcome possible threats by rightfully exploiting
strength. By exploiting Weakness–Threat (WT), opportunities represent minimizing the
weakness to avoid potential threats. SO, WO, ST, and WO strategic models for green
technology are presented in Figure 9.
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4.3.1. Strength—Opportunity (SO) Strategies

Under the SO strategy category, the following strategies are in Figure 10. The ranking
of SO strategies analyzed by using the GTOPSIS method is in Table 4. GTOPSIS offers
optimal positive and negative ideal solutions of alternatives. The final ranking of SWOT
strategies for green technology in Pakistan is based on greyness, which implies that the
lower value of greyness degree tends towards the high priority of strategy and vice versa.
Plans and programs to promote green technology in the agriculture sector (SO1) are
ranked as the third most optimal strategy by receiving a weight of 0.3910599. Pakistan’s
government needs to formulate and implement policies to help the agriculture sector
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transition from traditional to green technologies. As Pakistan is an agrarian country blessed
with all types of natural resources, this edge must be utilized by attracting global investors
to invest in green technology across sectors. On the other hand, initiating a platform to
global investors with descriptions of investment plans in GT (SO2) appeared in the 15th
position with a weight of 0.596673.

Furthermore, promoting training programs for locals to improve patents in the local
GT industry (SO3) appeared the least essential strategy because it received a grey degree of
0.6164829, and providing government support to local industries to transit from traditional
to green technology (SO4) came in at the seventh position. The detailed description of con-
struction decision matrix and grey weighted decision matrix is provided in Tables 5 and 6.
The government must support the local tech market to improve their work in technology
and help local SMEs deploy GTs by lowering imports and other taxes on subsidies. GT
can enable conservation of the environment. Knowing the population while promoting
important green subjects in all educational fields will help to excel respective sectors of the
country and help the environment [79,80].
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Table 5. Decision matrix.

S1 S2 S3 S4 S5 W1 W2
SO1 (0.4,0.6) (0.2,0.4) (0.2,0.4) (0.4,0.6) (0.4,0.6) (0,0.2) (0.8,1.0)
SO2 (0.6,0.8) (0.8,1.0) (0.6,0.8) (0.8,1.0) (0.2,0.4) (0.6,0.8) (0,0.2)
SO3 (0.6,0.8) (0.6,0.8) (0.2,0.4) (0,0.2) (0.6,0.8) (0.8,1.0) (0,0.2)
SO4 (0.4,0.6) (0.2,0.4) (0.6,0.8) (0.6,0.8) (0.2,0.4) (0.8,1.0) (0.4,0.6)
WO1 (0.6,0.8) (0.6,0.8) (0.6,0.8) (0.2,0.4) (0.6,0.8) (0.2,0.4) (0.4,0.6)
WO2 (0.8,1.0) (0.4,0.6) (0,0.2) (0.8,1.0) (0.2,0.4) (0.8,1.0) (0,0.2)
WO3 (0.4,0.6) (0.2,0.4) (0,0.2) (0,0.2) (0.6,0.8) (0.0,0.2) (0.8,1.0)
WO4 (0.6,0.8) (0.2,0.4) 0.4,0.6) (0.6,0.8) (0.6,0.8) (0,0.2) (0.4,0.6)
ST1 (0.8,1.0) (0.8,1.0) (0.6,0.8) (0.2,0.4) (0.8,1.0) (0.2,0.4) (0.2,0.4)
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Table 5. Cont.

S1 S2 S3 S4 S5 W1 W2
ST2 (0.4,0.6) (0.2,0.4) (0.2,0.4) (0.6,0.8) (0.6,0.8) (0.6,0.8) (0.0,0.2)
ST3 (0.2,0.4) (0.6,0.8) (0.8,1.0) (0.2,0.4) (0.4,0.6) (0.4,0.6) (0.2,0.4)
ST4 (0,0.2) (0.2,0.4) (0.6,0.8) (0.8,1.0) (0.2,0.4) (0,0.2) (0.8,1.0)
ST5 (0.2,0.4) (0.4,0.6) (0.4,0.6) (0.8,1.0) (0.4,0.6) (0.8,1.0) (0.6,0.8)
WT1 (0,0.2) (0.4,0.6) (0,0.2) (0.2,0.4) (0.2,0.4) (0,0.2) (0.4,0.6)
WT2 (0.4,0.6) (0.2,0.4) (0.4,0.6) (0.8,1.0) (0.4,0.6) (0.8,1.0) (0.6,0.8)
WT3 (0.4,0.6) (0.6,0.8) (0.6,0.8) (0.4,0.6) (0.8,1.0) (0.2,0.4) (0.4,0.6)
WT4 (0.0,0.2) (0.4,0.6) (0.2,0.4) (0.8,1.0) (0.4,0.6) (0.6,0.8) (0.6,0.8)
WT5 (0.2,0.4) (0.0,0.2) (0.6,0.8) (0.2,0.4) (0.6,0.8) (0.2,0.4) (0.2,0.4)

W3 W4 O1 O2 O3 O4 O5
SO1 (0.4,0.6) (0.2,0.4) (0.2,0.4) (0.6,0.8) (0.8,1.0) (0.6,0.8) (0.4,0.6)
SO2 (0.2,0.4) 0.4,0.6) (0.8,1.0) (0,0.2) (0.2,0.4) (0.2,0.4) (0,0.2)
SO3 (0.4,0.6) (0.6,0.8) (0.4,0.6) (0.8,1.0) (0.2,0.4) (0.8,1.0) (0.2,0.4)
SO4 (0.6,0.8) (0,0.2) (0.6,0.8) (0,0.2) (0.4,0.6) (0.2,0.4) (0.8,1.0)
WO1 (0.2,0.4) (0.6,0.8) (0.2,0.4) (0.6,0.8) (0.6,0.8) (0.4,0.6) (0,0.2)
WO2 (0.4,0.6) (0.8,1.0) (0.4,0.6) (0.8,1.0) (0,0.2) (0.6,0.8) (0.2,0.4)
WO3 (0,0.2) (0,0.2) (0.2,0.4) (0.6,0.8) (0,0.2 (0.0,0.2) (0.4,0.6)
WO4 (0.2,0.4) (0.4,0.6) (0.2,0.4) (0.4,0.6) (0.4,0.6) (0.4,0.6) (0.2,0.4)
ST1 (0.4,0.6) (0.2,0.4) (0.8,1.0) (0.8,1.0) (0.6,0.8) (0.2,0.4) (0.2,0.4)
ST2 (0.8,1.0) (0.6,0.8) (0.6,0.8) (0.6,0.8) (0.8,1.0) (0.4,0.6) (0.8,1.0)
ST3 (0.2,0.4) (0.4,0.6) (0.4,0.6) (0.2,0.4) (0.4,0.6) (0.2,0.4) (0.2,0.4)
ST4 (0.4,0.6) 0.4,0.6) (0.2,0.4) (0.6,0.8) (0.2,0.4) (0.8,1.0) (0.8,1.0)
ST5 (0.6,0.8) (0,0.2) (0.4,0.6) (0.2,0.4) (0.4,0.6) (0.2,0.4) (0,0.2)
WT1 (0,0.2) (0.2,0.4) (0.2,0.4) (0.6,0.8) (0,0.2) (0.6,0.8) (0.6,0.8)
WT2 (0.2,0.4) (0.4,0.6) (0.6,0.8) (0.2,0.4) (0.4,0.6) (0.4,0.6) (0.2,0.4)
WT3 (0.6,0.8) (0,0.2) (0.4,0.6) (0.4,0.6) (0.2,0.4) (0.4,0.6) (0.4,0.6)
WT4 (0.8,1.0) (0,0.2 (0,0.2) (0,0.2) (0,0.2) (0.2,0.4) (0.6,0.8)
WT5 (0.4,0.6) (0.8,1.0) (0.8,1.0) (0.6,0.8) (0.8,1.0) (0.4,0.6) (0.2,0.4)

O6 T1 T2 T3 T4 T5 T6 T7
SO1 (0.2,0.4) (0.6,0.8) (0.4,0.6) (0.8,1.0) (0.2,0.4) (0.6,0.8) (0.0,0.2) (0.6,0.8)
SO2 (0.4,0.6) (0.8,1.0) (0.4,0.6) (0,0.2) (0.2,0.4) (0.2,0.4) (0.6,0.8) (0.8,1.0)
SO3 (0.8,1.0) (0.4,0.6) (0,0.2) (0.6,0.8) (0.4,0.6) (0.8,1.0) (0.2,0.4) (0.4,0.6)
SO4 (0.4,0.6) (0.8,1.0) (0.8,1.0) (0.6,0.8) (0.6,0.8) (0,0.2) (0.2,0.4) (0.6,0.8)
WO1 (0.6,0.8) (0.4,0.6) (0.6,0.8) (0.4,0.6) (0,0.2) (0.6,0.8) (0.6,0.8) (0.8,1.0)
WO2 (0.4,0.6) (0.2,0.4) (0,0.2) (0.6,0.8) (0.2,0.4) (0.4,0.6) (0.4,0.6) (0.4,0.6)
WO3 (0.6,0.8) (0.2,0.4) (0.2,0.4) (0.8,1.0) (0.6,0.8) (0.8,1.0) (0.6,0.8) (0.6,0.8)
WO4 (0.2,0.4) (0.8,1.0) (0.4,0.6) (0.6,0.8) (0.8,1.0) (0.2,0.4) 0.4,0.6) (0.2,0.4)
ST1 0.4,0.6) (0.6,0.8) (0.2,0.4) (0.4,0.6) (0.2,0.4) (0.2,0.4) (0.2,0.4) (0.6,0.8)
ST2 (0.2,0.4) (0.8,1.0) (0.4,0.6) (0,0.2 (0.8,1.0) (0.8,1.0) (0.2,0.4) (0.0,0.2)
ST3 (0.8,1.0) (0.8,1.0) (0,0.2) (0.8,1.0) (0.6,0.8) (0.4,0.6) (0.8,1.0) (0.6,0.8)
ST4 (0.6,0.8) (0.6,0.8) (0.8,1.0) 0.4,0.6) (0.4,0.6) (0.8,1.0) (0.8,1.0) (0,0.2)
ST5 (0.4,0.6) (0,0.2) (0.4,0.6) (0,0.2) (0.6,0.8) (0.6,0.8) (0.2,0.4) (0.2,0.4)
WT1 (0.2,0.4) (0.2,0.4) (0.6,0.8) (0.4,0.6) (0.8,1.0) (0.8,1.0) (0.8,1.0) (0.6,0.8)
WT2 (0.6,0.8) (0,0.2) (0.8,1.0) (0.6,0.8) (0.2,0.4) (0.8,1.0) (0.4,0.6) (0.2,0.4)
WT3 (0.8,1.0) (0.4,0.6) (0.4,0.6) (0.4,0.6) (0.6,0.8) (0,0.2 (0.6,0.8) (0,0.2)
WT4 (0.2,0.4) (0.8,1.0) (0.2,0.4) (0,0.2) (0.4,0.6) (0.4,0.6) (0.6,0.8) (0.4,0.6)
WT5 (0.6,0.8) (0.2,0.4) (0.4,0.6) (0.6,0.8) (0.0,0.2) (0.6,0.8) (0.2,0.4) (0.2,0.4)

Table 6. Grey weighted decisionm matrix.

S1 S2 S3 S4 S5 W1 W2
SO1 (0.03,0.045) (0.021,0.037) (0.024,0.03) (0.017,0.033) (0.067,0.077) (0.029,0.046) (0.046,0.063)
SO2 (0.042,0.062) (0.029,0.045) (0.027,0.059) (0.022,0.033) (0.036,0.053) (0.056,0.07) (0.056,0.07)
SO3 (0.037,0.052) (0.022,0.045) (0.03,0.044) (0.016,0.026) (0.05,0.067) (0.046,0.063) (0.05,0.067)
SO4 (0.034,0.069) (0.034,0.056) (0.024,0.032) (0.018,0.022) (0.039,0.056) (0.053,0.07) (0.036,0.07)
WO1 (0.045,0.069) (0.029,0.045) (0.023,0.044) (0.021,0.03) (0.043,0.06) (0.033,0.067) (0.06,0.074)
WO2 (0.034,0.045) (0.023,0.05) (0.029,0.04) (0.02,0.028) (0.056,0.074) (0.033,0.05) (0.029,0.046)
WO3 (0.054,0.079) (0.029,0.045) (0.035,0.053) (0.024,0.036) (0.039,0.056) (0.029,0.046) (0.056,0.074)
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Table 6. Cont.

S1 S2 S3 S4 S5 W1 W2
WO4 (0.035,0.048) (0.023,0.031) (0.035,0.053) (0.018,0.024) (0.039,0.074) (0.043,0.074) (0.043,0.06)
ST1 (0.048,0.077) (0.027,0.04) (0.032,0.048) (0.018,0.036) (0.036,0.07) (0.046,0.063) (0.039,0.074)
ST2 (0.032,0.04) (0.034,0.056) (0.024,0.032) (0.024,0.036) (0.05,0.067) (0.036,0.053) (0.046,0.063)
ST3 (0.034,0.04) (0.029,0.049) (0.032,0.048) (0.018,0.022) (0.043,0.074) (0.043,0.077) (0.053,0.07)
ST4 (0.04,0.057) (0.038,0.045) (044,0.077) (0.028,0.046) (0.033,0.05) (0.046,0.063) (0.033,0.067)
ST5 (0.045,0.069) (0.034,0.056) (0.029,0.067) (0.036,0.077) (0.029,0.046) (0.026,0.06) (0.039,0.056)
WT1 (0.042,0.065) (0.250,0.070) (0.055,0.075) (0.060,0.018] (0.025,0.045) (0.055,0.35) (0.065,0.025)
WT2 (0.035,0.52) (0.020,0.080) (0.052,0.015) (0.015,0.065) (0.047,0.061) (0.040,0.034) (0.017,0.075)
WT3 (0.025,0.043) (0.015,0.039) (0.070,0.019) (0.032,0.057) (0.027,0.066) (0.060,0.080) (0.035,0.055)
WT4 (0.025,0.045) (0.010,0.030) (0.075,0.095) (0.020,0.040) (0.025,0.047) (0.058,0.080) (0.030,0.070)
WT5 (0.016,0.080) (0.040,0.060) (0.012,0.040) (0.035,0.070) (0.045,0.25) (0.040,0.016) (0.075,0.015)

W3 W4 O1 O2 O3 O4 O5
SO1 (0.014,0.024) (0.011,0.043) (0.035,0.048) (0.021,0.04) (0.051,0.063) (0.053,0.07) (0.09,0.067)
SO2 (0.009,0.021) (0.028,0.035) (0.042,0.062) (0.023,0.031) (0.049,0.07) (0.06,0.074) (0.046,0.063)
SO3 (0.61,0.024) (0.047,0.031) (0.032,0.042) (0.026,0.037) (0.015,0.047) (0.067,0.059) (0.054,0.07)
SO4 (0.021,0.063) (0.027,0.05) (0.048,0.062) (0.024,0.034) (0.059,0.17) (0.043,0.06) (0.05,0.067)
WO1 (0.019,0.045) (0.074,0.071) (0.04,0.057) (0.08,0.045) (0.063,0.019) (0.16,0.064) (0.039,0.056)
WO2 (0.015,0.029) (0.028,0.055) (0.24,0.087) (0.052,0.045) (0.033,0.063) (0.06,0.074) (0.046,0.063)
WO3 (0.041,0.024) (0.061,0.043) (0.43,0.043) (0.049,0.024) (0.039,0.074) (0.033,0.067) (0.039,0.06)
WO4 (0.029,0.045) (0.03,0.061) (0.03,0.057) (0.043,0.05) (0.043,0.061) (0.076,0.053) (0.056,0.074)
ST1 (015,0.029) (0.027,0.05) (0.041,0.057) (0.021,0.027) (0.013,0.652) (0.044,0.08) (0.05,0.076)
ST2 (0.072,0.019) (0.04,0.061) (0.03, 0270) (0.041,0.05) (0.45,0.0631) (0.032,0.063) (0.043,0.74)
ST3 (0.034,0.074) (0.033,0.046) (0.037,0.052) (0.12,0.024) (0.016,0.071) (0.064,0.074) (0.063,0.074)
ST4 (0.019,0.045) (0.046,0.077) (0.042,0.062) (0.023,0.031) (0.033,0.067) (0.066,0.043) (0.043,0.06)
ST5 (0.039,0.045) (0.012,0.046) (0.035,0.077) (0.047,0.04) (0.022,0.039) (0.08,0.046) (0.029,0.046)
WT1 (0.014,0.044) (0.021,0.049) (0.023,0.061) (0.045,0.08) (0.021,0.063) (0.021,0.063) (0.022,0.084)
WT2 (0.029,0.045) (0.038,0.052) (0.009,0.021) (0.026,0.057) (0.014,0.024) (0.015,0.029) (0.01,0.014)
WT3 (0.047,0.025) (0.024,0.052) (0.023,0.063) (0.035,0.051) (0.034,0.074) (0.063,0.021) (0.055,0.011)
WT4 (0.032,0.045) (0.035,0.063) (0.039,0.045) (0.041,0.057) (0.019,0.045) (0.067,0.035) (0.015,0.029)
WT5 (0.077,0.035) (0.027,0.055) (0.011,0.017) (0.038,0.054) (0.018,0.044) (0.019,0.045) (0.019,0.045)

O6 T1 T2 T3 T4 T5 T6 T7
SO1 (0.019,0.045) (0.012,0.045) (0.032,0.046) (0.032, 0.06) (0.022,0.019) (0.024,0.013) (0.017,0.065) (0.015,0.059)
SO2 (0.014,0.024) (0.009,0.013) (0.027,0.055) (0.035,0.049) (0.013,0.021) (0.017,0.035) (0.025,0.043) (0.017,0.035)
SO3 (0.045,0.029) (0.022,0.019) (0.046,0.06) (0.049,0.063) (0.017,0.035) (0.015,0.029) (0.069,0.045) (0.032,0.049)
SO4 (0.031,0.063) (0.019,0.045) (0.035,0.063) (0.046,0.06) (0.019,0.045) (0.039,0.085) (0.013,0.023) (0.081,0.063)
WO1 (0.0173,0.021) (0.019,0.053) (0.032,0.06) (0.021,0.049) (0.021,0.063) (0.061,0.023) (0.047,0.025) (0.014,0.044)
WO2 (0.015,0.029) (0.025,0.049) (0.062,0.046) (0.043,0.057) (0.014,0.024) (0.014,0.024) (0.019,0.045) (0.012,0.045)
WO3 (0.055,0.063) (0.039,0.055) (0.053,0.036) (0.029,0.043) (0.61,0.015) (0.008,0.015) (0.021,0.063) (0.023,0.011)
WO4 (0.077,0.035) (0.021,0.063) (0.049,0.063) (0.013,0.027) (0.012,0.079) (0.012,0.019) (0.014,0.024) (0.052,0.019)
ST1 (0.089,0.015) (0.013,0.021) (0.012,0.046) (0.046,0.06) (0.053,0.021) (0.021,0.063) (0.063,0.021) (0.078,0.011)
ST2 (0.015,0.029) (0.019,0.045) (0.027,0.055) (0.035,0.049) (0.029,0.045) (0.015,0.029) (0.073,0.021) (0.61,0.024)
ST3 (0.046,0.06) (0.029,0.06) (0.013,0.063) (0.014,0.024) (0.069,0.045) (0.012,0.045) (0.032,0.06) (0.046,0.06)
ST4 (0.021,0.063) (0.073,0.021) (0.012,0.045) (0.013,0.021) (0.032,0.046) (0.032,0.06) (0.013,0.021) (0.021,0.063)
ST5 (0.019,0.045) (0.085,0.029) (0.021,0.063) (0.012,0.019) (0.049,0.063) (0.046,0.06) (0.019,0.045) (0.012,0.045)
WT1 (0.013,0.021) (0.091,0.015) (0.009,0.013) (0.009,0.013) (0.046,0.06) (0.021,0.049) (0.021,0.063) (0.013,0.063)
WT2 (0.014,0.024) (0.075,0.029) (0.015,0.029) (0.015,0.029) (0.056,0.061) (0.029,0.043) (0.024,0.044) (0.014,0.024)
WT3 (0.01,0.095) (0.11,0.029) (0.07,0.029) (0.012,0.045) (0.027,0.055) (0.035,0.049) (0.039,0.045) (0.015,0.029)
WT4 (0.012,0.019) (0.035,0.049) (0.043,0.057) (0.007,0.042) (0.012,0.019) (0.71,0.024) (0.015,0.052) (0.019,0.045)
WT5 (0.062,0.029) (0.027,0.041) (0.035,0.049) (0.019,0.045) (0.015,0.029) (0.013,0.021) (0.014,0.024) (0.012,0.079)

4.3.2. Strength—Threat’s Strategies

Although Pakistan has excellent potential for renewables across this process, poverty,
lack of budget, corruption, and poor policy implementation make it hard to exploit green
strengths. Under the ST strategy category, the following strategies have been formed and
shown in Figure 10. Allocating sufficient budget at the provincial level to exploit renewable
technology with relevant green source (ST1) received 0.5886639 degrees of dryness. It stood
at the fourteen positions among twenty-two green technology strategies. On the other
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hand, trying to monitor and control population growth with appropriate national plans
(ST2) and increase environmental awareness among locals by using media or local sources
(ST3) obtained 0.742203 and 0.5753286 weights, as shown in Figure 11.

Sustainability 2022, 14, x FOR PEER REVIEW 26 of 32 
 

4.3.2. Strength—Threat’s Strategies 

Although Pakistan has excellent potential for renewables across this process, 

poverty, lack of budget, corruption, and poor policy implementation make it hard to exploit 

green strengths. Under the ST strategy category, the following strategies have been formed 

and shown in Figure 10. Allocating sufficient budget at the provincial level to exploit 

renewable technology with relevant green source (ST1) received 0.5886639 degrees of 

dryness. It stood at the fourteen positions among twenty-two green technology strategies. 

On the other hand, trying to monitor and control population growth with appropriate 

national plans (ST2) and increase environmental awareness among locals by using media or 

local sources (ST3) obtained 0.742203 and 0.5753286 weights, as shown in Figure 11. 

 

Figure 11. Final ranking of green technology strategies. 

Designing appropriate disaster plans, management, and programs can be considered 

to cope with uncertain challenges in the future (ST4) and promoting green sources of energy 

over traditional sources by installing green energy projects in this country (ST5) are 

recorded as the top five most crucial green technology strategies for sustainable investment 

and they obtained a degree of greyness at 0.431739 and 0.4455792, respectively. While 

raising awareness in locals with media help, authorities must allocate sufficient budget to 

each province according to their renewable potential and make proper plans to execute 

green technology strategies. In this manner, the country would be able to reduce fossil 

fuels’ dependence by deploying more green resources and technology for energy 

production. 

4.3.3. Weakness—Opportunity Strategies 

Under the WO strategy category, the following strategies have been developed and 

are presented in Figure 7. Fewer taxes and duties on importing green technology and 

lenient rules for local business transition (WO3) is considered the second most favorable 

strategy in SWOT strategies by obtaining a grey degree of 0.3802788. In contrast, public 

funds or donations for promoting green technology at local SMEs (WO1), strict laws for 

prohibiting the deployment of conventional technologies in large industrial sectors 

(WO2), and joint projects of various institutions on green technology investment (WO4) 

are recorded as moderately favorable strategies in SWOT green technology strategies 

paradigm by obtaining grey degrees of 0.5387283, 0.6135426, and 0.5263137, respectively. 

Local businesses need funds and support to utilize green technology for maximum 

efficiency. In order to overcome funding issues, the government must look up FDI 

(Foreign Direct Investment) options to invest in local SMEs (Small Medium Enterprises) 

and look for options for collaboration in SMEs to promote green technology. 

  

Figure 11. Final ranking of green technology strategies.

Designing appropriate disaster plans, management, and programs can be considered
to cope with uncertain challenges in the future (ST4) and promoting green sources of
energy over traditional sources by installing green energy projects in this country (ST5) are
recorded as the top five most crucial green technology strategies for sustainable investment
and they obtained a degree of greyness at 0.431739 and 0.4455792, respectively. While
raising awareness in locals with media help, authorities must allocate sufficient budget to
each province according to their renewable potential and make proper plans to execute
green technology strategies. In this manner, the country would be able to reduce fossil fuels’
dependence by deploying more green resources and technology for energy production.

4.3.3. Weakness—Opportunity Strategies

Under the WO strategy category, the following strategies have been developed and
are presented in Figure 7. Fewer taxes and duties on importing green technology and
lenient rules for local business transition (WO3) is considered the second most favorable
strategy in SWOT strategies by obtaining a grey degree of 0.3802788. In contrast, public
funds or donations for promoting green technology at local SMEs (WO1), strict laws
for prohibiting the deployment of conventional technologies in large industrial sectors
(WO2), and joint projects of various institutions on green technology investment (WO4) are
recorded as moderately favorable strategies in SWOT green technology strategies paradigm
by obtaining grey degrees of 0.5387283, 0.6135426, and 0.5263137, respectively. Local
businesses need funds and support to utilize green technology for maximum efficiency.
In order to overcome funding issues, the government must look up FDI (Foreign Direct
Investment) options to invest in local SMEs (Small Medium Enterprises) and look for
options for collaboration in SMEs to promote green technology.

4.3.4. Weakness—Threat Strategies

Figure 11 presents WO strategies for green technology. Improving the security situ-
ation in the country to attract FDI in green technology (WT4) is recorded as the topmost
strategy by obtaining a greyness degree of 0.3694977, followed by overcoming governance
issues and working on green governance (WT2), promoting institution cohesiveness and
collaboration to bring about green revolution (WT1), policies and guidelines to fund and
support green transition (WT5), and substantial R&D funding to improve green patents
and other support programs (WT3). The value of greyness degree is listed in Figure 11.

Pakistan has fought the war against terrorism for almost 20 years now, which has
affected its economy, infrastructure, and FDI [81]. Poor governance, unawareness, and
corruption worsened the situation. With poor security systems and a lack of support from
authorities and locals, foreign investors were pushed back by the fear of terrorism [82].
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Since 2015, the situation is improving with each passing month, but the economy has
been shattered. Pakistan has improved the security situation and opened the door for FDI;
despite substantial efforts, the desired outcome has not yet been achieved. Corruption,
poverty, infrastructure, and security are all factors that are interlinked. Institutions need to
work together to overcome the damage caused by terrorism in Pakistan.

Pakistan has had acute corruption and governance issues in the country for years.
To promote GT at the national level in order to overcome environmental challenges, the
government must encourage cohesiveness and collaboration among various institutions.
Policies and plans must be established to improve security conditions to attract FDI in the
country. Lastly, the government must allocate a sufficient budget for R&D.

5. Conclusions and Policy Implications

This study is the first to develop and assess GT strategies for sustainable development
by using integrated SWOT-grey AHP and grey TOPSIS approach. To perform this, we
combined SWOT internal and external factors such as Strength–Opportunity, Weakness–
Opportunity, Strength–Threat, and Weakness–threat and prioritized twenty-one green
technology strategies. We explored twenty-two sub-factors of green technology under four
categories of SWOT main factors: Strengths, Weaknesses, Opportunities, and Threats and
twenty-two sub-factors and determined their weights by using a novel GAHP method
based on their relative importance. The results reveal that Strengths (S) and Opportunities
(O) are the most critical SWOT factors with the highest score of 0.35932 and 0.2725 for
initiating the green technology program in Pakistan. On the other hand, high productivity
potential in the agriculture sector (S1), less foreign investment due to terrorism and security
issues (T4), decreasing the cost of GTs (O5), and the opportunity to build a positive image
are vital SWOT sub-factors of GT strategic planning in this developing country context.

The outcomes of this study provide a pathway to appropriate strategies for imple-
menting GT in a developing county context, which include strength opportunity (SO) and
strength threat (ST). ST strategies include allocating budget for creating awareness on
how to take advantage of renewable energy resources and develop appropriate alternate
strategies for switching from conventional energy resources to green energy resources.
SO includes developing and deploying investment plans to facilitate GTs and training
programs on sourcing and implementing technologies for energy generation with the
public sector’s support for small and medium enterprises. These combined results are span
boundaries, enabling policy, practitioners, and future scholarly studies. Improving security
situation in the country to attract FDI in green technology (WT4), fewer taxes and duties
on import of green technology and lenient rules for local business in transition (WO3),
and plans and programs to promote green technology in the agriculture sector (SO1) are
considered the most promising strategies for green technology and green finance planning
in Pakistan.

The research summarized in this study aims to provide three significant contributions
to the GT literature. First, the literature lacks understanding as to the collective factors of
GT implementations and how they enhance strategic decision making to leverage resources
to exploit opportunities to achieve sustainable development objectives. While previous
literature has examined the establishment of evaluation index weight of GT innovation in
the manufacturing industry, little to no research has identified the key opportunities and
threats in implementing the GT planning process. Second, previous researchers suggested
that possible identification barriers in GT adoption and transformation are necessary to
develop a policy framework for overcoming impediments to facilitate decision making.
Our study narrows the gap between the strategic planning and implementation process
by providing policymakers with pathways to address impediments in implementing GT
initiatives successfully. Third, a fundamental challenge to the organization is a lack of
understanding of potential GT adoption opportunities and transformation in organizations.
This study is the first study to develop an integrated framework for GT planning in a
developing country context.
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We have various contributions and new insights regarding GT initiatives in developing
countries for achieving the Sustainable Development Goals (SDGs). The results of this study
have far-reaching policy implications at national and regional levels as a modeling tool
enabling decision making and progress toward global goals of sustainable development.
This study fills a gap in the literature by developing an integrated framework of green
technology strategies. Furthermore, this study proposed that the integrated methodology
comprises SWOT-GAHP and GTOPSIS for identifying internal/external green technology
factors and sub-factors and assesses GT strategies in a developing country context. These
methods and this modeling approach provide a foundation to include multiple criteria in
policy-making decisions. Finally, our findings help policymakers, strategic planners, and
government agencies in the process of green technology planning.

Managerial Implications and Future Research

Our research provides several theoretical and practical implications. Theoretical impli-
cations include exploring SWOT main factors and sub-factors and developing GT strategies
by proposing a taxonomy of GT indicators to achieve sustainable development. We also
observe benefits for increased green business practices and sustainable development plan-
ning from an integrated approach at a country level. We predict additional benefits from
integrated management at the firm level and provide this opportunity for future research.

A practical implication identified from the study is that our framework can help
decision makers, planners, and government agencies develop GT strategies at a country
level. The application of SWOT-GAHP and GTOPSIS provides a new insight where the
agriculture sector has a high potential for GT investment because Pakistan’s economy is
highly dependent on agriculture. This framework can be applied to other developing
countries to help align investment in technologies and industries that align with the United
Nation’s SDGs. An important take away is that Pakistan should improve its security
situation as this will help to open the door for FDIs in GT.

The underlying purpose of this research is to identify and assess GT strategies for
more sustainable financial planning in a developing county context. We have provided a
foundation for these strategies based on a literature review and built upon prior work in
this field using modeling and expert insight. Future research can build on this study by
developing other factors to help formulate GT strategies by using other MCDM methods to
ensure sustainable GT planning for developing countries while applying our methods to
countries, regions, and industries.
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