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Abstract 8 

Over the last two decades, the phenomenon of green growth has gained much attention from 9 
academics and policymakers striving to find a sustainable solution to environmental problems 10 
worldwide. Technological innovation serves as a tool to abate the acute environmental crisis and 11 
continuously promote sustainable development by converting traditional economies into green 12 
economies. Pakistan is amongst the developing countries relying on conventional technology and 13 
energy resources to meet population and economy demands, which has led to a surge in 14 
greenhouse gases and other hazardous air pollutants. The literature exploring green growth in the 15 
Pakistani context is scant; the present study will therefore fill this gap and explore the dynamic 16 
linkage between technological innovation and ISO 14001 with green growth in Pakistan in the 17 
presence of environmental challenges such as energy consumption and population growth. A novel 18 
Grey Relational Analysis model approach is employed to examine the interrelationship between 19 
the study parameters. Results indicate that technological innovation is significantly correlated with 20 
green growth, and ISO 14001 also shows a substantial relationship with green growth. However, 21 
among the environmental challenges, energy consumption poses a barrier to green growth 22 
development as the country's energy mix is dominated by fossil fuels as compared to renewables. 23 
The research findings produce a much-needed policy suggestion to address the environmental 24 
challenges by promoting green growth development in Pakistan.  25 
 26 
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1. Introduction 30 

Since the industrial revolution, the choice of energy sources to spur economic growth has been 31 

criticized. The resulting ecological crisis has made it one of humanity’s most pressing challenges 32 

in the 21st century. The excessive use of fossil fuels to meet economic and social needs has resulted 33 

in surging emissions of CO2 and other Greenhouse gases (GHGs). The dramatic change in 34 
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environmental conditions is a daunting concern for all academics and policymakers worldwide, 35 

who are looking for an optimal solution to the mentioned crisis.  36 

      In 2005, the United Nations proposed green growth as the ultimate solution to achieve 37 

sustainable development. The Organization for Economic Cooperation Development (OECD) 38 

defines green growth as a new means of fostering development and economic growth in a country 39 

while causing no harmful impact on the environment or people living in it (Merino et al., 2020; 40 

Wang et al., 2020). Green growth has drawn the attention of the masses around the world, and a 41 

plethora of research has been conducted to understand the concept of green growth in different 42 

countries across the globe  (Bagheri et al., 2018; Stoknes & Rockström, 2018; Wang & Shao, 43 

2019). Green growth provides a solution to the environmental crisis and helps achieve sustainable 44 

economic growth while flourishing the interests of the population (Barbier, 2016). Green growth 45 

promotes cleaner energy sources and reduces environmental pollution by lowering the emission of 46 

CO2 and other GHGs (Sandberg, Klockars, & Wilén, 2019). Several authors have argued about 47 

multiple determinants of green growth, but have agreed on all factors that help develop and sustain 48 

economic, environmental, and social interests (Hao et al., 2021; Mensah et al., 2018).  49 

The industrial revolution brought tremendous changes in the way of doing things. To date, 50 

most developing countries have relied on traditional energy sources to meet national demands, 51 

resulting in serious environmental issues  (Tugcu et al., 2012). Energy production from fossil fuels 52 

is a dominant factor in escalating CO2 emissions globally (Köne & Büke, 2010). CO2 and GHG 53 

emissions are the by-products of energy combustion from conventional energy sources like coal, 54 

gas, and oil (Wang et al., 2020). These emissions threaten human lives (Alam et al., 2011; Osobajo 55 

et al., 2020). Therefore, reducing carbon emission to abate global environmental catastrophes has 56 

become a significant concern worldwide (Acosta et al., 2020). 57 
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Technological innovation is a tool to address environmental challenges, reduce the 58 

potential climate change threats posed to human lives, and sustain economic interests (Li & Long, 59 

2020). Technological innovations have played a crucial role in transitioning society from a 60 

traditional economy to a green one. Technological innovation supports green energy production 61 

so as to channel the development of green growth and help transform technological practices in 62 

operations and production processes within organizations (Aghion et al., 2013; Umar et al., 2020). 63 

According to Song et al. (2019), transformative technology innovation helps meet national energy 64 

demands by promoting cleaner technologies that reduce CO2 and other harmful emissions. Wang 65 

et al. (2021) suggested that technological innovation acts as a catalyst to boost green growth. In 66 

addition to technological innovation, some organizational innovations, such as Environmental 67 

Management Systems (EMS), can help firms reduce the impact of their production. EMS is one of 68 

the widely adapted environmental sustainability tools that help public or private organizations 69 

engage in systematic processes to tackle and solve environmental issues and lower harmful impacts 70 

(Coccia & Watts, 2020; Rusko et al., 2014). The research conducted by Kammerer (2009) reveals 71 

that green practices (drawn from EMS) and innovations within an organization share a positive 72 

relationship. Prior studies have shown that EMS promotes environmental sustainability and 73 

performance by involving managers in the process (Aravind, 2012; Mungai et al., 2020). 74 

Pakistan is a developing country, and despite having potential for renewables, its 75 

government has relied heavily on fossil fuels and traditional technological methods to meet its 76 

economic and social needs (Hussain et al., 2019). The International Energy Agency (IEA) rated 77 

Pakistan as the fifth most vulnerable country to environmental issues (International Energy 78 

Agency (IEA), 2018). Shahzad et al. (2017) found that the dependence on scarce energy resources 79 

will have a prolonged impact on the country's environment and human lives. Substantial CO2 80 
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emissions have posed a tremendous environmental challenge for Pakistan, imposing considerable 81 

threats to the environment. While PM 2.5 (Particulate matter) is the most dangerous particulate 82 

matter in the air, drastically impacting human lives, it is a by-product of fossil fuels released from 83 

power plants and vehicles. PM 2.5 is a heavy air pollutant responsible for severe lung and heart 84 

conditions (Wu, 2017). According to the World Health Organization (WHO), more than 40 million 85 

cases and 28,000 deaths due to severe lung and respiratory diseases are reported annually in 86 

Pakistan (Environmental health, 2020). Abid et al. (2020) argued that in recent years, conventional 87 

energy consumption and population growth have caused several environmental problems, and 88 

under Belt and Road energy projects, Pakistan would produce 67% of its energy from fossil fuels 89 

like coal, gas, and oil. If technology, process, and manufacturing all remain the same, the region 90 

will face significant environmental disasters. The industrial sector in Pakistan relies on energy 91 

from fossil fuels and has become the second significant contributor to GHG emissions in Pakistan 92 

(Shrestha, 2013).  The roots of the environmental problem cannot be traced to energy choices in 93 

Pakistan, as Naqvi and Rehm (2014) found that with every 1% increase in population, energy 94 

consumption and emissions would increase by 0.46% in the country.  95 

In the light of the above, building upon secondary data collected in Pakistan and an 96 

extensive literature review, this study aims to answer a key research question: Do technological 97 

innovation and EMS adaption help the development of green growth in Pakistan?  98 

Research concerning technological innovation and green growth is scarce (Popp, 2012). In the 99 

literature, the phenomenon of green growth has not been widely explored in the Pakistani context. 100 

Therefore, this is one of the most significant contributions in the field as Pakistan is a rapidly 101 

developing country that relies heavily on fossil fuels to meet its demands to spur economic growth 102 

(Abid et al., 2020). This study fills the gap in the literature and provides a direction for future 103 



 

 5 

studies revolving around green growth development in the country, and offers policy implications 104 

related to green growth for designing relevant policies that shape the future of sustainable 105 

development for the country. This study extends its contribution to the literature by examining the 106 

integrated effect of technological innovation with the development of green growth in Pakistan. 107 

Furthermore, this study proposes a more comprehensive framework by combining 108 

technological innovation and EMS (organizational innovation) with two environmental challenges 109 

(i.e., energy consumption and population growth). To do so, the data of technological innovation 110 

(R&D, patent applications), EMS (Organizational Innovation), and green growth (CO2 emissions, 111 

renewable energy, GHGs, and PM 2.5) from 2000 to 2019 are used. This study employs the novel 112 

GRA model approach, offering consistent, unbiased solutions as this technique offers optimal 113 

results even with a small data sample and, as a result, identifies the most effective element to 114 

promote green growth in Pakistan. The main advantage of GRA models is to ensure accuracy and 115 

superiority over statistical models (Ikram et al., 2020). Lastly, this study can be generalizable to 116 

economies having similar economic and social contexts.  117 

The rest of the paper is structured as follows. Section 2 presents the extensive literature on 118 

technological innovation, EMS, and green growth. Section 3 describes data information and the 119 

steps involved in the construction of GRA models. Section 4 provides the results and discussion. 120 

The conclusion, policy implications, and future directions are presented in the last section of the 121 

study.  122 

2.  Literature review 123 

2.1 Technological innovation and green growth 124 

For over a century, increased resource consumption (fossil fuels, water, forests) has spurred 125 

growth. Rapid economic developments and increased human activities have been fueling 126 
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environmental problems for decades leading to ecological catastrophes (droughts, hurricanes, and 127 

global temperature rise) that are not limited to national boundaries (Kunapatarawong & Martínez-128 

Ros, 2016; Tseng et al., 2013). Among many, the most pressing environmental challenges are 129 

increasing CO2 emissions, which are a byproduct of the overuse of non-renewable energy 130 

production sources. Non-renewable energy sources are scarce, and economies have been utilizing 131 

these resources for years, which has accelerated the growth process but adversely affected the 132 

environment (Du et al., 2020). Environmental challenges have a detrimental impact on human 133 

health, and continued degradation will jeopardize long-term economic goals. (Xu et al., 2021). 134 

Development at the expense of the environment has alarmed global leaders who are now striving 135 

to find a sustainable solution to tackle the environmental crisis worldwide (Cuerva et al., 2014; Li 136 

et al., 2020). 137 

In 2005, the United Nations proposed green growth as a means to achieve sustainable 138 

economic growth without harming the environment (Kang, 2015). Green growth promotes the 139 

nationwide pursuit of growth and development while ensuring the efficient use of natural resources 140 

to protect the environment (OECD, 2011). Therefore, the transformative characteristic of green 141 

growth has drawn global attention. “Green” represents harmony between humans and the 142 

environment, and “growth” encompasses the prosperity of a country and its people. Green growth 143 

provides an ultimate solution to the environmental challenges and accelerates the deployment of 144 

clean energy sources to reduce environmental degradation (Aguilera-Caracuel et al., 2013; Li et 145 

al., 2019a). 146 

 Scholars (Hao et al., 2021; Su et al., 2020) have recently emphasized the role of technology 147 

in promoting green growth development. However, the effect of technological innovation on green 148 

growth is  much debated in the field. Technology is one of the prime factors that organizations 149 
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have been using to excel in performance and constantly impact humans and the environment (Li 150 

et al., 2019b). Environmental awareness has made policymakers realize that technology intensifies 151 

environmental issues, and progress leading to environmental catastrophes is not advisable. 152 

Therefore, a shift has been observed to upgrade traditional technology to green or clean technology 153 

through resource-efficient innovation and to substantially reduce environmental pollution 154 

(Schiederig et al., 2012). Green innovation is divided into four categories; managerial, product, 155 

process, and technological innovation (Tseng et al., 2013). Technological innovation preserves 156 

environmental interests through the deployment of green technology that accelerates the process 157 

of green growth, which ultimately reduces the potential threats of climate change to human lives 158 

(Li & Long, 2020). Johnstone et al. (2010) suggested that technological innovation is imperative 159 

for green growth development. Danish & Ulucak (2020) examined how technological change 160 

affects green growth in BRICS countries. Using CO2 as a proxy for green growth, the authors 161 

argued that technology is critical in green growth transition. Ahmad et al. (2020) considered 162 

technological innovation to be an essential determinant of green growth. They stated that 163 

technological innovations transform traditional technology into a cleaner one to protect the 164 

environment and improve operational efficiency. This study is endorsed by previous research by 165 

Aghion et al. (2016) who argued that technological innovation should be blended into policy plans 166 

to promote green growth. Figure 1 presents the relationship between technological innovation and 167 

green growth.  168 

Studies have estimated technological innovation using R&D funding and patent applications 169 

(Zhai & An, 2021). Aghion et al. (2005) used patents application as indicators of technological 170 

innovation. Berghäll (2016) measured R&D as a representative of innovation. The results of the 171 

study by Audretsch and Belitski (2020) and Shaikh and Colarelli O’Connor (2020) showed that 172 
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R&D is vital to innovation in an organization and improves productivity. The authors further stated 173 

that the impact of R&D may differ across countries and depends on the variables under study.  174 

According to Wang and Zhu (2020), technological innovation is essential to reduce carbon dioxide 175 

emissions. R&D funding and investments promote technologies, reducing CO2 and other GHG 176 

emissions (Jung et al., 2012; Sohn and Han, 2015). According to Fernández et al. (2018), R&D 177 

funding is effective in minimizing CO2 emissions.  Song et al. (2019) stated that not only does 178 

technological innovation meet national energy demands by promoting cleaner technologies, but it 179 

also reduces CO2, GHG emissions, and other harmful pollutants that impose threats on human 180 

lives (Bekun et al., 2019).  181 

In contrast to the above literature, several studies (Fisher-Vanden & Sue Wing, 2008; Wang et 182 

al., 2014; Zhao et al., 2010) have claimed that technological innovation enhances production 183 

capacity that requires more energy consumption, resulting in harmful emissions. Furthermore, 184 

Chen & Lee (2020) and Samargandi (2017) disclose that technological innovation does not impact 185 

global CO2 emissions and does not significantly protect the environment. Therefore, this 186 

inconsistency within the literature motivates us to extend our analysis. For decades, technological 187 

innovation has been considered as a core aspect of national growth. However, the literature 188 

regarding technological innovation and green growth is limited (Popp, 2012). Therefore, based on 189 

the aforementioned contradictory literature and with purpose of exploring the impact of 190 

technological innovation on green growth in the context of a developing country, we propose the 191 

following hypotheses: 192 

Hp1: Patent application is positively related to green growth 193 

Hp2: R&D is positively related to green growth 194 
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 195 

Figure 1. Technological innovation and green growth  196 

2.2 Green organizational innovation, ISO 4001, and green growth 197 

Daunting environmental challenges call for organizational support to preserve and protect the 198 

environment. Environmental Management Systems (EMSs) are the environmental sustainability 199 

tools that help organizations address environmental challenges and ensure environmental 200 

sustainability. A number of EMSs exist, but ISO 14001 is the most adapted management standard 201 

worldwide. ISO 14001 was established in 1996 by the international Organization for 202 

Standardization (ISO) and it has been revised over the years. ISO 14001:2015 is the latest version 203 

with a set of updated requirements to improve environmental performance (da Fonseca, 2015). 204 

After ISO 14001, the second most famous EMS standard is the Eco-Management and Audit 205 

Scheme (EMAS) designed and established by the European Regulation EC 1221. EMSs make 206 

organizations follow specific rules to handle environmental management aspects both internally 207 

and externally (Chiarini, 2017; Testa et al., 2014). 208 

According to Konnola and Unruh (2007), EMS is a substantial part of managerial innovation, 209 

ensuring efficiency in process control, production improvement, and product quality. Hence, EMS 210 

can be seen as a management standard applied to the whole industrial network. Curkovic and 211 

Sroufe (2011), Ikram et al. (2020) argued that EMS is not just a part of environmental improvement; 212 
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an organization can also use EMS to create a positive public image and involve managers from 213 

different hierarchical levels to engage in innovation. Similarly, said EMS is a key instrument 214 

introduced to promote product innovation. The research conducted by Kammerer (2009) reveals 215 

that green practices (drawn from EMS) and innovations in an organization share a positive 216 

relationship. EMS ensures environmental efficiency and enhances organizational innovation 217 

capabilities  (Darnall, 2006).   218 

This study mentions and employs ISO 14001 because EMAS has not yet been implemented or 219 

established in Pakistan. ISO 14001 serves as a part of the Environmental Management System and 220 

involves the planning, coordination, processing, resource deployment, implementation and 221 

evaluation of an environmental policy (Darnall et al., 2008). In the last two decades, a global trend 222 

to adopt EMS has been observed. EMS has proven to be efficient in addressing environmental 223 

issues and increasing organizations' accountability in considering environmental concerns (Mazzi 224 

et al., 2017). ISO 14001 certifications help organizations achieve environmental goals and provide 225 

a way to design and manage organizational operations with superior environmental performance 226 

(Carrillo-Labella et al., 2020).  227 

 Aravind (2012) argued that in order to implement proper practices to improve 228 

environmental performance in an organization, the management enhances process innovation and 229 

environmental audit. To obtain ISO 14001 certifications, organizations need to comply with ISO 230 

standards and requirements. First, organizations must develop an environmental report mentioning 231 

all the potential activities, impacts, goals, and plans to minimize environmental impact. Second, 232 

organizations must disseminate information about ISO 14001 with employees at different levels, 233 

train them, and systematically handle environmental issues. Henriques and Sadorsky (2007) and 234 

Naveh et al. (2006) define ISO 14001 as an administrative innovation within an organization that 235 
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promotes process-oriented practices. These innovations facilitate organizational change in 236 

management practices and operations (Walker et al., 2011). According to Wagner (2010), 237 

understanding the ISO 14001 as a measure of organizational innovation is not simple. Aragón et 238 

al. (2007); Ziegler et al. (2009) argued that ISO 14001 increases environmental performance by 239 

reducing harmful impacts and improves organizational performance by channeling innovation 240 

capabilities. EMS drives innovation capabilities in management practices and environmental 241 

processes (Bansal & Hunter, 2003). The advantages of ISO 14001 compel multiple economies to 242 

support EMS deployment by providing financial and technical support to organizations (Konnola 243 

& Unruh, 2007).  244 

EMS helps organizations consistently and systematically tackle significant environmental 245 

issues, including air pollution. Countries must facilitate EMS adoption if they want to reduce air 246 

pollution (Raines, 2002). The updated ISO 14001:2015 incorporated various aspects of energy 247 

consumption and emphasized the use of process, operational techniques, and resources that do not 248 

discharge harmful air pollutants, emissions, or other residual waste to avoid environmental impacts. 249 

ISO:14001:2015 thereby supports the goal of green growth by stressing the need for clean energy 250 

sources/materials and techniques (technologies) to minimize drastic emissions and avoid harmful 251 

impacts on the environment (Laskurain et al., 2017).  252 

The literature shows the importance of EMS in environmental protection and sustainable 253 

development, but despite adopting ISO-14001, contradictory results worldwide make it 254 

controversial. There is no globally unified EMS result (Boiral and Henri, 2012; Clare et al., 2019), 255 

which has forced this study to incorporate EMS into its framework and verify its role in green 256 

growth development in Pakistan with other variables. There is a direct relationship between EMS 257 

and green growth, and it is presented in Figure 2.  258 
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Therefore, we propose the following hypothesis:  259 

Hp3: Green forms of organizational innovation (i.e., EMS) are positively related to green growth 260 

 261 

 262 

Figure 2. EMS and green growth 263 

2.3 Environmental challenges and green growth 264 

Energy consumption has contributed to the growth of economies around the world, but it has 265 

also damaged the environment over the years. Energy consumption has played a substantial role 266 

in the global environmental crisis (Sato, 2007). Alkaher & Carmi (2019) stated that the 267 

environmental catastrophe is a byproduct of human activities worldwide. They further argued that 268 

population growth is among the most significant causes of the environmental crisis, which should 269 

be addressed next. 270 

This study incorporates the two most significant environmental challenges into its framework; 271 

the first environmental challenge is represented by energy consumption, and the second is 272 

population growth, presented in Figure 3.  Since the industrial revolution, fossil fuels have been 273 

the dominant driver of world economies used to enhance production and meet the increasing 274 



 

 13 

population demands. Increased energy consumption leads to soaring emissions of CO2 and other 275 

GHGs (Hamit-Haggar, 2012). GHGs are considered to be the main factor responsible for global 276 

climate change and a significant threat to the environment and humanity (Davis et al., 2018; Miao, 277 

2017).  278 

 The primary source of pollution is energy consumption from traditional energy sources like 279 

coal, gas, and oil in various industries, including energy and transportation (Odeh & Cockerill, 280 

2008). Human activities have increased the level of air pollution (Feng et al., 2019). Air pollution 281 

is a threat to human lives and other species sharing the same environment (Ruggieri & Plaia, 2012). 282 

Besides CO2 and GHG emissions, PM 2.5 is the most dangerous particulate matter in the air. The 283 

most harmful impact on human lives is a byproduct of fossil fuels released from power plants in 284 

factories and vehicles. PM 2.5 is a heavy air pollutant responsible for severe lung and heart 285 

conditions (Wu, 2017). Previous studies have shown that GHGs and PM 2.5 are the result of the 286 

overuse of fossil fuels and mass industrial production (Kantor et al., 2010).  287 

Zhang et al. (2021) suggested replacing fossil fuels with renewable energy sources to minimize 288 

harmful gas emissions. One of the best strategies to reduce CO2 emissions is to prefer renewable 289 

energy consumption. Their use will protect the environment and human species from harmful 290 

emissions and serve as a tool to achieve sustainable development (Sandberg et al., 2019). In their 291 

studies, Danish and Ulucak (2020); Odeh and Cockerill (2008) emphasized the use of renewable 292 

energy consumption and argued that the establishment should help the public and private sectors 293 

reduce their reliance on conventional energy. Most of Pakistan’s energy consumption comes from 294 

fossil fuels. The combustion of fossil fuels has caused a surge in CO2 emissions in Pakistan, thus 295 

resulting in a prolonged environmental crisis (Latif et al., 2014). 296 
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Population growth represents the second dimension of environmental challenges that we 297 

included in our research. Since the industrial revolution, population growth and excessive energy 298 

consumption produced from fossil fuels have disturbed the environment and posed a threat to 299 

younger generations (Smith et al., 2013). Air quality represents environmental quality, thus 300 

environmental crisis and air quality are interlinked (Roberts & Wooster, 2021; Shi & Wu, 2020). 301 

Javed et al. (2019) disclosed that in developing economies, the leading cause of CO2 emission is 302 

population and traditional energy sources of production. The research findings of Sulaiman and 303 

Abdul-Rahim (2018) showed that population growth is one of the most significant drivers of CO2 304 

emissions. 305 

 Rehman et al.(2020) reported that energy consumption is the primary cause of emissions, 306 

but population growth is also causing CO2 emissions as humans are natural emitters of carbon 307 

dioxide. Cui et al. (2018) analyzed various social and economic indicators and found that 308 

population growth increases CO2 emissions.  Naqvi and Rehm (2014) and Abid et al. (2020) 309 

examined Pakistan's socioeconomic and environmental variables and revealed a positive 310 

relationship between population growth and CO2 emissions. With every 1% increase in population, 311 

there will be a 0.46% increase in CO2 emission, a significant reason behind its deforestation, and 312 

fewer initiatives to protect and sustain Pakistan's natural environment. Uncontrolled population 313 

growth demands more energy and sources and exerts pressure on the environment, and in the 314 

absence of proper precautionary measures, the ecological system will suffer.  315 

Therefore, we propose the following hypotheses:  316 

Hp4: Energy consumption is negatively related to green growth. 317 

Hp5: Population growth is negatively related to green growth 318 
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 319 

Figure 3. Environmental challenges and Green Growth 320 

This study develops a multi framework by incorporating technological innovation, green 321 

organizational innovation, and environmental challenges with green growth. It expands the range 322 

of desirable outcomes responding to Pakistan's green growth development and environmental 323 

goals. We aim to test the impact of independent variables on green growth by employing the GRA 324 

approach. The analytical model summarizing all the hypotheses and variables used in the study is 325 

reported in Figure 5. 326 
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 327 

Figure 4. Conceptual model 328 

3. Research Methodology 329 

This study aimed to explore the potential impact of technological innovation, EMS, 330 

environmental challenges (i.e., energy consumption and population growth) on green growth in 331 

Pakistan.  In order to gain a better understanding of technological innovation, the study used 332 

research and development (R&D) and patent applications (PA) as a proxy of technological 333 

innovation (Aghion et al., 2005; Berghäll, 2016). EMS such as ISO 14001 certifications were 334 

considered since Pakistan has not implemented EMAS yet. ISO 14001 represents the number of 335 

organizations in Pakistan that have implemented EMS. Energy is measured in terms of energy 336 

consumption, and population as the percentage of population in Pakistan. Green growth is 337 

measured in terms of air pollution, with PM 2.5 (particulate matter) considered as the most 338 

dangerous air pollutant and a significant threat to human lives (Diao et al., 2019), GHGs, 339 

renewable energy consumption (REC), which is the crucial strength factor to produce clean energy 340 
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and promotes sustainable development (Abid et al., 2021). Data from 2000-2019 were used, and a 341 

complete description of variables and data collection sources is reported in Table 1. 342 

Table. 1 Description of study variables 343 

Variables (Code) Description of variables Measurement Data sources 

R&D R&D expenditure Research and development 
expenditure, percent of GDP 

Database of Business 
and economic data 

PA Patent applications Number of patents applications WGI 

EC Energy consumption Energy consumption in the 
industrial sector Our world in Data 

EMS EMS ISO 14001 certifications ISO 

PG Population growth Population growth 
WGI and Database of 

Business and economic 
data 

REC Renewable energy consumption Percentage of renewable 
consumption (TWh) Our world in data 

GHG Greenhouse gas emissions GHG in the agricultural sector 
(%) WGI 

CO2 Carbon dioxide emissions Annual CO₂ emissions (mt) Our world in data 

PM 2.5 Air pollution/Particulate Matter 2.5 
Mortality from exposure to 

ambient PM2.5 (Per 1 000 000 
inhabitants) 

OECD 

 344 

3.1 Grey Relational Analysis (GRA)) 345 

The Grey relational model, known as the GRA model, has received enormous recognition in 346 

the past two decades. GRA models are applied in different fields of study, including management, 347 

engineering, economics, environmental science, and medicine (Xu & Li, 2018). GRA methods of 348 

data analysis have emerged as an attractive option as they provide an advantage over other 349 

techniques in several ways. GRA allows for efficient handling of small datasets, dealing with grey 350 

values, and providing optimal results (Ikram et al., 2021). 351 
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In the present study, GRA models consist of four stages. For the analysis, data were extracted 352 

from multiple databases from 2000 to 2019 and normalized in the first stage. In the second stage, 353 

GRA models were run on the data to examine the relationship that technological innovation (PA 354 

and R&D), energy, environmental management systems (EMS) (ISO 14001), and population 355 

growth (PG%) have with green growth (GHG emissions, PM 2.5, CO2 emissions and renewable 356 

energy) in Pakistan. The third stage involved the use of the GRA ranking approach, employing the 357 

weights generated in stage two, and after defining the decision criteria, assigning them to the 358 

alternatives. In the last stage, the conservative model was run on the analysis results to find the 359 

best solution (the variable or set of variables), having a substantial impact on green growth 360 

development in Pakistan. 361 

In 1982, Deng developed the grey system theory (Ju-Long, 1982). GRA models, also known 362 

as Grey Incidence Analysis (GIA), are considered to be the key elements of Deng’s grey system 363 

theory (Badri Ahmadi et al., 2017). These models are superior to other approaches in tackling data 364 

issues, whether they contain missing values or unreliable data sources (Ikram et., 2019). They also 365 

assist in handling small datasets with maximum efficiency (Rehman et al., 2020). According to 366 

Dai et al. (2014), GIA models provide better grounds for understanding the complexity of the 367 

conceptual model. Similarly, s objectives. Recently, in his work, Mahmoudi et al. (2018) 368 

explained the systematic process and steps to measure Deng’s GIA model of two datasets 369 

represented as 𝜔! and 𝜔".  370 

 371 

• Stage 1: as a first step to measure Deng’s GIA, we present the equation of our two 372 

datasets 𝛿! and 𝛿𝒾, 𝒾=1, 2, 3…, 𝓂, where:  373 

𝜔$𝜂 = %"
%"(')

= '𝜔$𝜂(1), 𝜔$𝜂(2), … , 𝜔$𝜂(𝔫)/; 𝜂 = 0,1,2,3,4… ,𝔪.                       (1) 374 
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 375 

• Stage 2: involves the calculation of the differences in the 𝛿!$  and 𝛿𝒾$ sequence, where 𝜂 376 

=1, 2,3,4 …, 𝓂 and is presented as 377 

𝛥𝜂(𝔩) =∣∣ 𝜔$0(𝔩) − 𝜔$𝜂(𝔩) ∣∣, 𝛥 = '𝛥𝜔(1), 𝛥𝜔(2), … , 𝛥𝜔(𝔫)/, 𝜂 = 1,2,3, … ,𝔪.      (2) 378 

• Stage 3: we attempt to find the difference (maximum and minimum) between: 379 

𝕄 = 𝑚𝑎𝑥"𝑚𝑎𝑥𝔩∆"(𝔗),                                                             (3) 380 

𝔪 = 𝑚𝑎𝑥"𝑚𝑎𝑥𝔩∆"(𝔗),                                                             (4) 381 

• Stage 4: we attempt to measure the grey incidence coefficient with the help of the 382 

following formula, where 𝜍 is the distinctive coefficient and has the value of 0.5:  383 

• Stage 5: Grey relational degree (GRG) is measured with equation (5) 384 

          𝜉0𝜂 = ∑𝔗 = 1𝔫(𝜉0𝜂(𝔗) ×𝓌𝔩); 𝜂 = 1,2,3,4… ,𝔪.                                  (5) 385 

In equation (5)  ∑𝓌𝔩=1 and '
𝔫
  represents equally distributed criteria (Sarikaya & Güllü, 2015). 386 

3.1.1 Absolute degree of GIA model 387 

Deng’s GIA model works better than traditional statistical methods to explain the 388 

relationship between study variables (Ikram et al., 2021). It is known as the Absolute GRA 389 

model or Absolute degree of GIA (ADGIA) (J. Xu & Li, 2018; Zhicai & Li, 2018). Using this 390 

rigorous econometric technique in the investigation allows the researchers to gain insights 391 

into the geometric proximity between the sequential study setup and the information on study 392 

parameters and their association with the designed framework (Ikram et al., 2021; Javed & 393 

Liu, 2017). In order to analyze the GIA in the study model, it is necessary to access the two 394 

separate time periods 𝜔! and 𝜔" . 395 

• Stage 1: Using the different time intervals 𝜔! and 𝜔" to measure the base point 𝜔!! and 396 

𝜔'!. 397 
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• Stage 2: Estimate |𝛾!|, |𝛾'| and|𝛾' − 𝛾!|. 398 

• Stage 3: calculate the 𝜇!') ADGIA different time span using the 𝛿!, 𝛿'  sequence. The 399 

formula used to estimate the ADGIA is given below: 400 

				𝜇!' =
'+|-!|+|-"|

'+	|-!|+|-"|+|-"/-!|
.                                          (6) 401 

3.1.2 Deng’s degree of GIA 402 

In the following stage of the analysis, the GRA model proposed by Deng suggests 403 

employing Deng’s degree known as GRG (Grey Relational Grade) or DGIA (Degree of Grey 404 

Incidence Analysis). The mathematical representation of DGIA is given below in equations 405 

(7) and (8), where 𝜉!"  (𝔗) is a grey relational coefficient (GRC).  406 

 407 

𝜉!0 = ∑ '𝜉!"(𝔗) × 𝜆𝔩/𝔫
𝔩1' ; 	𝜂 = 1,2,3,4	 … , 	𝔪,                  (7) 408 

Or 409 

𝜉!" =
'
𝔫
∑ J𝜉!"(𝔗)K𝔫
𝔩1' ; 	𝜂 = 1,2,3,4	 … , 	𝔪,                      (8) 410 

Equation (7) represents the weighted GRA/DGIA, and equation (8) shows the non-weighted 411 

scheme. 412 

Definition I: Absolute Degree of Grey Incidence Analysis (ADGIA) 413 

This study used the ADGIA model to estimate the weights of technological innovation, 414 

energy, environmental management systems, population growth, and green growth for 415 

Pakistan's case. 416 

The formula for weight measurements is given below: 417 

 418 

𝛽01 =
1 + |𝛾0| + |𝛾1|

1 + |𝛾0| + |𝛾1| + |𝛾1 − 𝛾0|																																																						(9) 419 
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 420 

Let the data sequence of system behavior be represented as𝜔" = (𝜔"(1), 𝜔"(2), . . . . , 𝜔"(𝔫)) 421 

and 𝒞  indicate the sequence operator , which satisfies d𝛿"(𝐿)𝑐 = (𝜔"(𝐿)𝑐 − 𝜔"(1); 	𝔗 =422 

1,2,3, . . 𝔫 Then, 𝒞 is a point operator starting from zero and 𝛿2𝐶, known as zero-scale point 423 

image of 𝛿2.	𝛿2𝐶, is often written as: 424 

						𝜔"𝒞 = 𝜔'! = (𝜔"!(1), 𝜔3!(2), . . . . . 𝜔"!(𝔫))                                        (10) 425 

According to Liu et al. (Liu et al., 2017), we assume that the length of variables 𝛿2 and 𝛿𝒿   are 426 

the same as the one-time-interval sequences, and 𝛿2  and 𝛿𝒿  are zero-starting point images 427 

as follows: 428 

𝜔"! = J𝜔"!(1), 	𝜔"!(2), 𝜔"!(3)	… ,	𝜔"!(𝔫)K,                                    (11) 429 

𝜔3! = J𝑥3!(1), 	𝜔3!(2), 𝜔3!(3)	… ,	𝜔3!(𝔫)K.                                    (12) 430 

Then 431 

S𝜍"S = TU𝜔"!
𝔫/'

𝔩15

(𝔗) +
1
2𝜔"

!(𝔫)V																																																																(13) 432 

|𝜍3| = TU𝜔3!
𝔫/'

𝔩15

(𝔗) +
1
2𝜔"

!(𝔫)V,																																																										(14) 433 

!𝜍! − 𝜍"! = 	 &'(𝜔"
#

𝓃%&

𝔩()

(𝔗) − 𝜔!#(𝔗)) +
1
2
/𝜔!#(𝔫) − 𝜔"

#(𝔫)12 , |𝜍"|434 

= &'𝜔"
#

𝔫%&

𝔩()

(𝔗) +
1
2
𝛿!#(𝔫)2,																																										(15)		 435 
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3.2 SSDGIA model (Second Synthetic Degree of Grey Incidence Analysis) 436 

The SSGIA model is the next stage to calculate the proximity between two curves using the 437 

two data sequences mentioned earlier. This model presents the whole proximity of the factor series. 438 

SSDGIA is measured by incorporating the integral and partial points of the proximity between the 439 

curves. This model is proposed by Javed and Liu (2018) and estimated with the help of the 440 

following equation:  441 

𝛽"3 = 𝛿𝜖"3 + (1 − δ)𝜛"3; 	δ𝜀	[0,1],                                      (16) 442 

𝛽"3 = SS degree of grey relation (SSGRG) 443 

𝜖"3 = Absolute Degree of grey relation (absolute GRG) 444 

𝜛"3 = Deng’s degree of grey incidence/grey relation (GRG) 445 

The basic principle behind GRA models is to utilize the degree of proximity for a geometric 446 

curve in an open data structure to evaluate for associations (Liu et al., 2017, p.68). There are three 447 

types of proximities in GRA models. If Deng’s GRA model relates partial closeness/proximity, 448 

then absolute GRA relates integral closeness/proximity between two data sequences, while the 449 

second synthetic GRA aims to reveal a more comprehensive closeness/inclusive proximity (Ikram 450 

et al., 2021; Javed et al., 2019). The SSDGIA model was developed based on the SDGIA model's 451 

working standard. It is recommended that θ=0.5 be considered when making decisions with a view 452 

to achieving a thorough positioning that equally combines the advantages of the two terms, i.e., γ 453 

and ε, without preferring one over the other, and if appropriate, θ could be changed. If someone 454 

wants to endorse γ, then the calculation of θ might be decreased at that point, but ε is desired then 455 

the total value can also be increased at that point. 456 

 457 
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 458 

 459 

Figure 5: Schematic framework of the study; Source (Ikram et al., 2021) 460 
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4. Results and Discussion 461 

This study used GRA models to analyze the relationship between technological innovation, 462 

EMS, energy consumption, population growth, and green growth in Pakistan. The efficiency of 463 

GRA models makes them a better technique as they address endogeneity issues and grey values, 464 

thus providing an optimal solution (Badri Ahmadi et al., 2017). The analysis results for GRA 465 

models, Deng GRG, SSGRG, and absolute GRG, are set forth in Tables 2 to 6. GRA models help 466 

us evaluate the association between technological innovation (R&D, Patent Application), EMS 467 

(ISO 14001), energy consumption, population growth, and green growth (CO2 emissions, 468 

renewable energy, GHGs, PM 2.5) in Pakistan for the period of 2000-2019. The strength of this 469 

relationship is measured using a scale of 0 to 1, where 0 represents the weakest values, and 1 470 

indicates the most substantial relationship for GRG and SSGRG models. The Deng GRG model's 471 

scale has a standardized value of 0.5 to 1, where 0.5 indicates a weak relationship, and 1 shows a 472 

strong relationship between study variables (Ikram et al., 2020; Javed et al., 2019). The assessment 473 

of technological innovation (R&D, Patent Application), EMS (ISO 14001), energy consumption, 474 

population growth, and green growth (CO2 emissions, renewable energy, GHGs, PM 2.5) with 475 

respect to GRA models is presented in Figure 6. 476 

Table 2: Grey Relational assessment for Research and Development  477 

Country Absolute GRG Deng GRG SSGRG 

GHG Emission from 
Energy 0.5308 0.6791 0.6049 

Renewable energy 
consumption 0.8394 0.6882 0.7092 

Mortality from exposure 
to pm 2.5 0.9112 0.7963 0.8537 

CO₂ emissions 0.9791 0.7330 0.8561 

 478 



 

 25 

Table 2 shows the relationship between technological innovation (R&D) and green growth 479 

(CO2 emissions, renewable energy, GHGs, PM 2.5) in Pakistan. Absolute GRG results show that 480 

CO2 emissions have a substantial relationship with green growth in Pakistan with a value of 481 

0.9791followed by PM 2.5 (0.9112), which represents the most dangerous air pollutant for human 482 

health. Deng GRG results show that PM 2.5 got the highest-ranking value (0.7963), followed by 483 

CO2 emissions (0.7330). PM 2.5 is responsible for severe lung and respiratory diseases and deaths 484 

(Diao et al., 2019). According to WHO, every year, 40 million cases and 28,000 deaths due to 485 

severe lung and respiratory diseases are reported in Pakistan (Environmental health, 2020). Results 486 

of R&D as an independent variable in Table 1 indicate the significant relationship between CO2 487 

and PM 2.5 emissions, which means that government spending on R&D will help Pakistan address 488 

CO2 and PM 2.5 problems nationwide. 489 

The SSGRG model findings rate CO2 emission in first position (0.8561) with R&D and 490 

PM 2.5 (0.8537) in second position. The third position is occupied by renewable energy 491 

consumption with a value of 0.7092. Pakistan relies on fossil fuels to meet most of its energy and 492 

other economic demands. Although the country has launched various initiatives to support 493 

renewable energy production, most of Pakistan's future energy projects are still based on fossil 494 

fuels (Abid et al., 2020). 495 

GRA assessment for R&D shows that GHG emissions from energy consumption in 496 

Pakistan do not share any significant relationship with R&D funding. Our results for PM 2.5 and 497 

CO2 emissions are in line with the findings of (Di Vita, 2017) and (Zhang et al., 2019), whose 498 

research revealed that technological innovation (R&D funding) helps lower CO2 emissions and air 499 

pollution (PM 2.5) in a country. R&D funding in Pakistan is insufficient (Global economy, 2021) 500 
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to boost its technological innovation, so the government should focus on these aspects to protect 501 

people's lives or aim to comply with international environmental laws. 502 

Table 3: Grey Relational assessment for patent applications 503 

Country Absolute GRG Deng GRG SSGRG 

GHG Emission from 
Energy 0.5238 0.6814 0.6026 

Renewable energy 
consumption 0.6851 0.6992 0.6921 

Mortality from exposure 
to pm 2.5 0.8179 0.7312 0.77462 

CO₂ emissions 0.8705 0.7322 0.8013 

Patent applications are a good proxy for measuring technological innovation in a country 504 

(Aghion et al., 2005; Berghäll, 2016). Table 3 shows the relationship between patent applications 505 

(independent variable) and CO2 emissions, renewable energy, GHG emissions, PM 2.5 (dependent 506 

variable). The result of absolute GRG shows that CO2 emissions with a weight value of 0.8705 507 

share a significant relationship with patent applications in Pakistan, followed by PM (0.8179). 508 

Deng GRG and SSGRG models show similar results as absolute GRG, and rank CO2 emissions 509 

(0.7322 and 0.8013), PM 2.5 (0.7312, and 0.7746) as factors that directly influence patent 510 

applications in the country.  These findings are similar to the results of (Geng, 2016). These 511 

researchers found that patent applications are crucial factors that help lower CO2 and other harmful 512 

emissions. There is a negative relationship between Technological innovation and CO2 emission, 513 

which postulates that technological innovation can lead to a decrease in CO2 emissions for Pakistan 514 

(Abid et al., 2020). However, as for Pakistan, renewable energy and GHG emissions share a 515 

significant relationship with patent applications. The number of patent applications is not 516 

progressing compared to other developing countries in Asia (The world bank, 2018). There is a 517 

need to nourish technological innovation in Pakistan to achieve environmental sustainability. 518 
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Table 4. Grey Relational assessment for Energy consumption  519 

Indicators Absolute GRG Deng GRG SSGRG 

GHG Emission from 
Energy 0.5436 0.4455 0.4945 

Renewable energy 
consumption 0.5391 0.5455 0.5923 

Mortality from exposure 
to pm 2.5 0.9292 0.6823 0.7658 

CO₂ emissions 0.8683 0.6959 0.7821 

 520 

GRA results for energy consumption with GHG emissions, renewable energy, CO2 521 

emissions, and PM 2.5 are presented in Table 4. Surprisingly, absolute GRG ranks PM 2.5 as the 522 

indicator that is most affected (0.9292) by energy consumption in Pakistan. According to a World 523 

Bank report, 30 million people in Pakistan suffer from severe respiratory conditions every year, 524 

leading to 28000 deaths (World Health Organization, 2020). PM 2.5 is the most harmful air 525 

pollutant responsible for lung and chronic reparatory diseases (Diao et al., 2019). Pakistan 526 

produces most of its energy from fossil fuels (Wakeel et al., 2016), and our findings indicate that 527 

energy consumption is a significant cause of the rising level of PM 2.5. CO2 emissions (0.8683) 528 

rank second among the various factors that are most affected by energy consumption. However, 529 

the results of Absolute GRG, Deng GRG, and SSGRG suggest that factories' energy consumption 530 

does not share a significant relationship with GHG emissions since more than 70% of GHG 531 

emissions is caused by agriculture in Pakistan (Hussain et al., 2019). Deng GRG and SSGRG 532 

support the results of Absolute GRG that PM 2.5 (0.6823 and 0.7658) and CO2 emissions (0.7821 533 

and 0.6959) are the main outcomes of energy consumption in Pakistan. 534 

Table 5: Grey Relational assessment for EMS  535 

Indicators Absolute GRG Deng GRG SSGRG 
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GHG Emission from 
Energy 0.6143 0.9424 0.7797 

Renewable energy 
consumption 0.5952 0.8975 0.7523 

Mortality from exposure 
to pm 2.5 0.6307 0.6392 0.6850 

CO₂ emissions 0.6267 0.9788 0.7824 

 536 

When we use EMS as an independent variable, the results of Deng GRG models show that 537 

EMS is strongly associated with CO2 emissions with a weight of 0.9788. The second variable is 538 

GHG emissions (0.9424), which indicates the effectiveness of EMS in addressing environmental 539 

issues in Pakistan. Renewable energy also shares a significant relationship with EMS (0.8975), 540 

and PM 2.5 has a comparably weak relationship with EMS (0.6392) in Pakistan. The details are 541 

given in Table 5. The results of SSRG place CO2 emissions first, followed by GHG emissions and 542 

renewable energy consumption. Our findings for EMS affecting renewable energy are similar to 543 

the results of (Bellakhal et al., 2019; Horbach and Rennings, 2008). The absolute GRG shows that 544 

EMS effectively lowers air pollutants, and the PM 2.5 value is 0.6307. However, Deng GRG and 545 

SSGRG models show that EMS (ISO 14001) shares a more significant relationship with CO2 and 546 

GHG emissions. These outcomes align with the findings of (Muhammad et al., 2020), who also 547 

show in their analysis that ISO 14001 lowers CO2 and GHG emissions. Organizations in Pakistan 548 

tend to employ EMS (ISO 14001) to improve environmental performance, but the number of 549 

organizations adopting ISO certifications is not promising (Muhammad Ikram et al., 2020). 550 

Table 6: Grey Relational assessment for Population  551 

Indicators Absolute GRG Deng GRG SSGRG 

GHG Emission from 
Energy 0.5201 0.5003 0.5602 

Renewable energy 
consumption 0.6868 0.8204 0.7036 
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Mortality from exposure 
to pm 2.5 0.5158 0.5866 0.6012 

CO₂ emissions 0.6981 0.7601 0.7241 

 552 

Table 6 presents the relationship between population growth and GHG emissions, 553 

renewable energy, PM 2.5, and CO2 emissions in Pakistan. Absolute GRG, Deng GRG, and 554 

SSGRG indicate that Pakistan's population growth is somehow responsible for CO2 emissions as 555 

humans are natural emitters of CO2 (Naqvi and Rehm, 2014). The positive association between 556 

CO2 emissions and population growth is backed by the results of (Naqvi and Rehm, 2014), who 557 

found a positive correlation between population and CO2 emissions (Abid et al., 2020). 558 

Population growth does not share a substantial relationship with GHGs and PM 2.5 in 559 

Pakistan. The second significant factor that is related to population growth is renewable energy 560 

consumption in Pakistan for all three GRA models. The reason behind this factor is the awareness 561 

regarding environmental protection among the people. The study of Vo & Anh (2021) also verified 562 

this result and asserted that the population needs energy; as the population grow, so does its energy 563 

consumption. With rising awareness of the consequences of fossil fuel energy consumption, people 564 

tend to demand energy produced through clean energy sources. The relationship between 565 

renewable energy and population is also explained by Avtar et al. (2019), who stated that the 566 

population exerts pressure on domestic authorities to use alternative energy sources in the country. 567 

Therefore, a change in population is also subject to a change in the proportion of energy 568 

consumption from renewable energy sources.  569 

 570 
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 571 

Figure 6: GRA based evaluation of technological Innovation and Green Growth 572 

Table 7: Grey Assessment Ranking of technological innovation, EMS, energy, population, 573 

and green growth 574 

Indicators Grey Relational Model Ranking 

Research and 
Development 
expenditure 

Absolute GRG 
 

Deng’s GRG 
 

SS GRG 

CO₂ emissions > Mortality from exposure to pm 2.5> 
Renewable energy consumption > GHG Emission 
Mortality from exposure to pm 2.5> CO₂ emission > 
Renewable energy consumption > GHG Emission 
CO₂ emissions > Voice and Accountability> Mortality 
from exposure to pm 2.5> Renewable energy 
consumption > GHG Emission 
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Patent applications 
 

Absolute GRG 
 
 

Deng’s GRG 
 

SS GRG 

CO₂ emissions > Mortality from exposure to pm 2.5> 
Renewable energy consumption > GHG Emission 
CO₂ emissions > Mortality from exposure to pm 2.5> 
Renewable energy consumption > GHG Emission 
CO₂ emissions > Mortality from exposure to pm 2.5> 
Renewable energy consumption > GHG Emission 

Energy 
consumption 

Absolute GRG 
 

Deng’s GRG 
 

SS GRG 

Mortality from exposure to pm 2.5> CO₂ emissions > 
Renewable energy consumption > GHG Emission 
CO₂ emissions > Mortality from exposure to pm 2.5> 
Renewable energy consumption > GHG Emission 
CO₂ emissions > Mortality from exposure to pm 2.5> 
Renewable energy consumption > GHG Emission 

EMS Absolute GRG 
 

Deng’s GRG 
 

SS GRG 
 

Mortality from exposure to pm 2.5> CO₂ emissions > GHG 
Emission > Renewable energy consumption 
CO₂ emissions > GHG Emission > Renewable energy 
consumption > Mortality from exposure to pm 2.5 
CO₂ emissions > GHG Emission > Renewable energy 
consumption > Mortality from exposure to pm 2.5 

Population growth Absolute GRG 
 

Deng’s GRG 
 

SS GRG 

CO₂ emissions > Renewable energy consumption > GHG 
Emission > Mortality from exposure to pm 2.5 
Renewable energy consumption > Mortality from exposure 
to pm 2.5> CO₂ emissions > GHG Emission 
CO₂ emissions > Renewable energy consumption > GHG 
Emission > Mortality from exposure to pm 2.5 

   

Table 8: Description of goal and decision parameters  575 

Goal Measuring Grey Relation (Association) between technological innovation, 
population growth, renewable energy, environmental management systems, 
and green growth in Pakistan 

State of Nature/Criteria 
(Pj), 
P = 1, 2…., k 

Patent applications are positively related to green growth. (P1) 
R&D is positively related to green growth (P2) 
EMSs are positively associated with green growth (P3) 
Energy consumption is negatively related to green growth (P4) 
Population growth is negatively related to green growth (P5) 

Alternative Actions (Si), 
S=1, 2…, m 

Grey Relation was superior in GHG emission (S1) 
Grey Relation was superior in Renewable Energy Consumption (S2) 
Grey Relation was superior in mortality from exposure to pm 2.5 (S3) 
Grey Relation was superior in annual CO₂ emissions (S4) 

  

P=5, n=8, outcome = v ( ,  ), where i = 1, 2, 3 and j = 1, 2, 3, 4, 5….8. , ,  and  576 

show the GRA of technological innovation, energy, environmental management systems, 577 

population growth with green growth in Pakistan. The SSDGRA (second synthetic degree of the 578 

grey relation-based matrix) is presented in Table 7, which unfolds the relationship between the 579 

study factors to arrange the variables and conclude the criteria response. Then a decision-making 580 

!" !" !! !! !! !!
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model is applied to evaluate the impact of technological innovation, energy, environmental 581 

management systems, and population growth on green growth in Pakistan, and it is presented in 582 

Table 8.  583 

Table 9: SSGRG criteria-based matrix 584 

SSGRG P1 P2 P3 P4 P5 

S# 0.6049 0.6026 0.4945 0.5602 0.7797 

S$ 0.7092 0.6921 0.6923 0.7036 0.7523 

S% 0.8537 0.77462 0.7658 0.6012 0.6850 

S& 0.8561 0.8013 0.7821 0.6241 0.6440 

 585 

Finally, we applied the Conservative (maximin) model (Ikram, Zhou, Shah, & Liu, 2019) to 586 

obtain the optimal solution among all variables for green growth development in Pakistan based 587 

on the SSGRG values presented in Table 9. The conservative model shows the following optimal 588 

solution: 589 

 (Patent Application) 590 

This paper has investigated Pakistan's technological innovation, energy, EMS, population, and 591 

economic growth in a multiframework. The study has separately analyzed the potential influence 592 

of individual independent variables on dependent variables.  Figure 7 shows that patent 593 

applications, among all variables, have a significant impact on green growth in Pakistan. Over the 594 

years, patent applications have been used as drivers for economic growth. Patent applications can 595 

drive sustainability in a country and help abate the environmental crisis (Nitta, 2005). Patent 596 

applications are a key indicator of technological innovation (Aghion et al., 2005), help promote 597 
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renewable energy technology and consumption (Popp, 2012), which lower GHGs and other 598 

harmful emissions (Johnstone et al., 2010).  599 

 600 

Figure 7: Conservative (Maximin) based evaluation of technological innovation and green growth 601 

5. Conclusion and Policy Implications 602 

5.1 Conclusion 603 

Green growth is pervasive in attaining sustainable development in a country. This paper has 604 

explored the dynamic linkage between technological innovation, EMS (seen as a green form of 605 

organizational innovation), environmental challenges (namely, energy consumption and 606 

population growth), and green growth in the context of Pakistan by using a novel advanced 607 

mathematical GRA modeling approach.  608 
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Pakistan is a developing country facing acute energy and environmental crisis that needs to be 609 

addressed. Despite the excellent potential for renewables, Pakistan has been utilizing fossil fuels 610 

combined with traditional technologies to meet the country's economic and social demands. Our 611 

results indicate that technological innovation (Patent applications and R&D) are core elements that 612 

help develop green growth in Pakistan. R&D and Patent applications are efficient in lowering CO2 613 

emissions, PM 2.5, and GHG emissions and in promoting renewable energy consumption. 614 

Technological innovation helps a country transition from traditional technology to green 615 

technology, thus improving environmental performance and boosting production, operation, and 616 

process efficiency.  617 

The relationship between energy and green growth shows that energy consumption in factories 618 

is a significant cause of the high CO2 emissions in Pakistan but not directly linked to other GHG 619 

emissions in the country. Pakistan is an agricultural country, and other GHG emissions (more than 620 

70%) come from the agricultural sector (Hussain et al., 2019). Energy consumption is also 621 

responsible for PM 2.5, an air pollutant having a direct impact on human health. Energy 622 

consumption, however, does not exhibit any strong relationship with renewable energy in the 623 

country. Although the government has launched initiatives to promote renewable energy on an 624 

industrial scale, fossil fuels are still the top choice, which calls for a change in the whole system.  625 

The government must support renewable energy sources and reduce taxes to help industries 626 

transition from conventional to alternative energy sources. When we examine the relationship 627 

between EMS and green growth, the results show a significant relationship between EMS and CO2, 628 

renewable energy. EMS helps reduce CO2 and GHG emissions. EMS shares a significant positive 629 

relationship with renewable energy, postulating policy implications for Pakistan to implement 630 

EMS in order to increase environmental performance. Population growth, however, does not have 631 
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a meaningful impact on green growth. Despite the existence of an association between the 632 

variables, this relationship is not very strong. Results indicate that an increase in population 633 

actually causes an increase in CO2 emissions in Pakistan. The second association was observed 634 

between population and renewable energy, which implies that in raising social awareness of 635 

environmental protection and preservation, people put pressure on the authorities to protect the 636 

environment. 637 

5.2 Policy Implications 638 

Our study offers the following policy implications for stakeholders. First, the government’s 639 

budget for R&D is not competitive when compared to neighboring developing counties. The 640 

Pakistani government must allocate a sufficient budget to R&D as this will help the country boost 641 

its technological innovation. The number of national patent applications is also significantly low 642 

(The World Bank, 2018), which requires substantial efforts from the government and an effective 643 

policy to support locals who want to excel in the technology domain to improve and increase the 644 

number of patent applications. The procedure and budget will help local businessmen, 645 

technologists, SMEs develop and employ local technology to produce energy from renewables. 646 

Technological innovation reduces CO2 and other emissions and promotes renewable resources and 647 

technology to meet national economic demands.  648 

Second, developing countries rely on fossil fuels to meet energy and production demands. 649 

It is not easy for a country like Pakistan to shift its industrial operations from fossil fuels to 650 

renewables. It requires massive investment in machinery and resource transition. Industries need 651 

support to change their operational functions or import technology or technicians in the early 652 

stages. The government of Pakistan must take steps to support industries to shift their operations 653 

from fossil fuels to renewables, as Pakistan has sufficient renewable potential. The government 654 
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must attract foreign investors and technology leaders to invest in technological infrastructure and 655 

businesses in Pakistan. The goal cannot be achieved by politics alone; substantial efforts, plans, 656 

and programs are needed to show the world what this country has to offer, and imports and local 657 

taxes should be reduced to support FDI and local industries.  658 

Third, Environmental management systems support green growth progress, but the number 659 

of environmental management systems in Pakistan is not promising. State and provincial 660 

authorities need to raise awareness of the importance of EMSs within organizations. Pakistan has 661 

laws to protect the environment. The government should merge these laws with awareness 662 

programs to show the need to adopt environmental management systems in order to protect the 663 

environment. Fourth, as a developing country with tight job market and competitive opportunities, 664 

it must control the population growth with the help of all levels of government hierarchy.  665 

This study is not without limitations. Since the authors focused on macro-level state factors 666 

and variables to track green growth development, the effects of the micro-level sample covering 667 

provincial progress towards green growth and organizational level impact have therefore been 668 

ignored. Besides technological innovation and environmental challenges, other factors accelerate 669 

or hinder green growth development. Therefore, future researchers may consider exploring foreign 670 

direct investment, corporate social responsibility, and the institutional relationship with green 671 

growth in Pakistan by using advanced econometric techniques at the micro and macro levels. In 672 

multiple frameworks, it is hard to include all green growth indicators in one study, so future 673 

researchers may explore the dimensions of green growth at the organizational level with a detailed 674 

review of Pakistan’s circumstances.  Green growth is an opportunity to achieve prolonged 675 

sustainable development in economic, social, and environmental structures.  Hence, an academic 676 
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from a different field should explore the phenomenon to help the country move forward in a 677 

sustainable direction. 678 
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