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ABSTRACT

This paper examines the challenges of sustainable development in Pakistan, focusing on the environmental impacts of green technology
adoption and economic growth. As Pakistan seeks to balance development goals with ecological responsibility, green technologies present both
an opportunity and a challenge. On one hand, these technologies promise a reduction in carbon emissions and resource consumption,
contributing to a more sustainable economy. On the other, rapid economic growth fueled by green technology can lead to unintended
environmental consequences, such as increased resource demand, waste generation, and land degradation. This study investigates the
complex relationship between green technology and economic expansion, analyzing whether these initiatives genuinely promote
environmental sustainability or if they inadvertently exacerbate ecological pressures. The research draws on case studies, policy analysis, and
environmental data from Pakistan to assess the effectiveness of current green technology implementations. Additionally, it explores the
challenges Pakistan faces in aligning economic growth with environmental conservation, including limitations in regulatory frameworks,
financial constraints, and lack of awareness. The findings aim to provide valuable insights for policymakers, suggesting strategies to improve
sustainable practices and ensure that economic progress aligns with Pakistan's environmental goals, ultimately fostering a sustainable

development pathway for the nation.

Keywords: Sustainable Development, Green Technology, Environmental Impact, Economic Growth, Pakistan, Renewable Energy, Environmental
Sustainability
Introduction and Background of the Study

Finding a way to balance economic growth with environmental protection is a key aspect of sustainable development, which has attracted
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much attention around the world. Sustainable development, as defined by the Brundtland Commission, is taking care of current needs without
jeopardizing future generations' capacity to do the same (WCED, 1987). In developing nations like Pakistan, where economic growth is
frequently valued more than environmental sustainability, this approach poses particular obstacles, despite its international recognition.
Agriculture, manufacturing, and textiles are examples of energy-intensive businesses that have historically contributed to Pakistan's economic
growth. Nevertheless, these sectors have had a major role in deforestation, water and air pollution, and emissions of greenhouse gases, as
pointed out by Bhutto, Bazmi, and Zahedi (2012). It is suggested that the said problems can be addressed through the use of “Green
Technology which encompasses technologies that aim at minimizing negative effects of technology in the natural world. As part of its National
Climate Change Policy, Pakistan has incorporated discussions of renewable energy, such as solar, wind, and hydropower, in the discussions of
its policy (Government of Pakistan, 2012).

However, there are some barriers to the adoption of such technologies, including high initial costs, unsuitable complementary
resources, and a scarcity of skilled personnel. In several research studies, emphasis has been placed on the potential benefits of
environmentally sustainable technology in emergent countries. Yousaf et al. (2017) post that the implementation of renewable energy
technologies in practice can, in fact, reduce effects on the environment, create job opportunities, and boost economies. However, they caution
that present inequalities in socioeconomic status can be exacerbated if the benefits of such technologies are not shared appropriately because
of inadequate mechanisms of governance. Much has been written about the so-called Environmental Kuznets Curve (EKC) hypothesis that links
economic growth to environmental degradation. The Grossman-Kruger hypothesis affirms that in the process of economic development,
environmental degradation increases in the first stage and then declines in the second stage (Grossman & Krueger, 1991). For Pakistan, we

have mixed findings. As much as economic development has improved the standard of living, it has also amplified environmental issues caused
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by the ineffectual use of energy and relaxed pollution policies, as stated by Ali, Yaseen, and Saeed (2020). Green technology has many claims,
but not all academics are certain it can help Pakistan with its sustainability crisis.

Green technologies, according to Malik, Raza, and Malik (2021), can have unforeseen effects on the environment, even though they are
intended to be environmentally benign. Large wind and solar farms, for example, can upset the local ecology and require a lot of space.
Additionally, renewable energy sources such as solar panels and wind turbines have a rather big carbon footprint at the stage of their
production. Not only the case of utilizing green technology, Zaman and Lehmann (2013) also argued that a multisector strategy toward
sustainable development is required. People and organizations believe that higher environmental standards, which call for long-term
sustainability rather than short-term profit motivation, need to be enacted, and adjustment in the sociological perspective and the paradigm
of consumption patterns is needed. To ensure that the integration of green technologies does not emerge as an economic growth strategy that
compromises ecological health in Pakistan, there is a need for Pakistan to undertake reform regarding policies, energy pricing, and
environmental laws.

As admitted by the government and other parties, the introduction of green technology is now critical for Pakistan to deal with its
environmental challenges. Unfortunately, due to the costs and physical restrictions potentially tied with scaling for a diverse number of users,
its use is still somewhat limited. To meet the growing energy demands in Pakistan and environmental degradation, wind and solar power
projects have been identified as crucial Ackerman (2014) as supported by Ahmed and Qadir (2020). However, they argue that such concepts do
not work because they lack adequate funding, outdated legal statutes, and appropriate expertise. Moreover, such projects are often quite
unpopular in the region by people due to the environmental issues and the issues with obtaining the land for the projects, especially if the area

is rural. The problem is then made much worse by the fact that the country depends on fossil fuels. Earnings from oil and gas are still labeled
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as a figure of more than 60% of the total energy consumption of Pakistan (Saeed et al., 2019).

Even while hydropower and other renewables make a big dent in total energy output, burning fossil fuels leaves an ever-increasing
carbon footprint. The study's authors contend that renewable energy sources like solar and wind power are not yet cost-competitive with
Pakistan's more conventional fossil fuels, despite the fact that they are cleaner. In Pakistan, the relationship between economic growth and
environmental damage can be better understood by using the Environmental Kuznets Curve (EKC) theory. Shahbaz, Solarin, and Ozturk (2016)
found that economic progress in Pakistan initially causes environmental damage, lending credence to the EKC hypothesis in this particular
setting. However, environmental quality may start to improve if the country reaches a particular income level. The success of the
government's environmental laws and regulations in encouraging green technologies and discouraging unsustainable industrial practices will
determine the extent to which this shift is possible. Poverty and inequality are socioeconomic issues that exacerbate Pakistan's already difficult
task of reconciling economic development with environmental sustainability. There is a significant geographical and socioeconomic gap in the
distribution of green technology's advantages, say Abbas, Nawaz, and Ahmad (2021). Renewable energy projects and government subsidies
disproportionately benefit affluent metropolitan areas, leaving rural and marginalized groups vulnerable to environmental concerns without
any financial compensation. This calls into doubt the inclusiveness of Pakistan's sustainable development initiatives and deepens preexisting

disparities. How Climate change is impacting Pakistan can be seen in Table No. 1.

Impact Area Environmental Impact Economic Impact

Agriculture Soil degradation from | Agriculture is a  major

excessive pesticide/fertilizer | contributor to GDP
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use
Water scarcity and pollution

affecting crop yield

Employment  opportunities

for rural areas

Energy Production

Air and water pollution from
fossil fuels

Greenhouse gas emissions

Vital for industrial growth
and economic development

High demand for energy jobs

Industry & Manufacturing

Urbanization

Industrial waste pollutes air,

water, and soil.

Growth in  manufacturing

increases exports and GDP

Deforestation for resource | Job creation in industrial
extraction zones
Transportation Increased  pollution  (air, | Drives economic

water, noise)
Loss of biodiversity and green

spaces

development in cities
Job creation in construction,

services

Forestry & Biodiversity

Deforestation for agriculture

and urban expansion

Forest products contribute to

the economy
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Loss of biodiversity and | Ecotourism potential

habitats

Water Resources Essential for agriculture,
Water pollution and
industry
depletion from industrial and
Hydroelectric potential for
agricultural activities
the energy sector

Climate Change Increased risk of extreme
Economic losses from natural
weather events (floods,
disasters
droughts)
Increased spending on
Impact on agriculture and
climate adaptation
food security

Public Health Health expenses increase due
Pollution leads to respiratory | to pollution-related diseases
and waterborne diseases Loss of workforce

productivity

Table No 1
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Environmental and Economic Impact Ratings in Pakistan by Sector
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Here is a bar chart showing the hypothetical ratings for environmental and economic impacts across different sectors in Pakistan. The chart
helps visualize which sectors have higher environmental and economic impacts, aiding in understanding where sustainable policies might be
most beneficial

Economic Growth and Environmental Impacts

Environmental Impacts of Green Technology

Clean technology, or green technology, is technological progress with the dual goals of reducing the harmful effects of human activities on the
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environment and increasing their long-term viability. It includes things like energy-efficient systems, waste-reduction technologies, renewable
energy sources, and eco-friendly habits that help make the world a better place. Environmental degradation, resource loss, and climate change
are global crises that green technology has emerged as a critical weapon to combat. Examining the pros and cons of green technology, this
essay delves into the topic of environmental implications.

Reduction in Greenhouse Gas Emissions

Among many advantages of green technology, the most significant is a reduction of emissions of greenhouse gases (GHGs), the main
component of the cocktail that brings about global warming and climatic change. The aim of introducing renewable power sources is to reduce
mankind’s dependence on crude and fossil fuels and, therefore, their discharges to the atmosphere of carbon dioxide (CO,). Efficiency in the
energy sector largely depends on renewable energy technologies, which generate electricity without any emissions of greenhouse gases. For
instance, solar power is one of the most effective ways of reducing carbon emissions. Technological estimated figures reveal that solar PV
systems are capable of lowering CO, emissions per Mwh in the range of 1.6 — 2.5 as compared to the CO, emissions from potential power
plants constructed on the usage of coal state by the International Energy Agency (IEA) (2021). At the same time, wind has no emissions from
wind farms and is a minimal indirect carbon emitter while functional. Consequently, the use of these technologies has reduced emissions of
greener house gases, particularly in parishes transitioning from the use of coal and natural gas (Hossain, 2020). However, like all other
products of green technology, the production and disposal of green technology have its costs on the environment. Like solar panels, there are
severe elements such as lead and cadmium that might harm the environment if not well managed (Xu et al., 2020). The advantages of
renewable energy technologies for the environment outweigh the potential negatives that are associated with the production and end of life

of such technologies.
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Resource Conservation and Efficiency

Improved energy efficiency and the promotion of sustainable materials are two additional ways in which green technology supports resource
conservation. By lowering energy consumption, energy-saving appliances, smart thermostats, and light-emitting diode lights help preserve
natural resources and lessen the environmental toll of energy generation. U.S. Department of Energy (2021) reports that LED lights can outlast
incandescent bulbs by up to 25 times while using around 75% less energy. Both the demand for energy and the raw materials used to make
incandescent light bulbs go down as a result of this. Similarly, compared to cars powered by internal combustion engines, which use just 25-
30% of the energy stored in their batteries to move the car, electric vehicles (EVs) can use up to 85% of that energy (U.S. Environmental
Protection Agency, 2021). Because of this improvement in efficiency, less fossil fuel is needed, which helps preserve our limited supply of
natural resources. Sustainable materials such as bamboo, recycled metals, and salvaged wood are becoming more popular in the construction
sector as green building methods gain momentum. The goal of green building design is to create structures that are sustainable in every way:
in terms of energy, water, and the environment. Reducing energy consumption by 30%, water use by 50%, and CO, emissions by 35% are all
possible with green buildings, according to the World Green Building Council (2021). Green technology aids in lowering the environmental
impact of different sectors by encouraging the conservation and efficiency of resources.

Waste Reduction and Circular Economy

Management of waste includes recycling, reusing, and developing sustainable waste management technologies and methods through which
green technology reduces waste. In fact, many green technologies are its cornerstones since it is concerned with recycling while the latter is
concerned with reducing waste as well. The old economy that followed a linear model of designing products for one-time use is drastically

different from the new one. A lot of advancement has been made towards the reduction of the amount of waste that goes to the dump or
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environment through recycling equipment. These are bio-basic polymers, the developed waste sorting mechanisms, and e-waste recycling
procedures. For instance, technology for the recycling of E-waste has the potential to reduce the quest for new resources that can be retrieved
from old gadgets, such as precious metals and copper, among others (Sharma et al., 2019). More industries continue to implement the circular
economy, such as clothing, construction, and electronics. With textile waste still on the rise, the fashion industry has come up with new ideas,
including the use of biodegradable material and the recycling of textiles. Ellen MacArthur Foundation (2019) revealed that if fashion industry
trade conforms to the circular economy, the yearly world CO, emission can be reduced by 44 million tonnes. Green technologies are known to
minimize the use of waste, but it may prove a challenge to dump certain technologies such as wind turbines, solar panels, and batteries. Such
technologies are not permanent; instead, they turn into a solution that may spill dangerous chemicals into the environment if not disposed of
correctly. For example, Xu et al. (2020) predicted that solar panel abandonment will produce over 60 million tonnes of waste by 2050, which
raised people’s concerns about what to do with it.

Water Conservation and Pollution Reduction

This technology is also the solution in the management of water supply as well as the prevention of water pollution. Here are some
technologies: Water conservation technologies for intelligent watering, Water recycling at efficient treatment plants, and Water desalination
technologies. These include drought-friendly agriculture systems like smart irrigation systems that use rainfall sensors to control the watering
and humidity of fields. The research by the United Nations Food and Agriculture Organization FAO (2018) reflected that smart irrigation
systems could cut water use in the farming sector by as much as 30%, and therein comes the importance of the system in water-scarce areas.
In the industrial context, closed-loop water systems, advanced filtration technologies, and other concepts have been introduced in an effort to

control emissions of air contaminants as well as to reduce the utilization of freshwater supplies. These technologies are used in treating the
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wastewater and then recycling the wastewater for use in the manufacturing processes, thus requiring minimal freshwater abstraction. At the
same time, there is the minimal discharge of pollutants into water systems. Nonetheless, some of the green technologies, such as biofuels,
pose a threat to water resources. Gerbens-Leenes et al. (2012) pointed out that the production of biofuels using crops such as corn and
sugarcane would need a massive volume of water for irrigation. This factor could compound the water deficit in some areas across the globe.
As a result, while green technology is expected to support the tendency to save water, it can positively or negatively influence the water supply.
Biodiversity Protection and Habitat Preservation

Green technology can also aid in the preservation of ecosystems and biodiversity. In contrast to the mining and combustion of fossil fuels,
renewable energy sources like wind and solar power generate electricity without significantly destroying habitats or producing pollution.
Furthermore, endangered species are being protected, and degraded ecosystems are being restored through the deployment of green
technology solutions such as conservation monitoring systems, habitat restoration techniques, and reforestation drones. For example, drones
with seed dispersion technologies have been utilized to reforest regions that have been deforested. To aid in the restoration of damaged
habitats and the promotion of biodiversity, these drones can plant thousands of trees much more quickly than conventional methods could
(Barré, 2019). Similarly, conservation monitoring technologies are being utilized to track and safeguard endangered species from poaching and
habitat damage. These technologies include bioacoustics monitoring and satellite photography. Notwithstanding these benefits, biodiversity
may be unintentionally harmed by certain environmentally friendly technologies. For instance, there have been reports of bird and bat deaths
at large-scale wind farms as a result of turbine accidents. Concerns regarding the effects of wind energy development on wildlife have been

raised by studies that indicate certain bird species, especially raptors, are susceptible to collisions with wind turbines (Kuvlesky et al., 2007). To
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lessen these effects, preparing ahead and utilising technology that will not harm wildlife are essential. For example, bird detecting systems can
temporarily turn off turbines when birds are in the area.

Policy Implications for Sustainable Development in Pakistan

To address the challenges outlined above, Pakistan must adopt comprehensive policies that integrate environmental, economic, and social
dimensions of sustainable development. The following policy implications are essential for driving progress.

Climate Change Mitigation and Adaptation

Policymakers in Pakistan should give equal weight to adaptation and mitigation efforts because of the country's susceptibility to climate
change. Reducing carbon emissions should be the primary goal of mitigation strategies, which is why sustainable transportation, energy
efficiency, and renewable energy sources should receive substantial funding. The "Ten Billion Tree Tsunami" effort and increased investment in
solar and wind power are only a few examples of Pakistan's progress in this field (Government of Pakistan, 2021). However, stronger measures
are required to save ecosystems and end reliance on fossil fuels. The agricultural sector and water management, in particular, should be the
focal points of adaptation efforts aimed at increasing resistance to the effects of climate change. Investment in early warning systems for
natural catastrophes, better irrigation efficiency, and promotion of climate-smart farming practices are all part of this. Protecting livelihoods
and ensuring food security in the face of shifting weather patterns can be achieved by strengthening climate resilience.

Inclusive Economic Growth

The promotion of formal employment, the reduction of inequality, and the support of vulnerable groups are the three pillars upon which
inclusive economic growth rests. If we want to create long-term, well-paying jobs for all Americans, we must ensure that more people have

access to quality education and vocational training. Khan et al. (2020) add that social protection programs and labor market changes can help
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bring the informal economy into the formal sector, which in turn can increase job security and decrease economic vulnerability. Pakistan must
prioritize sustainable urban planning and infrastructure development in light of its fast urbanization. Investments in clean energy solutions for
cities, affordable housing, and public transportation are all part of this. Urban dwellers' quality of life and environmental preservation can be
enhanced by the implementation of laws that encourage sustainable land use, lessen traffic congestion, and minimize pollution (UN-Habitat,
2021). To address the social challenges of sustainable development, Pakistan must invest in social protection programs that support the
poorest and most vulnerable segments of the population. Expanding healthcare access, particularly in rural areas, and improving the quality of
public health services are crucial steps toward achieving better health outcomes and reducing inequalities.

Strengthening Institutions and Governance

Last but not least, sustainable development strategies cannot be implemented without strong institutions and good governance. The effective
implementation of sustainability efforts in Pakistan depends on resolving the country's governance issues, which include corruption,
inadequate regulatory frameworks, and a lack of capability to enforce policies. Sustainable development activities can gain trust and support
by making decision-making processes more transparent, accountable, and public-spirited (World Bank, 2019).

Conclusion

The political situation, ecological degradation, and economic disparities emerged as significant barriers to sustainable development in Pakistan.
On the other hand, the nation risks using these difficulties as opportunities to implement all-encompassing, comprehensive policies for
sustainability in all its forms. Pakistan might make significant improvements in the prospects of a better future in the case of sustainable
urbanization, social protection, inclusive economic growth, and climate resilience. Besides an indissoluble commitment to sustaining far-

reaching policy implementation on a stable basis and enhancing the quality of governance, such a vision presupposes common efforts by the
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corporate sector, civil society, and the government. Finally, green technology opens a chance to reduce the impact of environmental

deterioration in Pakistan. However, there are significant challenges that must be addressed in relation to the economic costs, the issue of

governance, and, most critically, the potential for various economic and environmental Blind Spots to emerge. The current literature also

shows that sustainable development aims at achieving economic growth and environmental protection and requires a combination of

strategies in view of the trade-offs that characterize sustainable development. Finally, the implementation of policies remains one of the

biggest challenges to Pakistan’s green technology environment. Faroog & Shakoor (2018) opine that there are ministrative constraints, and

therein, Incoherencies of the federal governing and disjointedness between Federal and provincial policies have fettered the impact of

Pakistan’s RE policy frameworks.
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