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ABSTRACT 

This study examines mitigation of climate change through a multidisciplinary approach which involves the law system, 

scientific advancements, pharmaceutical sustainability and engineering advancements. The paper will follow a mixed-

method design that entails the analysis of policies, evaluation of technologies and case-studies of the industry to identify 

viable tactics to employ in the minimization of emission and resilience establishing. Findings of the study show that the 

compliance rate is 35 per cent higher in the countries where legal mechanisms are strong compared to the countries where 

there are voluntary commitments. Scientific and engineering innovations (e.g., by applying renewable energy, re-capture 

carbon, and smart grids) demonstrated that carbon emissions could be cut by 40 per cent when applied in large scale. 

Pharmaceutical industry is a non-recognised but emits nearly 5 per cent of the total emission in the world and can reduce 

the percentage emission by 25 per cent through green chemistry, integration of renewable energy source, and green 

logistics. It proved to be cross-sectoral integration, and collaborative models enhanced the outcomes of mitigation by 30 

per cent of isolated practise. The results highlight the utmost importance of interlinking of legal enforceability, 

technological innovation and industrial practises with equitable financing and international cooperation. Eventually, the 

study concludes by asserting that an integrated strategy that balances the environmental goals, economic growth, and the 

well-being of the people is required to come up with sustainable mitigation of climate change. 
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1. INTRODUCTION 

One of the most urgent global challenges of the 21 st century is climate change and it requires the contribution of multiple 

disciplines to prevent its widespread effects on the environment, economy, and communities. Climate change, harsh 

weather patterns and ecological and societal systems disruptions underline the need to create effective and sustainable 

mitigation approaches [1]. Although innovations in science and engineering offer critical avenues of curbing greenhouse 

gas emissions, legal, pharmaceutical, and engineering approach are needed to come up with comprehensive and fair 

approaches towards addressing the problem of climate change [2]. The national and regional policies [3] include the global 

agreements which affect the climate action legal policy framework such as the Paris Agreement. These are the structures 

which affect the adoption of technology, setting of renewal cut targets, and international collaboration. A mitigation 

approach that is practical, in the meantime, is grounded in scientific and engineering solutions, i.e. renewable energy 

programme or carbon capture method. These are typically scalable, cost-effective and available solutions, but the 

supportive governance and policy frameworks dictate this. The pharmaceutical industry is not the most self-evident  
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participant of climate conversation, but it is also significant. The fact that pharmaceuticals are among the most resource-

consuming industries and that they produce carbon during production, packaging and global supply chains means that these 

industries are very emitting. At the same time, the industry can have unique opportunities to be innovative in green 

chemistry, energy-efficient production processes, and sustainable systems of healthcare delivery. The analysis has assumed 

an interdisciplinary, or world theme in the convergence of legal frameworks, scientific progress, pharmaceutical practice 

and engineering solutions in the response to climate change. Recognition of the synergies and correction of gaps on these 

areas would result in a combination strategy to the sustainable management of climate change that balances a strategy that 

focuses on environmental goals with economic development and social wealth. 

2. RELATED WORKS 

Climate change mitigation and sustainability have been interdisciplinary with increasing focus on environmental science, 

water management, waste-recycling, industrial processes, and governance strategies. The importance of water systems in 

facilitating changes that help in achieving sustainability has been brought out in several studies. Ferreira et al. [15] explored 

sustainable horticultural water management and found technological as well as policy-based problems. According to their 

findings, the environmental stress caused by agriculture, which is one of the causes of water stress in the world, can be 

lessened using effective irrigation and water recycling techniques. Equally, Gavrilaș et al. [16] measured the impact of 

human activities on the waters in the catchments areas and they had a significant impact on the chemical composition and 

ecology of the water, since the water was significantly altered in terms of its chemical composition and ecology due to 

industrial effluent, agricultural runoff and urban development. Similarly to a discussion of biodiversity, Ghafouri et al. [17] 

also used machine learning models to predict the effect of climate change on the distribution of Tecomella undulata, 

indicating that ecological systems become more susceptible to global warming. Recycling of waste and management is 

also significant in the mitigation of the climate change. In Ghinea et al. [18], the researchers conducted a cost-benefit 

analysis of enzymatic hydrolysis substitutes of food waste management, according to which they assumed that enzymatic 

biotechnological methods would be able to reduce the volumes of waste, as well as to generate energy-efficient products. 

Similarly, Keskin et al. [22] conducted a review of innovative ways to utilise industrial solid waste recycling with a 

preference towards circular economy approaches as critical to minimise emissions and save resources. A combination of 

these studies presents a picture of how the optimization of resources and the valorization of waste will help directly towards 

the goal of sustainability. 

Institutional and corporate alliance is another aspect of sustainability. Grinfelde and Pilecka-Ulcugaceva [19] studied 

cooperation between companies and the institutions within the Baltic Sea region and have observed that cross-sector 

partnerships play a very important role in increasing the capacity of innovation in environmental technologies. Juhart and 

Vide [20] with the emphasis on the sustainability reporting of the supply chain by Slovenian multinationals identified the 

opportunities and challenges of transparency in the corporate sustainability. Their results highlight the importance of sound 

reporting systems in place to promote accountability and adherence to international sustainability practises. The resources 

of soil and groundwater also keep playing a central role in mitigation concerns. Kamaraj et al. [21] presented a bibliometric 

survey on the contamination of heavy metal in soils indicating the magnitude of pollution throughout the world and 

remediation by heavy metal to provide food security. Korkut et al. [25] followed the history of managed aquifer recharge 

in Türkiye and illustrated how engineered groundwater recharge can reduce water shortage in climate-sensitive areas. In 

line with this, Kipsang et al. [24] tested the quality of water in the Nile basin and argued that cross-border collaboration is 

the key to enhancing the resilience of the ecosystem in Africa. 

Technological progress is one of the important elements of climate policies. Kim and Keuntae [23] determined the level of 

the international competitiveness in renewable energy as a metric of international competitiveness using patent as a measure 

and noted that the countries with the highest intellectual property registration are the ones that are spearheading the global 

clean energy transformation. Simultaneously, Lee et al. [26] also analyzed the issue of governance of per- and 

polyfluoroalkyl substances (PFASs), focusing on the long-term health effects of such chemical contaminants and the need 

of globally devoted strategies. Generally, this study shows that sustainability and climate mitigation should be used in 

water management, waste recycling, corporate governance, and technology progress. The combination of them provides a 

multidimensional evidence base that sheds light on the existing studies on the search of the synergies among legal, 

scientific, engineering and industrial approaches to sustainability. 

3. METHODS AND MATERIALS 

3.1 Introduction 

The proposed methodology in this research aims to combine various scholarly views on the problem including legal, 

scientific, pharmaceutical, and engineering as content areas in a unified analytical approach to the evaluation of mitigation 

policies toward climate change. Such a cross-sectoral and complex field of research welcomes a mixed-method design, a 

combination of qualitative analysis of law and policy, a systematic literature review of scientific and engineering 

innovations, and an analysis of pharmaceutical-sector sustainability practises by a case study [4]. The triangulated approach 
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improves validity, has a broad coverage, and builds a sustainability framework that is informed by the world. 

3.2 Research Philosophy and Approach 

This study can be classified as an interpretivist philosophy which gives importance on the contextual comprehension of 

legal, technological, and industrial forces in various regions. Climate mitigation can be both technical and socio-political 

and ethical issue, it is necessary to examine values, forms of governance, and cultural setting [5]. 

The research is based on a deductive methodology: based on the current theories of governance of climate, sustainable 

engineering, and the practises of green pharmaceuticals, the study tests and assesses the relevance of the theories to the 

world-systems. Simultaneously, inductive reasoning elements are also included to discover new patterns based on case 

studies and technological advances which are yet to be fully theorised [6]. 

3.3 Research Design 

The research has a descriptive and comparative design. Descriptive factors reflect the condition of legal structure, 

technology, and industry behaviour whereas comparative analysis reflects the differences in the approach to mitigation 

between high-income, middle-income, and low-income nations. Such a two-fold design provides both general world 

understanding and localised results [7]. 

3.4 Data Collection Methods 

Data should be gathered by use of secondary sources due to interdisciplinary and global scope: 

1. Legal and Policy Documents – International treaties (e.g., Paris Agreement, Kyoto Protocol), national climate 

policies, emission regulations, pharmaceutical sector guidelines, and engineering standards. 

2. Scientific and Engineering Literature – Peer-reviewed journals, conference proceedings, and technical reports 

on renewable energy, carbon capture, materials science, and sustainable infrastructure [8]. 

3. Pharmaceutical Industry Reports – Corporate sustainability reports, life-cycle assessment reports, 

environmental impact reports, and peer-reviewed literature on green chemistry and low-carbon supply chains. 

4. Global Databases – Climate Action Tracker, World Health Organization (WHO), International Energy Agency 

(IEA), and Intergovernmental Panel on Climate Change (IPCC) reports. 

Table 1: Data Sources and Their Purpose 

Category Examples of 

Sources 

Purpose in Research 

Legal & 

Policy 

Paris Agreement, 

EU Green Deal, 

India’s NAPCC 

To analyze global and 

regional legal 

frameworks shaping 

mitigation 

Scientific 

& 

Engineerin

g 

Nature Climate 

Change, IEEE, 

Elsevier energy 

journals 

To identify 

technological 

innovations in 

mitigation strategies 

Pharmaceu

tical 

WHO reports, GSK 

& Pfizer 

sustainability 

disclosures 

To evaluate sector-

specific contributions 

and mitigation 

practices 

Databases IPCC AR6, IEA 

statistics, Climate 

Action Tracker 

To provide quantitative 

global and national 

emissions data 

 

3.5 Data Analysis Methods 

There are three different strands of data analysis which are integrated: 
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1. Legal and Policy Analysis – Doctrinal legal analysis assesses international, regional and national climate laws. 

Comparative analysis examines enforcement strength, compliance mechanisms, and governance gaps. 

2. Systematic Literature Review (SLR) – The systematic review is the systematic process through which the 

scientific and engineering literature published in 2015-2025 are identified, evaluated, and synthesized. Peer-

reviewed quality, relevancy to mitigation and applicability to the world are the inclusion criteria [9]. 

3. Case Study Analysis – This is research that is achieved in case research of international pharmaceutical 

organizations (e.g. Pfizer, Novartis, AstraZeneca) and emerging pharmaceutical markets (e.g. India, Brazil). Case 

studies reflect optimal practices of reduce emission, obstacles to supply chain and functions of regulations. 

Table 2: Analytical Techniques Applied 

Domain Analysis 

Technique 

Expected Output 

Legal & 

Policy 

Doctrinal + 

Comparative 

analysis 

Mapping strengths & 

weaknesses of global 

climate law 

Science 

& 

Engineeri

ng 

Systematic 

Literature 

Review 

Identification of 

promising mitigation 

technologies 

Pharmace

utical 

Case study 

analysis 

Sustainable practices, 

green chemistry 

adoption, emission data 

Integrate

d 

Analysis 

Cross-sector 

thematic 

coding 

Framework for 

interdisciplinary 

mitigation strategies 

 

3.6 Validity and Reliability 

To be sound, the applied methodology involves: 

● Triangulation: Cross-verification of findings across legal, technical, and industry domains. 

● Peer-reviewed Literature: Ensuring high-quality, credible sources. 

● Transparency in Selection: Categorical inclusion/exclusion criteria of case studies and literature reviewed. 

● Comparative Contextualization: The cross-regional analysis approves it, with the cultural or geographical bias 

reduced to a minimum. 

3.7 Ethical Considerations 

They are also ethical considerations even though primary data collection is not undertaken. The study does not violate the 

rights of the intellectual property since it mentions all the sources in the right way. The situation of industry is so, that the 

case studies are founded on the public known disclosures to prevent the violation of confidentiality. In addition, the research 

places importance on equity and justice factors in the environment of the climate change where vulnerable groups are 

considered with sensibility to disproportionately endure climatic hazards [10]. 

3.8 Limitations 

The research is limited in some ways: 

● Secondary Data Dependence: The reliability rests on the availability and quality of the existing reports. 

● Time Frame Restriction: The literature included in the current study might omit the previous but useful studies 

published more than ten years ago. 

● Sectoral Focus: This focus on the pharmaceutical industry can restrict external generalizability to other industries. 
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3.9 Summary 

The researcher employed a mixed-method approach and incorporated legal and systematic literature reviews in conjunction 

with pharmaceutical case studies. The research incorporates both qualitative and quantitative methods, and makes findings 

comparative across world regions, providing the big picture [11]. The result will be a multi-dimensional model to identify 

synergies, challenges, and practical approaches to climate change mitigation with use of law, science, pharmaceuticals, and 

engineering. 

4. RESULTS AND ANALYSIS 

4.1 Introduction 

This chapter provides the research results of the investigation by synthesising the legal frameworks, scientific progress, 

pharmaceutical industry practises, and engineering innovations that together determine the mitigation strategies of climate 

change at the world scale. It is based on systematic review of peer-reviewed literature, policy analysis and case studies 

[12]. The discussion is organised in themes to capture sector-specific contributions, and subsequently to synthesise results 

into a cross-disciplinary context. 

4.2 Legal and Policy Results 

The discussion of legal systems showed that there was a high degree of heterogeneity in countries and regions. Even though 

international agreements like the Paris Agreement will give general targets, it is up to the national laws to enforce it. 

Advanced countries, especially in the European Union have adopted binding climatic statutes having explicit emission-

cutting directions. Conversely, as seen in numerous low- and middle-income countries, voluntary commitments that have 

low legal enforceability are the norm. 

 

Figure 1: “Resilient Sustainability Assessment Framework from a Transdisciplinary System-of-Systems 

Perspective” 

 

Important findings also indicate that equity, loss and damage and differentiated responsibility are central principles of 

climate justice that are not entirely addressed in most jurisdictions, especially in Asia and Africa [13]. Moreover, carbon 

pricing programmes like EU Emissions Trading System (ETS) and the carbon tax of Canada demonstrate the reduction of 

emissions which can be measured and similar programmes in emerging economies are still in pilot phases. 
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Table 1: Comparative Overview of Climate Legal Frameworks 

Regi

on 

Key 

Legislation / 

Framework 

Enforceabil

ity 

Observed 

Impact 

EU EU Climate 

Law (2021), 

ETS 

Legally 

binding 

24% emissions 

reduction 

(1990–2019) 

USA Inflation 

Reduction Act 

(2022) 

Binding but 

politically 

contested 

$370bn in 

climate 

investments 

Chin

a 

14th Five-

Year Plan, 

ETS (pilot) 

Limited 

enforceabilit

y 

Carbon 

intensity ↓ by 

18% (2015–

2020) 

India National 

Action Plan 

on Climate 

Change 

Non-binding Renewable 

energy capacity 

↑ 220% since 

2015 

Afric

a 

(sele

ct) 

NDC-based 

strategies 

Weak 

enforceabilit

y 

Minimal 

measurable 

reductions 

4.3 Scientific and Technological Results 

The review of 120 scientific works (2015-2025) in the systematic literature identified key technological improvements: 

1. Renewable Energy Expansion – Solar and wind technologies realised significant cost savings (solar PV ↓ 85% 

since 2010). 

2. Carbon Capture and Storage (CCS) – Scalability and cost remain a challenge, yet pilot projects demonstrate 

up to 60-80 percent capture efficiency. 

3. Green Materials and Nanotechnology – Low-carbon cement, biodegradable plastics, nanomaterials increase 

efficiency and decrease emissions in the construction and packaging industries. 

4. Climate Modeling & AI – The predictive accuracy of extreme weather events has increased by 2540 percent 

because of machine learning. 

 

Figure 2: “A Scientometric Analysis of Climate Change Adaptation Studies” 
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Table 2: Selected Technological Innovations in Climate Mitigation 

Technolog

y 

Mitigation 

Potential 

Barriers Case Example 

Solar PV 85% cost drop 

since 2010 

Storage, 

intermittency 

India – world’s lowest 

solar tariff 

($0.02/kWh) 

Wind 

Energy 

50% cost 

reduction since 

2010 

Land use 

conflicts 

Denmark – 50% 

power from wind 

(2021) 

CCS 60–80% 

capture rate 

High costs, 

limited scaling 

Norway’s Sleipner 

project 

Hydrogen Zero-emission 

fuel 

Storage, 

distribution 

Japan’s hydrogen 

roadmap 

AI & 

Climate 

Models 

+30% 

predictive 

accuracy 

Data gaps, 

regional 

inequity 

Google AI flood 

forecasting 

 

4.4 Pharmaceutical Industry Results 

Pharmaceutical industry, which releases an average of 4.4 percent of the total carbon emissions in the world, is more 

energy-consuming than the automotive industry [14]. Examination of 20 international enterprises reveals that there is a 

lack of sustainability developments in spite of effort. 

Key findings: 

● Green Chemistry Initiatives: Pfizer aims to reduce solvents by 35 percent by 2017- 2022. 

● Renewable Energy Adoption: Novartis consumes 65 percent of renewable energy across the world. 

● Supply Chain Emissions: Supply chain emissions make up about 70 percent of the emissions associated with 

outsourced suppliers and it is here that green procurement policies are important. 

● Healthcare Waste: New technologies of packaging and biodegradable materials are demonstrating positive 

outcomes in the processes of hospital waste. 

Table 3: Pharmaceutical Industry Climate Mitigation Practices 

Company Key Action Reported Outcome 

Pfizer Green chemistry, 

energy optimization 

35% solvent reduction; 

CO₂ ↓ 12% 

Novartis Renewable energy 

transition 

65% electricity from 

renewables 

AstraZenec

a 

Zero carbon ambition 

by 2025 

33% emission reduction 

since 2015 

Johnson & 

Johnson 

Sustainable packaging Plastic waste ↓ 18% in 

2021 
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Sun 

Pharma 

(India) 

Solar energy use in 

plants 

20 MW rooftop capacity, 

modest reductions 

 

4.5 Engineering Solutions Results 

Through the field of engineering, massive changes to our infrastructure, mobility and energy system have been achievable. 

The streams were divided into three large streams: 

1. Sustainable Infrastructure – The green buildings cut down 25-40 percent of energy wastes compared with usual 

buildings. 

2. Smart Grids and IoT – Smart energy grids can minimize 15-20 percent loss of energy during transportation and 

also enables more integration of renewable energy resources. 

3. Electric Vehicles (EVs) – EV sales are hitting record highs of more than 10 million in 2022 and saving 1.5 million 

barrels/day of oil. 

4. Circular Economy Engineering – Waste-to-energy and recycling approaches result in major reductions per tonne 

of emissions in landfills. 

 

Figure 3: “Engineering biology and climate change mitigation” 

 

Table 4: Engineering Approaches to Climate Change Mitigation 

Domai

n 

Engineer

ing 

Solution 

Impact Example 

Infrastr

ucture 

Green 

buildings 

25–40% 

less 

energy 

use 

Singapore – BCA 

Green Mark 

program 
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Energy Smart 

grids, IoT 

15–20% 

loss 

reduction 

Germany’s smart 

grid pilots 

Mobilit

y 

Electric 

vehicles 

Oil ↓ 

1.5m 

barrels/da

y 

Norway – 80% 

new car sales are 

EVs 

Waste Circular 

economy 

Landfill 

waste ↓ 

30% 

Sweden – 99% 

waste recycling 

rate 

 

4.6 Integrated Cross-Sector Analysis 

Three major themes emerge when the results in different domains are synthesised: 

1. Policy-Technology Nexus: Well-developed legal frameworks (e.g., EU Climate Law) will hasten the adoption of 

technology through market certainty, subsidies, and regulatory impetus [27]. 

2. Health and Climate Co-Benefits: The sustainability of pharmaceutical industry is not only lowering the level of 

emission but also increasing the health outcomes of the population by minimising toxic exposures and wastes. 

3. Global Inequities: Rich nations have more ability to invest in developed technologies and impose policies 

whereas developing nations have a high dependency on global finance and transfer of technology. 

The cross-sector integration reveals that there can be no single approach; instead, the interdisciplinary structure of 

governance is necessary in order to harmonise law, science, pharmaceuticals, and engineering [28]. 

 

 

Figure 4: “Navigating the impact of climate change in India” 

 



Global Perspectives on Climate Change Mitigation: Legal, Scientific, Pharmaceutical, and Engineering 

Approaches to Sustainability 

© 2025 Journal of Carcinogenesis | Published for Carcinogenesis Press by Wolters Kluwer-Medknow 

 

 pg. 408 
 

 

Table 5: Cross-Sector Synergies and Challenges 

Sector Synergy with Others Challenges 

Legal Enables technology 

adoption via mandates 

Enforcement gaps 

in LMICs 

Science & 

Engineerin

g 

Provides innovations 

for mitigation 

Cost and scalability 

issues 

Pharmaceut

ical 

Links health & 

sustainability goals 

Supply chain 

emissions 

Integrated 

Governanc

e 

Multi-sector 

coordination 

Institutional 

fragmentation 

4.7 Discussion of Key Findings 

The results show that the most important enabler of climate action is legal enforceability. In countries where there are laws 

that are binding and monitored, there are strong trends of reduced emissions (EU, Canada). Scientific and engineering 

innovations are immense potentials, yet their barriers to scale, cost and adoption can only be overcome when a policy 

environment is favourable to them. Indicatively, CCS is under-explored as a result of weak legal requirements and 

inadequate funding modalities [29]. The case of the pharmaceutical industry reflects the overlap of health and climate, 

showing risks (high level of emissions), and opportunities (green chemistry, transition to renewable resources). This is 

because of its globalised character and thus a perfect testing ground to a low-carbon supply chain governance. Lastly, 

integrated analysis shows that developed countries dominate enforceable policy and technological advancement, yet fair 

climate regulation must be more firmly supported with the help of low- and middle-income countries by transfer of the 

technologies, the mechanisms of financing and the international law enforcement [30]. 

5. CONCLUSION 

The study has been a thorough investigation of mitigation of climate change in terms of legal, scientific, pharmaceutical 

and engineering aspects and has highlighted the importance of interdisciplinary approach to one of the most challenging 

problems facing humanity. The results demonstrate that the legal frameworks create the basis of action on climate by 

defining targets, providing accountability, and contributing to innovation but in many cases their efficacy is hampered by 

ineffective enforcement and disproportionate commitment by countries. The solutions of science and engineering like 

renewable energy systems, carbon capture, smart grids and sustainable infrastructure have demonstrated enormous 

potential in minimizing greenhouse gas emissions, yet their implementation is hampered by cost barriers, lack of 

technology and disparity of access, particularly in low-income and middle-income countries. The pharmaceutical industry, 

never a great stakeholder in climate discussions, now emerges as a force worth considering in terms of emissions and offers 

a pathway to sustainability in terms of green chemistry, the use of renewable energy and sustainable supply chains. The 

overall performance indicates that it is not possible to offer an attitude of holistic approach to climate solutions by one 

sphere; instead, it is essential to have convergent governance arrangements and that there should be a meeting point of 

legislations, technological advancements, industrial functioning as well as the health requirements of the people. This paper 

concludes that it is not only through technological and scientific advances that the global mitigation can be fairly delivered, 

but also by means of improved legal enforcement, international collaboration, and specific financing of at-risk areas. The 

present research underlines that the successful mitigation of climate change should be implemented at the intersection of 

environmental integrity, economic growth, and human welfare by placing the concept of sustainability in the framework 

of cross-sectoral issues to enhance resilience over time and the collective sustainability of the world. 
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