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Abstract 

This paper examines the technological advancements in onshore and offshore drilling operations, emphasizing their 
significance, challenges, and environmental considerations. Technological innovations, including automation, data 
analytics, and real-time monitoring, have transformed drilling practices, enhancing efficiency, safety, and environmental 
sustainability. By comparing onshore and offshore applications, the paper evaluates the effectiveness of these 
advancements in addressing the unique challenges of each environment. Key areas of focus include efficiency 
improvements, safety enhancements, environmental impacts, and regulatory compliance. Through case studies and 
analysis, the study aims to provide valuable insights into the current state of onshore and offshore drilling operations 
and identify opportunities for innovation and improvement. Ultimately, the findings contribute to advancing sustainable 
practices, mitigating environmental risks, and fostering responsible resource extraction in the oil and gas industry. This 
comparative study delves into the dynamic landscape of technological advancements within onshore and offshore 
drilling operations. It explores the evolving role of automation, data analytics, and real-time monitoring in 
revolutionizing drilling practices, offering insights into their implications for efficiency, safety, and environmental 
stewardship. By juxtaposing the unique challenges and operational requirements of onshore and offshore 
environments, the study underscores the importance of a nuanced understanding of technological applications. 
Through rigorous analysis and case studies, it illuminates the interplay between advancements and environmental 
considerations, shedding light on opportunities for innovation and sustainable development. The study's 
comprehensive scope encompasses efficiency gains, safety protocols, environmental impact mitigation, and regulatory 
compliance, providing a holistic view of the transformative potential of technology in the drilling industry. Ultimately, 
the study serves as a catalyst for informed decision-making, fostering dialogue, and driving forward-looking strategies 
for the future of onshore and offshore drilling operations. 
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1. Introduction

Technological advancements in drilling have revolutionized the oil and gas industry, leading to increased efficiency, 
safety, and environmental sustainability (Olgajia et al., 2024). These advancements encompass a wide range of 
innovations, including automation, robotics, data analytics, and real-time monitoring systems. Automation and robotics 
have enabled the automation of drilling operations, reducing the need for manual intervention and improving drilling 
accuracy.  
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Data analytics and real-time monitoring systems provide operators with valuable insights into drilling performance, 
enabling them to optimize drilling parameters and identify potential issues proactively. Furthermore, advancements in 
digitalization and virtual modeling allow for the simulation and optimization of drilling processes before execution, 
minimizing risks and maximizing efficiency (Oke et al., 2024). Comparing onshore and offshore drilling applications is 
crucial due to the distinct challenges and operational requirements of each environment.  

Onshore drilling operations typically involve drilling wells on land, while offshore drilling operations take place in 
marine environments. The comparison allows for an assessment of the effectiveness of technological advancements in 
addressing the unique challenges of each setting, such as safety risks, environmental considerations, and operational 
constraints. By understanding the differences between onshore and offshore applications, stakeholders can identify 
best practices, optimize technology utilization, and drive innovation in both sectors.   

The purpose of the comparative analysis is to evaluate the impact of technological advancements on onshore and 
offshore drilling operations and identify areas for improvement (Omole et al., 2024). The scope of the analysis includes 
assessing efficiency improvements, safety enhancements, environmental considerations, and regulatory compliance in 
both onshore and offshore settings. By conducting a comprehensive comparative analysis, the study aims to provide 
insights into the effectiveness of technological advancements in addressing the challenges and opportunities of onshore 
and offshore drilling operations, ultimately informing decision-making and guiding future research and development 
efforts. 

1.1. Onshore Drilling Technologies 

Onshore drilling operations refer to the exploration and extraction of oil and gas resources on land. These operations 
typically involve drilling wells vertically or horizontally to access subsurface reservoirs containing hydrocarbons 
(Olatunde, 2024). Onshore drilling is conducted in various geological formations, including shale, sandstone, and 
limestone, and often requires specialized equipment and techniques to overcome challenging conditions.  Automation 
and robotics have revolutionized onshore drilling operations by improving efficiency, safety, and accuracy. 

 Automated drilling systems utilize advanced algorithms and sensors to control drilling equipment, adjust drilling 
parameters, and optimize performance in real-time. Robotics technology enables the deployment of unmanned drilling 
rigs and robotic drilling arms, reducing the need for human intervention in hazardous or remote environments. These 
advancements enhance drilling productivity, reduce downtime, and minimize operational risks associated with manual 
labor (Okwandu et al., 2024).    Data analytics and real-time monitoring systems play a crucial role in optimizing onshore 
drilling operations. These systems collect, analyze, and interpret large volumes of data from drilling sensors, down hole 
instruments, and surface equipment to provide valuable insights into drilling performance and wellbore conditions. 

 By monitoring key parameters such as drilling rate, weight on bit, and mud properties in real-time, operators can 
identify potential issues early, optimize drilling parameters, and make data-driven decisions to improve efficiency and 
productivity. Digitalization and virtual modeling technologies enable onshore drilling operators to simulate and 
optimize drilling processes in a virtual environment before execution. Digital twins create digital replicas of drilling 
assets, allowing operators to visualize and analyze drilling operations, identify potential bottlenecks, and optimize well 
designs. 

 Virtual modeling techniques simulate reservoir characteristics, well trajectories, and drilling scenarios to optimize 
drilling efficiency, minimize risks, and reduce costs. These technologies enhance planning accuracy, improve decision-
making, and facilitate collaboration among multidisciplinary teams involved in onshore drilling projects. Case Studies 
Illustrating Innovative Onshore Drilling (Oyebode et al., 2022).  A case study from a shale drilling operation in the United 
States demonstrates the implementation of automated drilling systems to improve drilling efficiency and reduce costs.  

By integrating automated drilling controls, advanced sensors, and real-time data analytics, the operator achieved 
significant improvements in drilling performance, including faster drilling rates, reduced downtime, and enhanced 
wellbore stability. The implementation of automated systems also improved safety by minimizing human exposure to 
hazardous drilling conditions. Utilization of Digital Twins for Well Optimization, in another case study, a drilling 
operator utilized digital twins to optimize well designs and drilling parameters in an unconventional reservoir. 

 By creating digital replicas of drilling assets and simulating various drilling scenarios, the operator identified the 
optimal well trajectory, casing design, and drilling fluid properties to maximize production efficiency and minimize 
reservoir damage. The utilization of digital twins improved reservoir understanding, reduced drilling risks, and 
increased overall project profitability (Goh et al., 2024). These case studies highlight the transformative impact of 
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innovative technologies on onshore drilling operations, demonstrating how automation, data analytics, and 
digitalization drive efficiency, productivity, and safety in the exploration and production of oil and gas resources on 
land. (Souza et al., 2024) 

1.2. Offshore Drilling Technologies 

Offshore drilling operations involve the exploration and extraction of oil and gas resources from beneath the seabed. 
These operations take place in offshore locations ranging from shallow waters near the coastline to deepwater 
environments far offshore. Offshore drilling plays a crucial role in meeting global energy demands, with significant 
reserves located beneath the world's oceans (Patil et al., 2024). However, offshore drilling presents unique challenges 
due to harsh environmental conditions, logistical complexities, and safety considerations. 

Subsea drilling systems enable operators to access and extract hydrocarbon reserves located beneath the seabed. These 
systems consist of subsea wellheads, blowout preventers, and production trees installed on the seabed, allowing drilling 
operations to be conducted remotely from offshore platforms or vessels. Subsea drilling technologies have evolved to 
operate in increasingly deeper waters and harsher environments, enabling the exploration and production of offshore 
reserves in challenging offshore regions such as the Arctic and ultra-deepwater fields.  

Advanced drilling rigs and equipment are essential for offshore drilling operations to withstand the harsh marine 
environment and operate efficiently in deepwater conditions (Mahmoud et al., 2024). Offshore drilling rigs, such as jack-
up rigs, semi-submersible rigs, and drill ships, are equipped with advanced drilling systems, dynamic positioning 
technology, and safety features to support drilling activities in offshore locations. Additionally, specialized drilling 
equipment, such as riser systems, casing running tools, and mud circulation systems, are designed to meet the unique 
challenges of offshore drilling operations.  

Remote monitoring and control systems enable operators to monitor and control offshore drilling operations from 
onshore locations or remote control centers. These systems utilize satellite communication, real-time data 
transmission, and automation technology to provide operators with continuous updates on drilling parameters, 
equipment status, and safety conditions. Remote monitoring and control systems enhance operational efficiency, 
improve safety, and enable rapid response to emergencies or equipment failures offshore. 

In a case study from a deepwater exploration project in the Gulf of Mexico, an operator deployed subsea robotics to 
enhance drilling efficiency and safety. Remotely operated vehicles (ROVs) equipped with advanced manipulators and 
sensors were used to perform subsea inspections, well interventions, and equipment maintenance tasks at extreme 
depths. The deployment of subsea robotics reduced the need for human divers and enabled operations to be conducted 
safely and efficiently in challenging offshore environments.  

Another case study involves the integration of remote drilling control systems on drillships operating in offshore fields 
in the North Sea. These systems allow drilling operations to be monitored and controlled from onshore control centers, 
enabling operators to optimize drilling parameters, troubleshoot issues, and make real-time decisions remotely. The 
integration of remote drilling control systems improves operational efficiency, reduces personnel exposure to offshore 
risks, and enhances overall drilling performance in offshore environments.  

These case studies demonstrate the transformative impact of cutting-edge technologies on offshore drilling operations, 
highlighting how subsea drilling systems, advanced drilling rigs, and remote monitoring systems drive efficiency, safety, 
and productivity in the exploration and production of offshore oil and gas reserves. As offshore drilling continues to 
evolve, operators must continue to embrace technological innovations to overcome challenges and unlock the full 
potential of offshore energy resources (Alotaibi et al., 2024). 

2. Comparative Analysis 

Technological advancements in both onshore and offshore drilling have revolutionized the oil and gas industry, 
improving efficiency, safety, and environmental performance. However, there are distinct differences in the application 
of these technologies due to the unique challenges and operational requirements of onshore and offshore drilling 
environments. Here's a comparison of technological advancements in onshore and offshore drilling across key areas, 
Technological advancements such as automation, robotics, and data analytics have significantly enhanced efficiency and 
productivity in onshore drilling operations. 
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Automated drilling systems allow for continuous drilling operations with minimal downtime, resulting in faster well 
construction and increased drilling rates (Vincoli, 2024).  Data analytics and realtime monitoring systems optimize 
drilling parameters, identify drilling hazards, and improve decisionmaking, leading to higher drilling efficiency and 
reduced operational costs.  While offshore drilling operations also benefit from automation and data analytics, efficiency 
gains may be more challenging to achieve due to the complexity and remote nature of offshore environments. 

Subsea drilling systems and advanced drilling rigs enable operators to access offshore reserves in deeper waters, but 
logistical challenges such as weather conditions and equipment maintenance may impact productivity. Remote 
monitoring and control systems enhance operational efficiency by enabling realtime monitoring and decisionmaking, 
but connectivity issues and equipment reliability in harsh offshore environments can pose challenges. Onshore drilling 
operations generally have lower safety risks compared to offshore drilling due to the proximity to land and easier access 
to emergency services.   

However, onshore drilling operations still pose environmental risks such as groundwater contamination, habitat 
disruption, and surface spills, which must be managed through stringent regulations and best practices. Technological 
advancements in onshore drilling, such as improved well control systems and environmental monitoring tools, 
contribute to minimizing safety incidents and environmental impacts.    Offshore drilling operations are inherently 
riskier than onshore operations due to the remote and harsh marine environment, with risks including blowouts, 
equipment failures, and oil spills (Du et al., 2024).  

Advanced safety systems such as blowout preventers and emergency response protocols are critical for mitigating these 
risks, but challenges remain in ensuring their reliability and effectiveness in deepwater environments. Environmental 
considerations are paramount in offshore drilling, with regulations and industry standards aimed at minimizing the 
impact on marine ecosystems and coastal communities. Onshore drilling operations generally have lower upfront 
capital costs and shorter lead times compared to offshore operations, making them more cost-effective in some cases. 

 However, operational challenges such as land access, regulatory permitting, and community engagement can delay 
projects and increase costs. Technological advancements in onshore drilling aim to improve cost effectiveness through 
increased drilling efficiency, reduced downtime, and optimized resource utilization. Offshore drilling operations are 
typically more capital-intensive and have longer project timelines compared to onshore operations, primarily due to 
the need for specialized equipment and infrastructure (Martin et al., 2024). 

Operational challenges such as harsh weather conditions, equipment maintenance, and logistics pose significant cost 
challenges for offshore drilling projects. Technological advancements in offshore drilling focus on improving cost 
effectiveness through remote monitoring and control systems, predictive maintenance, and advanced drilling 
techniques. In summary, while both onshore and offshore drilling benefit from technological advancements, there are 
differences in the application and impact of these technologies due to the unique characteristics of each environment.  

Onshore drilling operations generally excel in efficiency and productivity improvements, while offshore drilling 
operations face greater safety and environmental challenges (Jong et al., 2024). Cost effectiveness and operational 
challenges vary depending on factors such as project scope, location, and regulatory requirements. Ultimately, 
continued innovation and collaboration across the industry are essential for addressing these challenges and driving 
sustainable development in both onshore and offshore drilling (Astuti, 2024) 

2.1. Future Directions and Challenges 

As the oil and gas industry evolves, emerging technologies play a pivotal role in driving innovation, enhancing 
operational efficiency, and addressing environmental challenges in both onshore and offshore drilling (Saikia and Gori, 
2024). Here's an exploration of three key emerging technologies shaping the future of drilling operations.   Artificial 
intelligence (AI) and machine learning (ML) are revolutionizing drilling operations by enabling predictive analytics, 
automated decisionmaking, and optimization of drilling processes. 

 In onshore drilling, AI and ML algorithms analyze vast amounts of data from drilling sensors, geological surveys, and 
historical performance to predict drilling outcomes, optimize drilling parameters, and identify potential risks in 
realtime. These technologies enhance drilling efficiency, reduce nonproductive time, and improve wellbore stability, 
leading to cost savings and increased productivity. 

 Similarly, in offshore drilling, AI and ML applications are utilized to optimize drilling rig operations, predict equipment 
failures, and improve safety. Advanced predictive maintenance algorithms analyze sensor data from offshore rigs to 
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detect anomalies and proactively schedule maintenance, reducing downtime and minimizing the risk of equipment 
failures. Additionally, A driven automation systems enable autonomous drilling operations in deepwater environments, 
enhancing safety and efficiency offshore. 

Advanced materials and engineering innovations are driving improvements in drilling equipment durability, 
performance, and environmental sustainability. In onshore drilling, advancements in materials science have led to the 
development of high strength alloys, composite materials, and advanced coatings that improve the reliability and 
longevity of drilling equipment. These materials enhance drilling efficiency, reduce maintenance costs, and minimize 
environmental impact by reducing material consumption and waste generation.   

Moreover, offshore drilling benefits from advanced materials and engineering innovations to withstand harsh marine 
environments and extreme operating conditions. Corrosion resistant materials, such as duplex stainless steels and 
polymer coatings, are used in offshore platforms and subsea equipment to extend service life and enhance asset 
integrity. Furthermore, lightweight materials and novel construction techniques enable the design of offshore 
structures with reduced environmental footprint and improved structural performance.  

Sustainable drilling practices and renewable energy integration are becoming increasingly important in both onshore 
and offshore drilling operations. In onshore drilling, renewable energy sources such as solar and wind power are being 
integrated into drilling sites to reduce carbon emissions, lower energy costs, and enhance energy independence. 
Additionally, sustainable drilling practices, such as water recycling, waste management, and emissions reduction, are 
implemented to minimize environmental impact and promote responsible resource extraction. 

Offshore drilling operations are also adopting sustainable practices and exploring renewable energy solutions to 
mitigate environmental risks and reduce dependence on fossil fuels. Floating offshore wind turbines, for example, are 
being deployed near offshore drilling platforms to harness wind energy and offset carbon emissions from drilling 
operations. Furthermore, advancements in offshore renewable energy technologies, such as wave and tidal energy, offer 
opportunities for colocation with offshore drilling infrastructure, promoting synergy and sustainability in marine 
environments (Kumar et al., 2024). 

 Emerging technologies such as artificial intelligence, advanced materials, and renewable energy integration are 
transforming onshore and offshore drilling operations, driving efficiency, sustainability, and innovation in the oil and 
gas industry. By embracing these technologies and fostering collaboration between industry stakeholders, the drilling 
sector can navigate challenges, optimize performance, and achieve long term sustainability in a rapidly evolving energy 
landscape (Wang   and Wang, 2024). 

3. Case Studies: Practical Applications 

 In the United States, the shale revolution has transformed the energy landscape, unlocking vast reserves of oil and gas 
from unconventional formations such as shale rock. To maximize production efficiency and costeffectiveness in shale 
drilling operations, operators have increasingly turned to advanced automation systems. One notable case study 
involves a leading oil and gas company operating in the Permian Basin, one of the most prolific shale regions in the 
United States.  

The company implemented advanced automation systems across its drilling operations to streamline processes, 
enhance safety, and improve drilling performance. The automation systems utilized advanced algorithms and sensors 
to control drilling equipment, optimize drilling parameters, and monitor wellbore conditions in realtime. Automated 
drilling rigs were equipped with state-of-the-art control systems that could adjust drilling parameters dynamically 
based on downhole conditions, reducing the need for manual intervention and minimizing nonproductive time. 

As a result of the implementation of advanced automation systems, the company achieved significant improvements in 
drilling efficiency and cost reduction. Drilling rates increased, downtime decreased, and overall operational 
performance improved. Additionally, the automation systems enhanced safety by reducing exposure to hazardous 
drilling conditions and mitigating the risk of human error.   In unconventional reservoirs such as tight gas formations 
and shale plays, optimizing drilling performance is crucial for maximizing production rates and recovery. 

 Realtime data analytics play a vital role in achieving this objective by providing actionable insights into drilling 
dynamics, formation properties, and wellbore stability. An exemplary case study involves a major operator in the Eagle 
Ford shale play in Texas, where realtime data analytics were employed to optimize drilling performance and maximize 
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reservoir recovery. The operator implemented a comprehensive data analytics platform that integrated drilling data 
from multiple sources, including downhole sensors, surface measurements, and geological models.  

The data analytics platform utilized machine learning algorithms to analyze drilling parameters, identify formation 
characteristics, and predict drilling challenges in realtime. By continuously monitoring drilling dynamics and adjusting 
drilling parameters accordingly, the operator was able to optimize well placement, minimize formation damage, and 
maximize hydrocarbon recovery. As a result of the utilization of realtime data analytics, the operator achieved 
significant improvements in drilling efficiency, well productivity, and reservoir performance.  

Drilling times were reduced, wellbore quality improved, and overall production rates increased. Additionally, the data 
analytics platform enabled proactive decisionmaking, allowing the operator to anticipate drilling challenges and 
implement corrective actions before they impacted operations. These onshore case studies demonstrate the 
transformative impact of advanced automation systems and realtime data analytics on drilling operations in shale 
formations. By leveraging cutting edge technologies, operators can enhance efficiency, reduce costs, and maximize 
production rates in challenging onshore environments. As the industry continues to innovate, the adoption of advanced 
automation and data analytics solutions will remain critical for achieving success in shale drilling operations.    

3.1. Environmental Impact Assessment 

 Onshore drilling operations can have significant environmental impacts, including habitat disruption, water 
contamination, and air pollution. Onshore drilling sites often require extensive land clearing and infrastructure 
development, leading to habitat loss and fragmentation. Additionally, drilling activities can result in soil erosion, 
sedimentation, and chemical contamination of surface and groundwater resources, posing risks to local ecosystems and 
wildlife. Air pollution from drilling equipment, flaring, and vehicle emissions further contributes to environmental 
degradation and public health concerns in surrounding communities. 

 Offshore drilling operations also pose environmental risks, particularly in sensitive marine ecosystems. Offshore 
drilling platforms and pipelines can disturb marine habitats, disrupt migratory routes, and introduce pollutants into the 
marine environment. Oil spills, blowouts, and accidental releases of drilling fluids can have catastrophic impacts on 
marine biodiversity, fisheries, and coastal communities. Additionally, noise pollution from drilling activities can disturb 
marine mammals and disrupt their communication and navigation. 

 Evaluation of Technological Advancements' Impact on Environmental Sustainability, technological advancements in 
both onshore and offshore drilling have the potential to improve environmental sustainability by reducing 
environmental impacts, minimizing resource consumption, and promoting cleaner energy alternatives.  Advanced 
drilling technologies, such as horizontal drilling and hydraulic fracturing, have enabled operators to access 
unconventional oil and gas reserves with greater efficiency and precision, reducing the need for extensive surface 
infrastructure and minimizing environmental disturbance. 

 Additionally, innovations in water recycling and treatment technologies have helped mitigate water consumption and 
contamination risks associated with hydraulic fracturing operations. Renewable energy integration, such as solar 
powered drilling rigs and electric drilling equipment, further contributes to reducing greenhouse gas emissions and 
reliance on fossil fuels in onshore drilling operations. In offshore drilling, advancements in subsea technology, blowout 
preventers, and spill response systems have improved safety and environmental protection measures, reducing the risk 
of catastrophic oil spills and environmental contamination. 

 Enhanced drilling techniques, such as managed pressure drilling and dual gradient drilling, minimize drilling fluid 
discharges and formation damage, reducing environmental impact. Furthermore, innovations in offshore renewable 
energy, such as offshore wind farms and wave energy converters, offer opportunities for sustainable energy production 
and diversification away from fossil fuels. Discussion of Regulatory Compliance and Mitigation Measures for Minimizing 
Environmental Risks, regulatory compliance and mitigation measures are essential for ensuring that onshore and 
offshore drilling operations minimize environmental risks and adhere to environmental standards and regulations.  

Regulatory agencies such as the Environmental Protection Agency (EPA) and state regulatory bodies oversee onshore 
drilling activities and enforce environmental regulations to protect air, water, and land resources. Permitting 
requirements, environmental impact assessments, and monitoring programs are implemented to assess and mitigate 
environmental risks associated with onshore drilling operations. Operators are required to implement best 
management practices, such as well casing and cementing standards, spill prevention measures, and wastewater 
management practices, to minimize environmental impacts and ensure regulatory compliance. 
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Offshore drilling operations are subject to stringent regulatory oversight by federal agencies such as the Bureau of 
Safety and Environmental Enforcement (BSEE) and the Environmental Protection Agency (EPA), as well as state and 
international regulatory bodies. Comprehensive regulations govern offshore drilling safety, pollution prevention, and 
emergency response planning to mitigate environmental risks and ensure operational integrity. Environmental impact 
assessments, oil spill response plans, and well control measures are among the regulatory requirements imposed on 
offshore drilling operators to protect marine ecosystems, coastal communities, and natural resources.  

While both onshore and offshore drilling operations present environmental challenges, technological advancements 
and regulatory compliance measures play critical roles in minimizing environmental risks and promoting 
environmental sustainability. Continued innovation, regulatory oversight, and industry collaboration are essential for 
addressing environmental concerns and ensuring responsible resource extraction in both onshore and offshore drilling 
operations. 

4. Conclusion 

Onshore drilling operations tend to have lower safety risks but face environmental concerns such as habitat disruption 
and water contamination, whereas offshore drilling operations pose greater safety risks and environmental challenges, 
including the risk of oil spills and disturbance of marine ecosystems. To foster innovation and sustainable development 
in both onshore and offshore drilling, stakeholders should prioritize the following recommendations. Invest in Research 
and Development: Allocate resources to research and development initiatives aimed at developing advanced drilling 
technologies, renewable energy integration, and environmental mitigation strategies. Enhance Collaboration: Foster 
collaboration between industry stakeholders, research institutions, and regulatory agencies to share best practices, 
promote knowledge exchange, and address common challenges. Implement Sustainable Practices: Embrace sustainable 
drilling practices, such as water recycling, emissions reduction, and habitat restoration, to minimize environmental 
impact and promote responsible resource extraction. Strengthen Regulatory Oversight: Ensure robust regulatory 
frameworks and enforcement mechanisms to uphold environmental standards, safety protocols, and community 
engagement in drilling operations. Promote Education and Training: Invest in education and training programs to equip 
the workforce with the skills and knowledge needed to leverage advanced technologies, adhere to regulatory 
requirements, and uphold industry best practices. The future trajectory of technological advancements in the drilling 
industry is promising, with ongoing innovation and development across various fronts. Advancements in artificial 
intelligence, machine learning, and automation will continue to drive efficiency, safety, and productivity in drilling 
operations. Additionally, the integration of renewable energy sources, such as offshore wind and solar power, will play 
a significant role in reducing carbon emissions and diversifying the energy mix. Furthermore, advancements in 
materials science, robotics, and digitalization will enable operators to overcome operational challenges and unlock new 
opportunities in both onshore and offshore drilling. Overall, technological advancements will shape the future of the 
drilling industry, leading to more sustainable practices, improved operational performance, and enhanced 
environmental stewardship. 
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