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1. Introduction

Engineering adaptation is imperative to advance all realms of society, including renewable energy sources [1],
Al-driven communication systems [2], healthcare [3], sustainable infrastructure [4], and intelligent
transportation systems [5]. However, engineering adaptation must be carried out by identifying emerging needs
[6], evolving flexible design schemes [7], and optimizing existing engineering solutions with cutting-edge
technologies, with concerted attention to environmental, societal, and sustainability considerations.

This work is licensed under a Creative Commons Attribution License (https://creativecommons.org/licenses/by/4.0/ ) that allows others @ @
to share and adapt the material for any purpose (even commercially), in any medium with an acknowledgement of the work's authorship
and initial publication in this journal.
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At the current stage of development of Ukrainian shipping companies, there is a growing need to implement
corporate information systems (CIS) that incorporate multiple decision support systems (DSS) for various
operational aspects, including maritime operations, technical maintenance, marketing, and management.
Integrating CIS and DSS as corporate components enhances management efficiency and coordination among
organizational units. Digital transformation and information modeling provide an effective mechanism for
implementing advanced ship management methods. Despite numerous domestic and international studies, they
do not sufficiently address the industry-specific challenges of managing the operational activities of shipping
companies in the maritime transport sector. The digital transformation of a shipping company's operational
activities and the establishment of a CIS and technology for managing this information across departments a
pressing issue. Previously, such information was primarily utilized in information and communication
technologies, but now nearly all data is digital. The foundation of the digital economy lies in the
hyperconnectivity of entities, driven by the advancement of digital technologies. Thus, digital transformation is
the key driver of a company's competitiveness and growth, ensuring sustainable business development in a
dynamic external environment. Implementing automation processes and CIS contributes to sustainable growth,
increased profitability, and improved business efficiency by adopting innovative operational management
methods. This facilitates improving transport process efficiency on a new qualitative basis, which would be
impossible without introducing CIS for data processing and DSS. Integrating the DSS Model Base into the CIS
structure expands the scope of digital technologies, enabling improved data representation and transmission.

This review highlighted how engineering technology and innovations serve global challenges in energy,
environment, agriculture, shipping, and communication. These are summarized point-wise as below.

2.  Method

Renewable energy sources, including wind and solar power, redefine the global energy mix [8], [9]. Solar and
wind energy can minimize fossil fuels' contribution to the global energy mix. Solar and wind technologies can
scale from small installations to large deployments [10], making them ideal for diverse applications. With the
advancements in energy storage systems and architectures, the intermittent nature of wind and solar power is
no longer challenging [11]. Likewise, advancements in hydro-power energy technology, in increasing system
efficiency, innovative turbine designs, and better decentralized power solutions enable more distributed power
generation [12, 13]. Carbon capture technology is also being envisaged to minimize the global carbon footprint
for carbon-intensive industries [14, 15]. With technological progression, its widespread deployment shall open
new avenues for converting carbon into serviceable synthetic commodities.

Recent progress in materials science, process optimization, and computational modeling has improved various
engineering and industrial applications. In [16], researchers demonstrated the efficiency of flow-type microwave
reactors in improving reaction speed. Similarly, [17] presented the development of catalytic cracking using a
fuzzy technique for the best industrial refining cycles. In the mining sector [18], a predictive model for blasting
quality in mineral deposit development was reported. Additionally, [19] highlights the improvement in
hydrological and geotechnical drilling. Computational approaches underscored the interdisciplinary trends in
modern engineering to address global challenges expeditiously [20, 21]. Future buildings and infrastructure will
be designed to improve on the sustainable front and be technology-enabled. Effective planning strategies would
be used to reduce environmental waste and pollution, including prefabricated blocks and more brilliant
configurations. In this context, the concept of smart cities is becoming increasingly popular in handling different
urban utilities, which include energy consumption, transportation, and infrastructure.

Smart cities exploit sensors and technologies like the Internet of Things (10T) to acquire data on parameters like
air quality, traffic patterns, energy usage, and occupancy levels for real-time monitoring and adjustments. The
collected data is then processed using advanced algorithms and Al tools for optimization purposes. Smart cities
also provide an efficient, unified structure interlinking different service functions, including transportation. Self-
driving cars, cooperative communication among vehicles, and mobility as a service are key to the concept of
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smart cities. Smart buildings are the building blocks of a smart city. They can adjust energy requirements based
on the available grid settings and create renewable power using wind or solar modalities [22-25]. Smart
buildings can help cities manage water resources more efficiently by monitoring water consumption and usage
patterns. Similarly, they can customize the lighting and water requirements as needed for improved utilization
of the available resources [26]. For off-peak times, they have efficient energy storage backups activated in the
form of batteries to shift the minimum burden on the grid [27, 28]. Further, such buildings employ thermal
storage mechanisms for temperature control and management [29, 30].

Smart buildings use green roofs [31, 32] covered with vegetation to provide desired insulation, thereby
mitigating the need for artificial heating and cooling. Furthermore, the constructional reliance of future buildings
will be upon recyclable materials [33] and have to be from resources that are close to the vicinity of the building
to be erected, like bamboo and modified wood structures [34], [35]. 3D printing has emerged as a potential
candidate for creating environmentally friendly materials that can be customized with minimal
resources [34, 35]. Structural steel will remain a vital material [36-39] to exploit for sustainable construction
due to its ability to embed sensors and actuators. Additionally, steel components offer a prefabricated off-site
structure that is ready for onsite deployments with minimum environmental disruptions.

2.1. Emerging technologies: The cutting edge of engineering

Emerging technologies, including artificial intelligence (Al), robotics, quantum computing, and biotechnology,
are opening up new possibilities for solving global challenges. For instance, among numerous applications, Al
is nurturing healthcare by making better diagnoses and predicting patient outcomes by analyzing medical data
and images with incredible precision. Self-driving cars powered by Al are set to change how we travel,
promising safer roads and more efficient transportation [40].

Al is also used in manufacturing industries to automate tasks, streamline production, and reduce errors. Al-
coupled software-defined radio (SDR) advancements transform communication systems by providing greater
flexibility and adaptability [41]. Likewise, engineers are designing Al-assisted robots that can perform delicate
surgeries and harvest crops [42]. In healthcare, Al-robotic surgery systems allow doctors to perform minimally
invasive procedures, which means faster recovery times and less risk for patients [43]. In agriculture, robots are
helping farmers plant, monitor, and harvest crops more efficiently [44]. Nano-scale mobility in semiconductors
[45] enables the miniaturization of electronic devices for Al-driven robotic systems, enabling faster processing
speeds and lower power consumption.

Quantum computing is a groundbreaking field that is gradually reshaping how we approach technological
problem-solving. Unlike classical computers, which process data using bits (Os and 1s), quantum computers use
guantum bits or qubits. These qubits have a unique ability to exist in multiple states, which gives gquantum
computers the potential to solve problems at a speed and efficiency far beyond what we currently experience
with traditional computing. Cryptography is one of the most exciting areas where quantum computing could
impact [46, 47]. Many of our current security systems rely on the complexity of specific mathematical problems,
like security mathematical methods [48], factoring large numbers, and hash counting, to keep our data safe.

However, quantum computers can solve these problems much faster than classical machines. This could make
existing encryption methods vulnerable, but researchers are already developing "quantum-safe” encryption
algorithms that could withstand quantum attacks [49]. Quantum computing also shows great potential for
optimization, particularly in industries that involve managing complex systems, such as logistics, finance, and
supply chain management. These industries often deal with massive datasets and must evaluate countless variables
to find the best solution. Traditional computers can handle these tasks, but they take time. Quantum computers,
however, can perform many calculations simultaneously, allowing for faster, more efficient solutions. Imagine a
transportation company optimizing its routes in real-time or a financial analyst predicting stock trends with
unprecedented accuracy — these are just a few possibilities quantum computing could unlock [50].
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Genetic engineering and synthetic biology revolutionize medicine, agriculture, and environmental
sustainability. Technologies are allowing scientists to edit genes with baseline accuracy, which could lead to
cures for genetic disorders or even personalized medicine. Engineers are devising synthetic tissues and organs
for pre-clinical trials. Engineers are developing crops more resilient to pests and climate change in agriculture.
Energy innovation and fuzzy hydraulic drives fuel the development of precise hydraulic systems, mobile
machinery, agricultural machines, and mining vehicles. Wearable sensors and bioinformatics are changing the
way we approach healthcare and wellness. These technologies are making it easier than ever to monitor our
health, providing real-time data that helps us understand the functioning of our bodies. Bioinformatics processes
and interprets massive amounts of data into meaningful insights for preventative and personalized treatment
plans. Wearable sensors and bioinformatics are particularly valuable for people with chronic conditions like
diabetes or heart disease. Patients can continuously track their vital signs, and their doctors can monitor these
in real time. Beyond everyday health, wearable sensors combined with bioinformatics are promising for the
early detection of severe conditions like cancer and neurological diseases.

3. Results and discussion

3.1. Analysis and discussion of key challenges/technologies

Technological advances drive the need for green infrastructure, renewable energy, and carbon capture. Solar,
wind, hydro, and carbon sequestration are available to address these problems. For instance, integrating smart
grids and advanced battery storage can ameliorate energy efficiency. Similarly, the demands for energy crises
can be met via decentralized and Al-driven energy networks, as illustrated in Table 1.

Table 1. A summary of the global challenges, adapted engineering solutions, implementation landscape, and
future directions

Global

Engineering

Key technologies and

Challenges in

challenges adaptation approaches implementation Future trends
Climate Green infrastructure, Solar, wind, hydro, H'gh costs, - policy Smart grids, advanced
renewable energy, and ; barriers,
change [4] carbon sequestration battery storage

carbon capture

technological gaps

. . Energy-efficient Nuclear fusion, Infrastructure Decentralized and Al-
Energy crisis . S . :
[9, 12] systems,  alternative hydrogen fuel, smart limitations, public driven energy
’ energy sources grids perception networks
N . Al in water
. Desalination,  water . High energy
Water scarcity - . Reverse 0SMosis, . management,
recycling, efficient - consumption, .
[26] L nanotechnology filters . atmospheric ~ water
irrigation maintenance costs .
harvesting

Urbanization ~ Smart cities, resilient 10T, Al, 3D printing, Cost, regulato_ry Self—s_ustalnlng cities,
; - hurdles, social  Al-driven urban
[5] infrastructure modular construction .
acceptance planning
Food security Precision agriculture, Al, drones, l;'c:gtz-tescuh Ia dogg;c:g g:}g?g'mlzﬁib_ foWn
[50] vertical farming hydroponics, CRISPR =" PRy g -9
issues meat production
Healthcare Telemedicine, . . Data privacy, Al-driven drug
. . Al diagnostics, gene - . )
challenges personalized medicine, I accessibility, ethical discovery,
. therapy, nanomedicine . -
[42] advanced prosthetics concerns regenerative medicine
Digital divide Broadband expansion, 5G, satellite internet, Cost, _ geopol_ltl_cal _Gl_o_ba_l digital equity
affordable smart constraints,  digital initiatives, quantum
[50] - open-source software . .
devices literacy internet
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Global Engineering Key technologies and Challenges in
. . . Future trends
challenges adaptation approaches implementation
Cvbersecurit Al-driven security, Quantum encryption, Sophisticated Al-based  proactive
th)r/eats [50] Y blockchain for data biometric cyberattacks, security,  quantum-
integrity authentication compliance issues safe cryptography
Waste Circular economy, Al-powered  sorting, . Al in waste sorting,
. . ; Consumer behavior, .
management  biodegradable bioplastics, waste-to- A large-scale  material
: economic viability
[21] materials energy reuse
Disaster-resilient Cost, data accuracy, Al-driven disaster
Natural infrastructure carl IoT sensors, Al-based disaster response,
disasters [35] . ' y prediction models L autonomous  rescue
warning systems unpredictability
systems
Space Sustainable space Al robotics, ion High cost, space Al-driven space
exploration travel, planetary propulsion, in-situ  debris, unknown mining, deep space
[51] resource utilization resource use risks habitats
Biodiversity Conservation Al for wildlife Habitat destruction, Al-driven ecosystem
loss [26] engineering, tracking, genetic funding, ecological modeling, synthetic
ecosystem restoration  rescue balance biology
. . — Al-human
Aglng. Assistive robotics, AI Carégivers, bionic Ethical ~ concerns, integration,
population limbs, brain-computer -
competent healthcare . affordability autonomous elder
[42] interfaces care

Solutions, including Al-based water management, help in improving accessibility. The problem of rapid
urbanization is being dealt with by smart cities using IoT, Al, and 3D printing technologies. These are
summarized in Table 1. To tackle food security challenges, technologies like Al, drones, and hydroponics are
nurturing precision agriculture and vertical farming. The healthcare sector is being served by Al diagnostics,
gene therapy, and nano-medicine, which is summarized in Table 1. The digital divide is being handled with the
availability of 5G, satellite internet, and open-source software. Since cybersecurity threats are escalating, Al-
driven security and blockchain solutions are being deployed. For effective waste management, biodegradable
materials and Al-powered sorting processes are reshaping the waste-to-energy approaches. The details are
incorporated in Table 1, which underlines the use of l1oT sensors and Al-based predictions for improved
resilience against natural disasters. Biodiversity loss is being countered through Al-driven conservation schemes
and ecosystem restoration. Further, the aging population is getting support from assistive robotics [48] and
innovative healthcare systems, including brain-computer interfaces and autonomous support systems, as
outlined in Table 1.

3.2. Strategic planning in engineering

Strategic planning in engineering is essential for organizations to stay on track, grow, and adapt to the constantly
changing world. It's not just about creating great products or solving technical challenges. It's about aligning
those efforts with long-term goals, industry trends, and the needs of customers and stakeholders. Engineers need
to take a close look by conducting a SWOT analysis (Strengths, Weaknesses, Opportunities, Threats) to identify
areas where they can improve or take advantage of new opportunities. While setting goals, engineers should
ensure they are specific, measurable, and achievable (SMART goals) so everyone knows exactly what they’re
working toward and how to get there. Collaboration is key and pertinent from design and development to the
marketing and business stages. By ensuring that different teams are aligned with the same goals, engineers can
ensure that the work being done on the technical side also meets business needs and customer expectations.
Engineering leaders must prioritize fostering a culture of teamwork in a well-defined strategic plan. Risk
assessments must be properly thought through. Similarly, engineers need the aptitudes to match as they work
with multiple partners. They must realize the need for agility and cross-functional teamwork to identify
appropriate courses of action.
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3.3. Engineering adaptation: a path to resilience and innovation

Engineering adaptation involves adjusting designs, technologies, and systems to meet new circumstances. But
with these innovations comes the need for engineers to adapt existing systems and integrate new technologies
to make them efficient, secure, and sustainable.

3.3.1. Building resilience through adaptation

Resilience is the ability to bounce back and keep functioning, even in extenuating circumstances. An example
of resilience in engineering is the growing use of “smart” infrastructure. Engineers are integrating sensors and
monitoring systems into roads, bridges, and buildings to track their conditions for real-time monitoring and
assessments. For instance, adapting to recent water management schemes like rainwater harvesting, intelligent
water management systems, water recycling and filtration techniques, and waste management strategies is
timely. Likewise, engineering allows us to modify strategies with varying requirements in every realm,
including irrigation practices, with the help of novel landscaping schemes.

3.3.2. Driving innovation with adaptation

Engineers have a crucial role as trusted experts to drive innovation through adaptation. Human-centered
outcomes are a cornerstone for technology development to fuel future digital ecosystems. Future engineers will
require Al-specific skills, data modeling expertise, and simulation frameworks to reduce the global carbon
footprint. Efforts should now be concerted in developing products and innovative processes that restore sources
of energy and materials by keeping an eye on long-term societal needs. This means creating innovative
technology and processes with global challenges as their priority in cognitive process and valuing that the
consequences of an engineer’s actions impact societies and the environment.

3.4. Limitations of the study

This study tells us a lot about the analysis of engineering adaptation to global challenges and strategic planning
for the future, but it also has some problems that need to be pointed out. For example, for climate change, we
have limitations related to the policy barriers, technological gaps; for the energy crisis — infrastructure
limitations, public perception; for the urbanization — regulatory hurdles, social acceptance; for the digital divide
— geopolitical constraints, digital literacy. A detailed description of limitations based on the different directions
is presented in Table 1.

3.5. Future outlook: the role of engineering in shaping a sustainable future

Engineering is pivotal in driving the change toward a more sustainable future. At its core, sustainability in
engineering is about ensuring that our actions today will not prevent future generations from meeting their
needs. Sustainable engineering solutions must address all three: environmentally responsible, economically
feasible, and socially inclusive.

Engineers are in a position to integrate these principles, creating solutions that make a tangible difference to the
world with the least dependence on natural resources. One technology that is gaining attention in this process is
carbon capture, utilization, and storage (CCUS). Essentially, CCUS captures carbon dioxide emissions directly
from power plants and industrial facilities before they can be released into the atmosphere.

Once captured, this CO2 can be stored underground in geological formations or repurposed for other uses.
Another exciting development is the growing adoption of hydrogen as a clean energy source. This hydrogen
can be used as a clean fuel in sectors that are difficult to electrify, like heavy manufacturing and transportation.
Similarly, circular economy and waste management models are being deployed.

A key aspect of the circular economy is product design. More manufacturers are focusing on designing products
that are easier to repair, upgrade, or recycle. This resulted in a modular design approach, allowing individual
parts of a product to be replaced or fixed rather than tossing the whole item when it breaks. Secondly, urban
mining and e-waste recovery are becoming increasingly important as we rely more heavily on electronic
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devices. The sheer volume of e-waste generated yearly is astounding, and engineers are finding ways to recover
valuable materials from discarded electronics.

However, there is still a lot to be done as the e-waste landscape is complex and crafty. Precision agriculture and
smart farming are also steps in transforming efficient and productive farming with minimal waste footprints.
This technology gathers data from sensors in the soil and helps farmers make informed decisions. Hydroponics
is the center of attention nowadays, allowing plants to grow without soil in a nutrient-rich culture. Further,
hydroponics and innovative irrigation systems are instrumental in urban farming and could change how we
think about growing food in the future.

4. Conclusions

Due to rapid transitions in engineering and related digital technologies, engineers now have an unprecedented
range of tools to solve complex global issues. They can now speed up design, automate processes, and
streamline tasks more freely, quickly, and accurately.

They need to adopt a mindset of strategic planning, continuous learning, and adaptability, integrating cutting-
edge advancements such as artificial intelligence, data analytics, sustainable materials, and resilient
infrastructure design. Succinctly, future requirements demand engineers for interdisciplinary collaborations and
design systems that are both innovative and sustainable.
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