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Abstract

Sustainable development refers to progress that satisfies current needs while ensuring future
generations so that they can also meet theirs. Sustainable development has become a fundamental global goal.
This article presents an integrated study and analysis of research findings from 10 selected research papers
published between 2019 and 2023 to understand the key challenges and opportunities associated with
sustainable development. This study provides a comprehensive analysis of key dimensions of sustainable
development including environmental, economic and social aspects, as well as the role of policy governance
and innovation. It analyses sustainable and efficient resource use, effective governance models and multi-
stakeholder partnerships, technology-driven innovation, especially the use of the Internet of Things (I10T), and
community-based participatory approaches that promote equity and inclusion. Finally, this study highlights
key research gaps, in particular the need of improved data-driven monitoring, adequate financial resources. It
concludes that further research is needed for the effectiveness of various sustainable development initiatives
like balancing environmental protection, economic viability and social well-being. The goal of sustainable
development can be met through effective integration of various initiatives.

Keywords:- Sustainable Development, Environmental Sustainability, Economic Sustainability, Social
Sustainability, Governance and Policy, Technological Innovation

Introduction

Sustainable development is a comprehensive concept that aims to strike a balance between
environmental protection, economic development and social well-being, ensuring that the needs of the present
generation are met without compromising the ability of future generations to meet their own needs. The
concept gained international recognition, particularly through the Brundtland Commission report, which was
later formalized as the Sustainable Development Goals (SDGs) in the United Nations 2030 Agenda. The
United Nations Sustainable Development Goals provide a broad framework of seventeen key goals; these
goals are more comprehensive and ambitious than earlier international development initiatives, as they
consider the different aspects of development as interconnected rather than in isolation, emphasizing a
comprehensive approach. Sustainable development depends on the balance of its three main pillars:
environmental integrity, economic integrity and social equity. Environmental integrity focuses on the
conservation of natural resources and ecosystems, economic integrity ensures long-term inclusive economic
development, and social equity aims to provide equal opportunities and benefits to all segments of society in
the development process. Sustainable development is not limited to economic growth but rather provides a
comprehensive future vision that has the potential to lead human society towards a sustainable, inclusive, and
balanced future in the context of current global challenges.

The importance of sustainable development is increasing. Furthermore, rapid climate change,
ecosystem degradation, and biodiversity loss are putting enormous pressure on the world’s resources, and
much of the world’s population is struggling with poverty, poor health, and social inequality. Global, national
and regional governments are often unable to provide coordinated responses due to a lack of coordination
among different stakeholders. Furthermore, emerging networks and multi-stakeholder partnerships mean that
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government, the private sector, civil society and local communities can work together to achieve shared
sustainable development goals.

This paper provides a comprehensive review of sustainability dealt in literature published in recent years,
exploring key aspects of sustainability, such as environmental sustainability, economic sustainability, and
environmental sustainability, as well as policy development, multidrug management challenges, and risks.
The study shows that the challenge of sustainable development is not limited to the world. Their nature and
consequences vary widely across countries and around the world, needing a context-sensitive approach to
address them. Research explores emerging technologies, alternative development strategies, and future
scenarios that can accelerate sustainable development, such as technological innovation, institutional reform,
inclusive governance that addresses inequalities and social inequalities, calling for sustainable development.
Overall, the findings suggest that comprehensive policies, good governance and implementation are needed
to promote sustainable development to lead the world towards a sustainable, inclusive and sustainable future.

Review of Related Literature
Environmental Sustainability

Environmental sustainability is considered a fundamental pillar of sustainable development, encompassing
the protection of ecosystems, the conservation of natural resources, and the maintenance of climate balance.
The available literature clearly shows that environmental challenges are profound, complex, and multifaceted,
undermining the development gains achieved globally to date. Climate change and biodiversity loss have
appeared as major problems, affecting the stability of natural systems and negatively affecting human lives
and livelihoods (Hoffman, 2022). Studies have shown that the continuous expansion of human activities, rapid
land-use changes, the adverse effects of climate change, and the spread of invasive species are placing
immense pressure on protected natural areas worldwide, resulting in the failure to meet many conservation
targets (Hoffman, 2022). Deforestation also presents a serious environmental challenge, with the increasing
demand for food, fuel, and fibre driving the rapid degradation of tropical forests, directly contributing to the
acceleration of climate change and the extinction of numerous plant and animal species (Delabre and
Alexander, 2020). Furthermore, some development initiatives undertaken in the name of sustainability may
inadvertently worsen environmental damage. A study in the Peruvian Amazon found that efforts to promote
so-called sustainable cocoa production encouraged farmers to expand further into forested areas, leading to
increased deforestation and ecological degradation (Locke and Alexander, 2023). This finding underscores
the fact that even well-intentioned initiatives considered for sustainable development can worsen
environmental problems if the environmental impacts of development projects are not properly and
comprehensively assessed during planning and implementation (Locke and Alexander, 2023; Delabre and
Alexander, 2020).

A major environmental problem associated with economic activities is their linear and wasteful nature, which
poses a serious challenge to environmental sustainability. The problems associated with waste management
clearly illustrate this situation. Studies have shown that in the traditional linear economy, most waste is
disposed of in landfills or incinerated, leading to increased environmental pollution and significant loss of
valuable resources (Lee et al., 2020). A prime example of this is global electronic waste, which reached
approximately 53.6 million tons in 2019, yet about 83 percent of this total waste was not formally recorded,
meaning it was either dumped in open areas or burned uncontrollably, posing serious risks to both human
health and the environment (Lee et al., 2020). Meanwhile, only about 17 percent of global electronic waste
was collected and recycled, highlighting the limitations of existing waste management systems. Furthermore,

.o ..o - __________________________________________________________________________________|
©IJARPS JOURNAL, 2025 WWW.IJARPS.ORG 53



eISSN 2583-6986

IDEALISTIC JOURNAL OF ADVANCED RESEARCH IN PROGRESSIVE SPECTRUMS (IJARPS)
A MONTHLY, OPEN ACCESS, PEER REVIEWED (REFEREED) INTERNATIONAL JOURNAL
Volume 04, Issue 12, December 2025

studies have also shown that electronic waste has many hazardous elements and toxic components that, if not
effectively managed, leach into the soil and water, causing pollution and long-term environmental damage
(Shahabuddin et al., 2023). The figures and findings clearly emphasize that current consumption and waste
disposal practices are unsustainable and that structural and policy changes in waste management are urgently
needed to achieve environmental sustainability.

Despite the severity of environmental challenges, the available literature also highlights several significant
opportunities and strategies for strengthening environmental sustainability. One key strategy is the transition
from a linear economy to a circular economy, which emphasizes waste reduction, reuse, and recycling. The
fundamental aim of a circular economy is to use waste as a valuable resource rather than a burden, thereby
conserving natural resources and reducing environmental pollution (Lee et al., 2020). The "Zero Waste Cities"
initiative launched by China in the context of municipal solid waste management is a significant example in
this regard, aiming to promote a shift towards a carbon-circular economy. Based on studies of best practices
adopted in countries like Germany, China is implementing measures to improve the entire waste management
chain, including waste prevention, source separation, mechanical recycling, and energy recovery from residual
waste (Lee et al., 2020). Such measures can not only significantly reduce environmental pollution but also
ensure more efficient resource use, as waste is viewed as a valuable input for other production processes.
Furthermore, studies on electronic waste have revealed a substantial proportion of recoverable materials such
as metals and plastics, which, if recovered in a circular manner, can be diverted from landfills. In this context,
Figure 1 illustrates the composition of various materials in the electronic waste stream, clearly proving how
circular economy-based strategies can play an effective role in promoting environmental sustainability (see
Figure 1).
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Figure 1. This figure illustrates the typical composition of materials found in electronic waste, a significant
portion of which consists of metals and plastics that can be recovered (adapted from Shahabuddin et al., 2023,
based on Ilankoon et al., 2018). Furthermore, recent advancements in recycling technologies, such as chemical
recycling for plastics and safe processing of electronic waste, are proving highly beneficial in the effective
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management of complex waste streams and are strengthening the environmental sustainability of waste
management.

Another crucial area for achieving environmental sustainability is the sustainable management of resources
through technology-based and nature-based solutions. Studies have shown that adopting innovative
approaches, including climate-sensitive management strategies that expect and adapt to the potential impacts
of climate change, can make the management of protected areas more effective. Similarly, biosecurity
measures to control invasive species and bio-cultural conservation models that integrate the traditional
knowledge and cultural values of local communities into conservation efforts have also proven highly
beneficial, as these measures contribute to the resilience and long-term sustainability of ecosystems (Hoffman,
2022). Furthermore, increasing financial resources for conservation activities is considered essential, which
can be achieved through measures such as the economic valuation of ecosystem services. Strengthening
environmental monitoring systems through remote sensing technologies and open data platforms can also
significantly improve the effectiveness of conservation efforts. Comparative analyses of various studies also
show that environmental sustainability cannot be achieved in isolation but is deeply intertwined with economic
activities and social behaviours. Therefore, circular economy initiatives, community-based conservation, and
other environmental opportunities can only succeed when accompanied by changes in economic incentives
and active societal participation.

Economic Sustainability

Economic sustainability means managing financial and physical resources in a way that supports long-term
development without creating economic instability or inequality. The reviewed literature clearly shows that
steering economic activities onto a sustainable path is a challenging process, but it can be achieved through
innovation and systemic changes. A major challenge in this regard is the still prevalent linear production
model, which assumes unlimited resources and treats waste disposal as virtually costless. This leads to reduced
landfill capacity and increased greenhouse gas emissions from waste, undermining both economic and
environmental goals (Lee et al., 2020). Another serious problem is the massive waste of valuable resources.
Studies estimate that the raw materials contained in the electronic waste generated worldwide in recent years
had an economic value of approximately US$57 billion, but only about US$10 billion worth of these resources
were recovered through recycling, being a significant economic loss (Shahabuddin et al., 2023). Thus, billions
of dollars' worth of metals, plastics, and other useful materials are wasted. Furthermore, unsustainable supply
chains in sectors such as agriculture create hidden economic costs by damaging forests, soil, and water
resources, ultimately jeopardizing the long-term viability of the industries that depend on these natural
resources (Lee et al., 2020).

Another major challenge related to economic stability is ensuring the availability of sufficient financial
resources for sustainable development initiatives. Studies have shown that many countries, particularly at the
local level, face significant financial difficulties in implementing the Sustainable Development Goals (SDGs).
A review of health-related SDGs revealed that while political commitment is often evident at the policy level,
implementation is frequently hampered by limited budgets and over-reliance on external donor agencies,
which can jeopardize the long-term financial sustainability of development programs (Aftab et al., 2020).
Furthermore, economic inequality appears as a significant obstacle to sustainable development, existing both
between and within countries. Poorer communities have limited access to green technologies, capital for
sustainable enterprises, and opportunities for innovation, while wealthier economies continue to consume
resources disproportionately and excessively. This economic disparity not only hinders the fair distribution of

development benefits but also undermines the prospects for global stability. Although the reviewed studies
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did not directly quantify this economic divide, it stands out as a major concern inherent in the spirit of the
SDGs, particularly in relation to the goal of reducing inequalities, which is crucial for inclusive and balanced
global sustainable development (Aftab et al., 2020).

The available literature points to several effective ways to strengthen economic sustainability, with the shift
towards a circular and resource-efficient economy being considered particularly important. Unlike the
traditional linear production model, which follows a process of production, consumption, and eventual
disposal, a circular economy aims to keep resources in use for as long as possible and recover the value
contained within them at the end of their life cycle. Studies have shown that adopting circular strategies in
waste management, such as recycling, recovery, and reuse, can not only reduce environmental pollution but
also yield significant economic benefits by using secondary materials instead of primary resources (Lee et al.,
2020). For example, the recovery of metals from urban waste is emerging as a profitable economic activity,
with studies showing that one metric ton of scrap circuit boards can contain approximately 1.5 kilograms of
gold and 210 kilograms of copper, significantly higher quantities than those found in conventional mining
ores. Thus, the urban "mining" of electronic waste, through the right technologies and business models, can
become a profitable source of raw materials (Lee et al., 2020). Similarly, the potential for value addition in
industrial by-products is also considered crucial for economic sustainability. In the context of the paper and
pulp industry, it has been shown that kraft lignin, which is typically burned for energy production, is a
renewable phenolic polymer that can be used in the production of biofuels, carbon fibres, polymers, and other
high-value products (Argyropoulos et al., 2023). By finding higher value uses, the use of lignin can not only
strengthen the sustainability of the production process but also generate new revenue streams and reduce
reliance on fossil fuels. This example clearly proves how technological innovation can provide solutions that
reduce waste and increase the economic efficiency of production, thereby achieving both environmental and
economic goals simultaneously (Argyropoulos et al., 2023; Lee et al., 2020).

Innovative financing and market-based mechanisms have also appeared as important opportunities for
promoting economic sustainability. Several studies have emphasized new ways of mobilizing finance for
sustainable development, including budget allocations linked to the Sustainable Development Goals, tax
reforms to increase domestic revenue for social programs, and various incentive schemes to encourage private
sector investment in sustainable projects (Aftab et al., 2020). Furthermore, using private capital towards
sustainable development through partnerships between the public and private sectors has also been considered
an effective approach, as seen in initiatives related to renewable energy infrastructure or sustainable
agriculture (Aftab et al., 2020). In the context of supply chains, it has also been seen that many large
multinational corporations are committing to cutting deforestation from their raw material supply and thus
using their market power to advance sustainability standards (Delabre, 2020). For example, by prioritizing the
purchase of certified sustainable materials such as palm oil or cocoa, companies can shift economic demand
towards more sustainable practices. However, studies have also cautioned that the design of these initiatives
and the power dynamics involved are crucial, as there may be discrepancies between the economic
considerations presented by companies and the perspectives of local non-governmental organizations,
potentially leading to the prioritization of "sustainability" solutions that are business-friendly but limit deeper
and transformative change (Delabre, 2020). This emphasizes that achieving economic sustainability does not
depend solely on new technologies or financial resources but also requires inclusive and accountable
governance to ensure that the benefits and costs of change are distributed equitably (Aftab et al., 2020;
Delabre, 2020).
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In short, economic sustainability will require redesigning production systems, adopting a circular economy,
using clean eco-friendly technologies and prioritizing resource efficiency Creating new forms of economic
value through waste reduction and innovation will be equally important to not only reduce resource depletion
but generate additional income and jobs. Wise and targeted use of financial resources with active public private
sector participation is also essential to strengthen economic sustainability although challenges such as short-
term costs, resistance from established interest groups and structural complexity can complicate this process
and development can be decoupled from social inequality, to ensure long-term, inclusive and balanced
progress.

Social Sustainability

The primary aim of social sustainability is to keep and improve social quality overall, including key elements
such as equity, health, education, gender equality, social cohesion, cultural vitality, etc. Social sustainability
challenges seem interconnected at many levels Marginalization and in many initiatives, it leads to uneven
distribution, which further increases social discontent and inequality. Thus, achieving social sustainability
requires not only ensuring equal access to basic services and opportunities, but also prioritizing the active and
meaningful participation of local communities and different social groups in development decisions.

Health equity is a prime and important example of social sustainability. Health is clearly included as a
standalone goal in the SDGs, but numerous other goals, such as poverty alleviation, education, gender equality,
clean water and sanitation, affect health outcomes directly or indirectly. Access is also ensured for
marginalized groups (Aftab et al., 2020). Promote equity, policies such as universal health coverage and social
insurance schemes can be adopted, aimed at improving the availability and accessibility of health services for
the poor and vulnerable (Aftab et al., 2020). This shows progress, as effectively implemented social protection
and public services can help reduce social inequality. But the study also cautions that solid evidence on the
real effectiveness of these policy measures is still limited, especially at the sub-national level. Lack of
disaggregated data by income, gender and other social indicators makes it difficult to assess whether the
poorest and most disadvantaged actually benefit from these initiatives. No social group is left behind in the
process of achieving sustainable development goals (Aftab et al., 2020).

Education and capacity building are critical elements for strengthening social sustainability. Studies have
shown that rapid population growth in African countries is leading to the emergence of large young
populations, especially driven by areas such as design and sustainability, and with great potential for
innovation (Nilsson et al., 2022). This young energy can promote innovative solutions related to sustainable
development, but several structural barriers exist. For example, Africa has one of the lowest per capita
numbers of engineers in the world, traditional education systems often do not provide students with practical,
collaborative and critical thinking skills (Nilsson et al., 2022). Low- and middle-income countries are
lopsided, limiting the possibility of mutual learning (Nilsson et al., 2022). Initiatives like AFRICA-DESIGN
play an important role in addressing these challenges, bringing together design educators and professionals
from other regions of Africa to foster collaborative learning and co-creation (Nilsson et al., 2022). Such
initiatives show that education and social sustainability are deeply intertwined, as through inclusive
collaboration, where knowledge flows in both directions and local context are valued, innovation processes
can be developed that respond to local needs and enrich global knowledge. This approach can empower
communities that have historically been mere consumers of knowledge as co-creators of knowledge,
strengthening social sustainability through capacity, participation, and self-reliance (Nilsson et al., 2022).

.o ..o - __________________________________________________________________________________|
©IJARPS JOURNAL, 2025 WWW.IJARPS.ORG 57



eISSN 2583-6986

IDEALISTIC JOURNAL OF ADVANCED RESEARCH IN PROGRESSIVE SPECTRUMS (IJARPS)
A MONTHLY, OPEN ACCESS, PEER REVIEWED (REFEREED) INTERNATIONAL JOURNAL
Volume 04, Issue 12, December 2025

Technology also plays an important role in strengthening social development. Studies have shown that
advanced technologies such as the Internet of Things (IoT) are not limited to increasing industrial efficiency
in wealthy countries but also have the potential to improve the quality of social services in developing areas
(Lopez-Vargas et al., 2020). Examples include using remote sensors has enabled effective water supply
management in rural communities, while loT-based systems to monitor cold chain storage of vaccines have
helped ensure effectiveness of vaccination programs and low-cost IoT-based energy meters can extend
electricity access, benefiting energy-disadvantaged populations (Lopez-Vargas et al., 2020). When these
technologies are combined with cost-effective business models, such as pay-as-you-go solar energy systems,
needed services can be more accessible, reliable and inclusive, especially for marginalized communities. [oT
deployment faces barriers such as limited connectivity, lack of technical skills, and the need to adapt devices
to local conditions (Lopez-Vargas et al., 2020). However, available evidence suggests that if technological
innovations are developed and implemented with an inclusive approach and tailored to local needs, can
strengthen social outcomes in areas such as disaster management, leading to economic and environmental
benefits as well as strengthening the social pillar of sustainable development (Lopez-Vargas et al., 2020).

Cultural and community dimensions are also of particular importance in the concept of social sustainability.
Studies have shown that cultural heritage initiatives can contribute significantly to social development, but
their real impacts are often understated. A study of small-scale archaeological and cultural heritage projects
in Peru, for example, showed that although such projects promote job creation and cultural pride, their broader
social and developmental impacts are neither systematically measured nor clearly presented (Dupeyron,
2021). This lack of impact assessment represents an important missed opportunity, as it could provide insight
into how these projects contribute to community empowerment, cultural identity preservation, and local
development. Studies suggest that if such projects include rigorous and transparent impact, assessment with
community participation are responsible (Dupeyron, 2021). Broadly, social sustainability demands
participation and inclusion, with development initiatives engaging diverse stakeholders, respecting local
knowledge and experiences, and prioritizing outcomes such as livelihood improvement, equity and cultural
continuity. A clear example of this comes from Peru, where sustainability initiatives aimed at engaging
smallholders in conservation-oriented cocoa production inadvertently reinforced traditional marginal
dynamics, resulting in greater benefits for relatively wealthy or better-connected farmers while forest-
dependent communities faced further economic instability (Lock & Alexander, 2023). These findings make
clear that inclusive planning, community-cantered approaches and consistent social impact assessments are
essential for sustainable development initiatives to truly drive social progress (Dupeyron, 2021; Lock &
Alexander, 2023).

In summary, the available literature emphasizes that a human-centered approach is at the heart of sustainable
development. Adopting equity-based policies in areas such as health and education, ensuring active
community participation in conservation design initiatives, and using technology appropriately and inclusively
for development all play a crucial role in strengthening the social fabric and human capital. While reaching
the most vulnerable and marginalized groups and shifting institutional power dynamics stay significant
challenges, the studies reviewed present several inspiring examples where positive and meaningful change
has been achieved through social innovation, participatory approaches, and a commitment to leaving no one
behind.

Policy and Governance Issues

Effective policy and governance systems provide an enabling environment for sustainable development, as

even well-intentioned sustainable development initiatives fail on the ground in the absence of coherent
... - ________________________|
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policies, strong institutions and good governance. In practice, however, several governance challenges arise.
A major problem is lack of coordination between different government levels and departments, with individual
ministries and departments often pursuing separate aims and lacking horizontal and vertical coordination,
duplicating efforts in some areas and neglecting other key areas (Aftab et al., 2020). This problem is
particularly clear in federal or decentralized governance systems, where policies at the national level are not
effectively implemented at provincial or local levels, and local administrative capacity is limited (Aftab et al.,
2020). Seen in context, where only a limited number of countries have specific laws, and where laws do exist,
they often lack effective enforcement, resulting in persistent environmental health risks (Shahabuddin et al.,
2023). This situation highlights the wider problem that policymaking in many sustainability areas has not kept
pace with real challenges, factors such as institutional weakness, lack of political will, corruption further
weaken governance. Multi-stakeholder forums can help mobilize resources and increase legitimacy (Delabre&
Alexander, 2020). However, the balance of power and nature of discussions in these forums is important, as
different stakeholders have different perspectives and interests, which may prioritize some solutions and
marginalize others, especially community-based or more transformative options (Delabre& Alexander, 2020).
Several studies also emphasized the need to enhance governance capacity, including strengthening data
systems, developing monitoring and evaluation mechanisms, and building institutional capacity to make
policy decisions evidence-based and strengthen learning processes (Hoffmann, 2022; Dupeyron, 2021).
Overall, the literature is clear that principles of good governance, such as participation, transparency,
accountability, equity and rule of law are essential for sustainable development, and where these have been
institutionalized through national plans, budgetary processes and innovative governance measures. Whether
through policy strengthening, better coordination, or active participation of all stakeholders, ambitious
sustainable development goals will be hard to achieve, while efforts towards governance innovation and
reform can bring about concrete positive changes towards sustainable development (Aftab et al., 2020;
Delabre& Alexander, 2020; Delabre& Alexander, 2020 Hoffman, 2022).

Regional, National, and Global Sustainability Challenges

The challenges of sustainable development manifest themselves differently at global, national, regional and
local levels, although they are deeply interconnected. The existing literature clearly shows that context matters,
as strategies that are successful in one country or community may not be as effective elsewhere. While there
is global consensus on challenges such as climate change, countries lack the capacity to address them. High-
income countries have comparatively more resources to plan, monitor, and implement SDGs, while low- and
middle-income countries often rely on international cooperation and assistance, creating a paradox: areas that
need SDGs the most have the least capacity to respond (Aftab et al., 2020). This can be seen in waste
governance, where lack of policy framework in Southeast Asia and Africa unlike strict regulations and high
collection rates in Europe increases environmental health risks and highlights global disparities (Shahabuddin
et al., 2023). It plays a leadership role in addressing waste and pollution problems, while in others economic
pressures or domestic priorities undermine the sustainable development goals (Li et al., 2020; Aftab et al.,
2020). Moreover, in countries with decentralized governance, the capacity of local administrations plays an
important role in the success of sustainable development goals if resources and skills are lacking at the sub-
national level and national policies do not achieve the desired results. This was seen in marginalized rural
areas, where context-specific models were developed to simultaneously conserve forests and reduce rural
poverty, but these also had some unintended consequences (Lock & Alexander, 2023). Low-lying coastal
areas are also highly affected by climate change and sea level rise, thus requiring targeted adaptation strategies.
Literature also suggests that international collaboration and networking can be very useful in addressing
e oo oo
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multilevel challenges, such as the Africa Design Initiative (Nilsson et al., 2022), while development
partnerships and collaboration with UN agencies can help address challenges in resource-rich areas (Aftab et
al., 2020). Finally, the principle of “common but differentiated responsibilities” makes clear that although all
sectors should contribute to sustainable development, their strategies and priorities will vary according to their
capabilities and circumstances, and technology transfer and innovation, such as IoT or decentralized
renewable energy systems in developing countries. Concerted efforts are needed at levels, with global
agreements providing direction, framing national policies, and local initiatives driving innovation and
implementation. Experiences from different sectors offer opportunities to learn from each other and increase
synergies (Aftab et al., 2020; Lee et al., 2020; Locke and Alexander, 2023; Nilsson et al., 2022; Shahabuddin
et al., 2023)

Emerging Innovations, Models, and Future Opportunities

A very optimistic aspect of today’s literature is the rapid development of numerous innovations and new
paradigms aimed at advancing sustainable development, spanning technology, policy, business, and grassroots
initiatives, including expanding digital connectivity enabling smart solutions in managing Agri-energy, water
management, disaster risk reduction. Enabled real-time detection of environmental hazards, which increased
efficiency and resilience even in developing regions (Lopez-Vargas et al., 2020). It is suggested that inclusion
IoT innovations in combination with inclusive business models, such as pay-as-you-go services, can ensure
their affordable availability and accelerate the spread of IoT4D. This contributes to achieving sustainable
development goals such as clean water, clean energy and health (Lopez-Vargas et al., 2020). In addition,
significant progress has been made in data monitoring, including remote sensing technology, open data
platforms, and artificial intelligence-based analytics enabling monitoring of environmental change, social
indicators, and project outcomes. Development of bio-based alternatives, including pulp industry waste kraft
lignin. Circular economy models, including conversion to biofuels, bioplastics and carbon fibre, have emerged
as particularly impactful approaches integrating these innovations, including chemical recycling able to
process complex waste streams difficult to recycle by traditional methods, economic and environmental
benefits for precious metals recovery Providing electronic waste and urban mining (Lee et al., 2020;
Shahabuddin et al., 2023). Innovations at this socio-institutional level as well, such as networks fostering
mutual learning between global South and North, ensuring solutions developed in resource-scarce contexts
are globally adopted and knowledge flows bidirectional (Nilsson et al., 2023). In addition, financial
innovations and corporate sustainability trends strengthen future prospects, with such mechanisms as
budgeting linked to sustainable development goals, green finance, green bonds, sustainable investment that
attracts private capital for large-scale sustainability projects, supply chain transparency and internal carbon
pricing Initiatives inspire greater responsibility of companies (Aftab et al., 2020). Overall, literature shows
that the future of sustainable development holds promise for these various emerging innovations in
technology, processes, collaboration, and finance, but will need supporting policies and multisectoral
partnerships to realize their true potential (Argyropoulos et al., 2023).

Table: Key Sustainability Challenges and Opportunities from Reviewed Studies

The following table summarizes the primary challenges and opportunities found in each of the ten reviewed
studies, which span diverse sectors and contexts. This comparative view highlights both unique and common
themes across the literature.
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Study (Year)  Focus Area &

Context

Cultural
heritage &
sustainable

development

Dupeyron
(2021)

(Peru case —
Sustainable

Preservation
Initiative)

Argyropoulos Industrial

et al. (2023) waste
valorisation
(Kraft lignin in
pulp & paper
industry)

Internet of
Things (IoT)
for global
development
(ICT in
developing

Lopez-Vargas
et al. (2020)

Key Challenges
Identified

Effects of heritage
projects rarely
measured or
articulated in
development terms,
undermining
accountability and
learning.
Evaluating small,
community-based
projects is difficult
due to limited
resources, data, and
ability; evaluation
often seen as a
“luxury” for small
organizations.

Current practice
largely burns lignin
for low-efficiency
energy, which is
economically and
environmentally
suboptimal.
Challenges in using
lignin include its
complex molecular
structure, variability,
and the techno-
economic feasibility
of extraction and
conversion
processes.
Developing regions
face infrastructure
and connectivity
gaps, making [oT
deployment
challenging.

Key Opportunities Identified

Use of an evaluability
assessment framework to
systematically design and
measure project impacts.

Inclusion of practical
evaluation methods yields
suggestions to document

multifaceted social, economic,
and cultural impacts,
enhancing project
sustainability and replicability.

Kraft lignin is a renewable
resource that can be
transformed into value-added
products (biofuels,
biochemicals, carbon fibres,
etc.), offering a boost to the
sustainability and profitability
of pulp mills.

Intense research into lignin
applications is underway, with
potential to replace fossil-
based materials and contribute
to a circular bioeconomy.

IoT has significant potential to

improve efficiency and service

delivery in sectors like energy
(smart grids), water (sensors
for supply), health (vaccine
cold-chain monitoring), and
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countries to
achieve SDGs)

Aftab et al.
(2020)

Implementation
of health and
health-related
SDGs (Global

systematic

review of
national
efforts)

Delabre et al.
(2020)

Tropical forest
protection &
sustainable
supply chains
(Comparative
case: NGO in

Technical and social
hurdles such as
unreliable power,
harsh environmental
conditions, lack of
skilled personnel,
and cultural
differences must be
overcome for IoT
projects.

High-level
commitment to
SDGs does not

always translate into
effective action on
the ground — lack of
coordination
between government
levels and sectors is
a major barrier.
Funding constraints
are common; many
countries rely on
existing budgets and
external aid,
resulting in
insufficient or
unsustainable
financing for SDG
programs.
Limited capacity for
data collection and
monitoring (e.g.,
disaggregated data)
hinders tracking of
equity and progress.

Governance
involves “non-state
actors, but power

29

dynamics and
divergent framings
of “sustainability”

disaster warning in the
developing world.
Combining low-cost [oT
devices with pay-as-you-go
models is identified as the best
scenario to disseminate IoT for
Development (IoT4D),
expanding access while
staying affordable.

Many countries have aligned
SDGs with their national
development plans, creating an
opportunity for integrated
approaches embedded in
existing institutions.
Adoption of multisectoral and
multi-stakeholder strategies:
new or existing coordinating
bodies are bringing together
health, finance, education, etc.,
to work on SDG targets in a
more integrated way.
Innovative financing
approaches appearing — e.g.,
SDG-specific budgeting,
increasing domestic revenue
through taxes/subsidies, and
partnerships with private
sector and donors — to
mobilize added funds.
Use of alternative data sources
and improved data systems
(surveys, administrative data,
engaging civil society) to
better monitor progress and
target interventions.

Broad multi-stakeholder
coalitions are being formed to
tackle deforestation — both the

NGO and the corporation
actively take part in forums
that include governments,
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Brazil vs. exist: a local NGO businesses, and civil society,
multinational vs a global which can enhance legitimacy
Unilever) corporation and resource pooling.
emphasize different Alignment of certain
narratives (e.g., strategies: both actors support
smallholder tropical forest protection goals
empowerment vs and engage small farmers
supply efficiency), = (through support programs or
potentially leading certification), showing
to conflicts or potential for public—private
exclusion of certain partnerships in achieving
approaches. SDGs if their efforts are
Risk that coordinated.
sustainability Non-state actors can influence
strategies led by public policy; for example,
powerful actors may NGO monitoring and
exclude or corporate commitments can
overshadow strengthen the implementation
alternative models of forest governance by

(e.g., agroecology or  supplementing state capacity.
community forestry)
that might be more
sustainable but less
aligned with
dominant interests.

Hoffmann Area-based Protected area Adoption of new management
(2022) conservation management faces approaches provides hope:
for biodiversity = intensifying threats: biocultural conservation
& SDGs human land-use (engaging indigenous/local
(Global review  expansion, climate communities and their
of protected change altering knowledge) helps reconcile
areas) ecosystems, and human needs with

invasive species, all conservation; climate-smart
of which undermine  strategies expect and mitigate

conservation climate impacts on
effectiveness. biodiversity; biosecurity
Many protected measures help control invasive
areas suffer from species.
social, political, and Shifting policies to enable
economic greater financial support —e.g.,
limitations e.g., using economic valuation of
inadequate funding, = ecosystem services to justify
insufficient staff funding, and prioritizing
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capacity, and
conflicts with local
human needs

conservation in budgets — can
improve protected area
effectiveness.
Leveraging technology and
open data: in-situ sensors,
satellite remote sensing, and
open-data platforms can fill
information gaps, enabling
better planning and adaptive
management of protected
areas.

Applying adaptive
management within a
systematic planning
framework allows protected
area networks to adjust to
uncertain future conditions,
ensuring long-term
sustainability of conservation

(poverty, resource
use).
Critical data gaps:
lack of continuous,
reliable data on
biodiversity status
and threats means
managers often act
blindly; monitoring
systems are not
keeping pace with
what’s needed for
prompt decisions.

to low-income
institutions, limiting
mutual learning.
African higher
education and
industry face
capacity challenges
—e.g., few engineers
per capita, reliance
on traditional
pedagogy — risking a
“brain drain” or
missing new tech
advancements.
Organizational

efforts.
Nilsson et al. Design and Collaboration Mutual learning networks (like
(2022) innovation barriers: North— the Design Society’s AFRICA-
collaboration South partnerships DESIGN initiative) create
(Global often have unequal platforms for academics and
network with power relations, practitioners across continents
focus on with to share knowledge, fostering
Africa) abilitypredominantly two-way learning and co-
flowing from high- creation of solutions.

Huge demographic opportunity
in Africa: a young, growing
population eager to engage in
design and sustainability can
drive innovation if empowered
— e.g., through team-based
learning programs and
challenge-driven education.
Possibility to leapfrog:
countries with less entrenched
legacy infrastructure can adopt
disruptive sustainable
technologies and practices
more readily (e.g., renewable
energy, circular design),
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issues (funding,
administrative
hurdles) can impede
sustained
international
collaboration in
design for
sustainability.

Lee et al.
(2020)

Sustainable China’s rapid

waste urbanization and

management &  economic growth

circular led to a waste crisis:
economy municipal solid
(China’s waste (MSW)
transition, production soared,

learning from
Germany)

outpacing the
capacity of waste
infrastructure and
causing
environmental
pollution (e.g.,
methane emissions,
groundwater
contamination from
landfills).
Waste management
was traditionally
linear — heavy
reliance on
landfilling and some
incineration —
leading to resource
loss and emissions.
Technical and
administrative
challenges in
transitioning an
entire national waste
system (hundreds of
cities) to new
methods, including

avoiding past resource-
intensive development paths.
Increasing “reverse
innovation” flow — innovations
from low-income contexts
being adapted in high-income
ones — is recognized as
valuable, prompting initiatives
to actively support idea sharing
from South to North.

Comprehensive national
strategy (“Zero Waste City”
initiative) introduced to pivot
towards a circular economy in
waste management.
Drawing on international best
practices: Germany’s
experience with the waste
hierarchy (reduce—reuse—
recycle—recover) offers proven
measures that China can adapt
—e.g., extensive recycling
systems, waste separation at
source, waste-to-energy
facilities for what cannot be
recycled.
Identification of specific
transference opportunities:
promoting waste prevention

(public awareness campaigns),

improving recycling rates via

new infrastructure and sorting

technologies, introducing
advanced methods like
chemical recycling as a
complement to mechanical
recycling, and expanding
energy recovery for residual
waste.
Co-benefits of this transition

include reduced pollution (air,

soil, GHG emissions),
conservation of resources
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Shahabuddin
et al. (2023)

Electronic
waste (e-waste)
trends,
challenges,
prospects
(Global
overview)

securing investment
and public
participation in
recycling programs.

Explosion of e-
waste: due to rapid
technological
turnover, global e-
waste is increasing
sharply each year
(53.6 Mt in 2019, up
21% from 2015),
creating a growing
waste stream that is
difficult to manage.
Only ~17% of e-
waste is formally
recycled; major
challenges include
collection systems,
proper sorting of
diverse components,
and technical
difficulties in
recycling complex
mixes (metals,
plastics, hazardous
substances).
Regulatory gaps:
only 78 countries
have e-waste laws,
and enforcement is
weak — many

developing countries

in Asia and Africa
have little to no
legislation, leading
to informal and
unsafe e-waste
handling.

(using recycled materials
reduces need for raw
materials), and enhanced
energy security by converting
waste to energy.

Enormous recoverable value in
e-waste provides economic
incentive for improvement —
the global raw material value
of e-waste is estimated at tens
of billions of dollars (with
precious metals like gold,
silver, copper).
Establishing country-specific
e-waste standards and
legislation, coupled with
effective implementation, can
formalize the recycling sector,
create jobs and reduce
environmental damage.
Government incentives
(financial support, R&D in
recycling tech) and public
awareness campaigns are
proposed to encourage the
development of cost-effective
recycling technologies and
increase collection rates.
Integrating e-waste
management into the circular
economy: by recycling and
recovering materials, e-waste
can become a source of
secondary raw materials,
contributing to resource
security and emissions
reductions (15 Mt CO2 offset
by current recycling).
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Lock & Sustainable
Alexander development
(2023) “frontiers”

(Land-use

transitions in
forest frontiers
— case of
sustainable
cocoa in Peru)

Sustainability
initiatives in forest
frontier regions face
a paradox: efforts to
promote sustainable
commodities (like
certified
“deforestation-free”
cocoa) can
inadvertently attract
more farmers into
frontier areas,
spurring new
deforestation and
environmental
degradation.
The model studied
(Production—
Protection—
Inclusion) aimed to
integrate
conservation and
development, but in
practice, economic
instability and
market forces (e.g.,
price volatility for
cocoa) continue to
pose risks to
smallholders,
limiting true social
upliftment.
Narratives of
sustainable
development, if
driven by external
actors, may obscure
local realities and
alternative
approaches — local
communities might
have livelihood
strategies not fully

The Production—Protection—
Inclusion (PPI) model itself is
an innovative framework that

recognizes the need to
simultaneously address
environmental conservation,
economic development, and
social inclusion. It isa
comprehensive approach
where farmers are supported to
shift to sustainable production
(e.g., shade-grown cocoa)
while protecting forests and
including marginalized groups
in value chains.
Multi-actor collaboration:
government agencies,
international donors,
cooperatives, and private
companies all participated in
the Peru initiative, which
created an opportunity for
integrated land-use planning
and resource pooling
(technical assistance to
farmers, monitoring of forests,
etc.) — a template that could be
improved and applied in
similar frontier contexts.
Lesson learned and future
opportunity: to truly deliver
development and reduce
deforestation, such models
must incorporate feedback to
avoid unintended incentives
(e.g., offer livelihood
alternatives that decouple
income from land expansion).
The case highlights the
importance of ongoing
adaptation of sustainable
development models to ensure
they do not reinforce the very
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accounted for in the problems they look to solve

project’s design, but rather empower
leading to partial communities with sustainable
success at best. livelihoods.

Sources: Summarized from the respective articles: Dupeyron (2021); Argyropoulos et al. (2023); Lopez-
Vargas et al. (2020); Aftab et al. (2020); Delabre et al. (2020); Hoffmann (2022); Nilsson et al. (2022); Lee et
al. (2020); Shahabuddin et al. (2023); Lock & Alexander (2023).

Research Gaps and Future Directions

While the existing literature offers important insights into sustainable development, this review highlights
several research gaps and the need for further investigation to support the practical implementation and
academic progress of sustainable development. Further empirical research is needed to analyse environmental,
economic, and social impacts to understand how the achievement of one goal affects the goals of others. For
example, questions such as how increased access to energy affects climate mitigation or health outcomes, or
under what conditions deemed sustainable agricultural production models may lead to unintended
environmental and social consequences require more empirical research in low-income countries and regions.
Future studies should focus on identifying effective models of local governance innovation, community-led
initiatives, and capacity building to more effectively localize sustainable development goals. Several authors
stressed the need for more granular, reliable, and easily accessible data Research. They also addressed how to
integrate national and international reporting systems for remote sensing technologies, mobile data,
community monitoring and open data platforms, as well as a conspicuous lack of longitudinal evaluation-
based studies on how to address governance issues such as data standardization, privacy and access.
Sustainable development projects have been implemented, but their real socio-economic and environmental
impacts are not systemic and evaluated after more than fifteen years. Future research should focus on
longitudinal studies and the development of evaluation frameworks to understand which strategies deliver
truly sustainable benefits. Financing and economic change also remain important areas of research, including
understanding how to mobilize and sustain large investments needed for sustainable development, and what
financial models can be adopted at scale to ensure sustainable change that does not adversely affect vulnerable
communities. It is important to understand how policies are coordinated across sectors in line with the
Sustainable Development Goals, and what institutional arrangements produce the best outcomes. Furthermore,
continued research into aspects of social inclusion and justice is essential, including understanding the roles,
voices and leadership of marginalized groups, women, youth and Aboriginal communities. It can be done at
national and global levels. Addressing these gaps will require collaboration between interdisciplinary
approaches, researchers, policymakers and the community, and research based on real needs, especially as the
2030 deadline approaches and the demand for implementation-based, policy-relevant knowledge grows
rapidly.

Conclusion

Sustainable development is a comprehensive goal that requires unprecedented levels of concerted effort in the
environmental, economic and social sectors. This review of recent studies confirms that while challenges such
as climate change, ecosystem degradation, persistent poverty and lack of governance are profound, there are
many opportunities and positive trends that can be effectively harnessed. Economic sustainability challenges,
such as green growth and the need for financial inclusion, are leading to new approaches to resource
assessment and development financing, as evidenced by experiments such as lignin assessment, urban mining
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of electronic waste and sustainable financial mechanisms. Social sustainability, which ensures development
benefits reach everyone, is increasingly recognized in policies and initiatives, such as universal healthcare,
universal education, and collaborative efforts empowering communities and marginalized groups.
Multidimensional strategies that understand the links between environmental health, human health, economic
policy, and social outcomes can lead to more sustainable progress, as demonstrated by Peru's production-
conservation-inclusion model or multi-stakeholder supply chain initiatives in Brazil. Progress towards the
Sustainable Development Goals is relatively rapid with high levels of political commitment backed by strong
institutional frameworks, coordination mechanisms and accountability-based legal regimes while lack of
coordination, poor enforcement and lack of data transparency can hamper even the best initiatives. In this
context, it is encouraging that many countries are aligning their national agendas with the Sustainable
Development Goals and experimenting with new governance models, such as participatory planning and
collaboration with civil societies and academic institutions. Moreover, rapid technological and social
innovations are another source of hope for sustainable development, with renewable energy, internet of things,
remote sensing, biotechnology, knowledge sharing and new methods broadening the scope of solutions but
these innovations must adequately manage potential risks in communities that need them most. It is equally
important to ensure. Finally, this review underlines that sustainable development is a collective and continuous
learning process, which will include challenges, contradictions and temporary setbacks. But comparative
studies of experiences and evidence-based approaches can develop more flexible and effective initiatives,
especially as the 2030 deadline approaches and strengthening multisectoral implementation, capacity building,
financial sustainability and data availability is urgently needed if available opportunities are embraced with
strong commitment. By using technology, promoting circular economic models, creating inclusive governance
systems and reducing inequality, sustainable development can be a practical reality rather than just an ideal,
as humanity today has both tools and knowledge, and all it takes is a collective will to ensure a just and
sustainable future for all.
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