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Abstract

The globe is dealing with a number of sustainability issues, including environmental racism, ecosystem loss,
water depletion, and climate change. The discipline of sustainability is still developing. Human society is
dependent on ecosystem services to meet basic biological needs as well as to supply the resources required
for advancements in technology and the economy. Circular economies, the integration of renewable energy
sources, and robust, inclusive systems tackle global issues are prioritized in contemporary sustainability
design. In order to be a useful tool for scholars, practitioners and policymakers are dedicated to building a
more resilient and sustainable future. This paper details, objective of managing sustainability, type of
approaches for design, troubleshooting, and the importance of sustainability. This review is useful for the
manufacturer and consumers to manage the eco-friendly techniques, resource efficiency, and ethical issues in
mind will make our coexistence with the earth more resilient and peaceful. This ensures long-term profitability
while minimizing environmental effect, striking a balance between human needs and ecological preservation.
Keywords: Evolution, Environment, Forecasting, Resources, Sustainability.

1. Introduction

Human evolution results in insufficient riches.
Designing  for  sustainability is  meeting
environmental, social, and economic needs without

development. Extended Producer Responsibility
(EPR), social responsibility, water conservation,
renewable energy in production, and ongoing

put in danger the natural world or life cycles. The
three main objectives of the holistic approach are to
assure economic viability, advance social fairness,
and reduce adverse environmental effects. With
sustainability regarded as a socio-technical challenge,
the framework demonstrates how the discipline of
design for sustainability has gradually evolved from
a technical and product-centric perspective to one
that is focused on large-scale system level
improvements. Smart home energy management
system design and deployment represent
breakthroughs in sustainability system design. On the
cognitive radio network driven by green energy.
Comprehensive life cycle analysis, material
selection, disassembly-friendly design, energy
efficiency, minimalist design, packaging
optimization, circular design principles, user
education, supply chain sustainability, and renewable
energy sources are all part of sustainable product

innovation are in the development of sustainability.
Previously, human evolution has resulted in
insufficient wealth. 3 E’s of environment, equity, and
economy are the basic needs for sustainability design
and it is examined in The Handbook of Sustainability
for reference and it is shown in figure 1 [27]. Product,
Product-Service System, Socio-Technical System,
and Spatio-Social are the four innovation levels used
to group the sustainability design in the last few
decades. These methods are explained in the below
section.
1.1. Principles of Sustainable Design

Central to sustainable design are principles such as
cradle-to-cradle design, which emphasizes the
cyclical nature of materials, waste reduction, energy
efficiency, and social equity. Designers strive to
optimize resource use, minimize pollution, and
enhance the overall quality of life.
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1.2. Methodology
Diving into the various methodologies and
approaches within sustainable design, including life
cycle assessment (LCA), design for disassembly
(DfD), and regenerative design.

&
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Figure 1 3 E’s of Sustainability [27]

1.3. Life Cycle Assessment (LCA)
Life Cycle Assessment (LCA) is a systematic
approach used to evaluate the environmental impacts
of a product, process, or activity throughout its entire
life cycle, from raw material extraction to disposal.

1.4. Design for Disassembly (DfD)
Design for Disassembly (DfD) is a strategic approach
employed in product design aimed at facilitating the
efficient and safe disassembly of products at the end
of their lifecycle. By emphasizing ease of dismantling
and material recovery, DfD aims to minimize waste,
promote  recycling, and enhance  overall
sustainability.

1.5. Regenerative Design
Regenerative design is a forward-thinking approach
that seeks to create built environments and systems
that not only sustain but actively contribute to the
health and vitality of surrounding ecosystems.
Rooted in ecological principles and biomimicry,
regenerative design aims to restore and enhance
natural systems while meeting human needs.
2. Eco-Forge Approaches
Eco-forge sustainable design seeks to reduce negative
impacts on the environment, the health and well-
being of building occupants, thereby improving
building performance and the approaches are shown
in figure 2. The basic objectives of sustainability are

to reduce the consumption of non-renewable
resources, minimize waste, and create healthy,
productive environments.

Micro-level /& Produc ) ervice

Eco-design

Environmental aspects
Life cycle thinking

Service Design

Human centredness
Service experience

Figure 2 Eco-Forge Sustainability Approaches
[29]

2.1. Product System Approach
Sustainable  products  benefit the  society,
environment, and economy over their entire lifecycle.
From raw material extraction to final disposal is also
safeguarding human health and the environment.[1]
This review includes different perspectives in
existing work with integration of sustainability in all
the product life cycle . Although numerous works
have been done in Ecodesign activities .For
environmentally-conscious manufacturing process
planning and the comparative assessment of waste
streams along the production and
postproduction.[3]In this activity the computational
complexity of evaluating multiple manufacturing
processing alternatives will be overcome with the
discrete event simulation tools such ought to be used
with this approach. [2] For example, Fria (designed
by Ursula Tischner) is a multi-chamber refrigerator
meant to be installed near the (northern) exterior wall
of the house. It is designed to use the cold outside air
to cool the compartments in winter, reducing in this
way the energy consumption by 50% compared to
conventional refrigerators. The refrigerator is
designed with a modular architecture: the cooling
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system is independent from the chambers, which will
be repaired or replaced separately, leading to a longer
lifespan [4]. Product is made from renewable
resources; it does not deplete our natural resources.
Product production and distribution requires minimal
energy consumption and minimizes waste. Recycling
and reuse options are available [6]. Safe working
conditions and other socially responsible practices
are used to manufacture the product. [15]

2.2. Product-Service System Approach
Sustainable product-service systems attempt to
create designs that are sustainable in terms of
environmental burden and resource use, developing
product concepts. as parts of sustainable whole
systems which provide a service or function to meet.
Its sustainable plan integrates the delivery of goods
and services to enhance overall efficiency and
minimize environmental impact [7]. It emphasizes a
shift from a traditional linear economy (take, make,
dispose) to a more circular approach. In a PSS for
sustainable design, products are often outlined for
longevity, repairability, and recyclability. Services
may include maintenance, expenses, upgrades, or
leasing rather than outright ownership This approach
aims to reduce resource consumption, waste, and
energy usage throughout the product's life
cycle[8].For an example, River simple is a British
company manufactures a hydrogen-powered car.
The car is not sold to customers. [5] Rather, the
company retains the ownership and sells mobility as
a service. In particular, customers will lease the car
by paying a monthly fee covering the use of the car,
the maintenance, the insurance and the fuel [9]. This
makes the company economically interested in
making a car lasts as long as possible and as efficient
as possible By considering the entire life cycle of a
product, from raw material extraction to disposal,
PSS encourages a holistic perspective on
sustainability, aligning with principles of the circular
economy. This will lead to benefits such as reduced
environmental ~ footprint, improved  resource
efficiency, and enhanced customer satisfaction
through innovative and eco-friendly solutions [10].

2.3. Spatio-Social System Approach
Systemic Design is a nature-inspired approach,
combines elements of biomimicry, Cradle to Cradle,

and industrial ecology to create complex industrial
systems [11]. It aims to implement sustainable
production systems, reducing waste and promoting
local value chains. Systemic Design adopts a
territorial  approach, considering local socio-
economic actors, assets, and resources. It enables the
design of material and energy flows, reducing waste
and transforming outputs into opportunities.
Examples include self-managed services for the care
of children and the elderly; new forms of exchange
and mutual help; community car-pooling systems;
community gardens; networks linking consumers
directly with food producers, etc. Systemic Design
should be combined with other design approaches
like Product-Service System Design or Design for
Social Innovation to create more efficient and
effective local material and energy networks. Design
for social innovation is a constellation of design
initiatives aimed at making social innovation more
probable, effective, long-lasting, and apt to spread. It
will be part of top-down, bottom-up, or hybrid
approaches [12]. Professional designers will play a
significant role in promoting and supporting social
innovations by making them more visible, effective,
attractive, and supporting replication and scaling-up.
2.4. Socio-Technical System Approach
The multi-level perspective of system innovation
(MLP) was developed to understand how innovation
in socio-technical systems occurs. The MLP model
portrays the dynamic nature of system innovation
through a layered structure, with three levels: socio-
technical landscape, socio-technical regime, and
niche innovations [13]. Socio-technical systems
(STSD) are systems involving a complex interaction
between humans, machines, and environmental
aspects of the work system. These systems require
careful consideration of all factors, including people,
machines, and context, when developing using STSD
methods [14].Early and well-known projects are the
examples for social techniques: the Dutch National
Inter Ministerial Programme for Sustainable
Technology Development (STD) (1993e2001); and
the European Union funded Strategies towards the
Sustainable  Household  (SusHouse)  Project
(1998e2000). Both projects were about sustainable
need fulfillment with a long-term approach [16].
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Socio-technical SyStemS have five key Companies who report on sustainability worldwide from 1993 to 2020
characteristics: interdependent parts, adaptability to
external environments, an internal environment with
separate  technical and social subsystems,
equifinality, and joint optimization of technical and
social subsystems and fig 3 which conveys the reports
on sustainability in companies over the world.[29].
STSD methods were developed to facilitate the
design of such systems, but their success depends on
the prevailing company or country's attitudes towards
the idea [17-19]. The socio-technical method for
designing work systems focuses on system design,
identifying tasks that need to be allocated to machines

and humans. Table 1 shows the Companies who ) )
report on sustainability [29]. Figure 3 Companies Who Report On

Sustainability

8= N100 =8= G250

Table 1 Comparison about Forecasting Technique in Existing Papers

NO. Title Author Year Method

1 | Planning for sustainable [ Bagheri, A., & | 2007 In traditional approaches process based
development: a paradigm shift | Hjorth, P. method was used here.lt is argued to trigger a
towards a  process-based social learning process which recommends
approach. forecasting  strategy  for  sustainable

development.

2 Technological progress and | Binswanger, M. 2001 | Using traditional neoclassical analysis the
sustainable development: rebound effect was employed .The effect
what about the rebound effect states increase in energy efficiency on total

energy depends on the use of forecasting
assumption in sustainable design.

3 A decision support system [ Chamberlain, B. | 2013 [ This paper describes a decision support system

for the design and evaluation C Carenini, G., method which is designed to be scalable,
of sustainable wastewater | Oberg, G., Poole, adaptable ,flexible and allow fair assessment
solutions. D., & Taheri, H. of forecasting ideas and technology.

5 Evolution  of Design for | Ceschin, F., & | 2016 | Design approaches with four innovational

sustainability: From product | Gaziulusoy, I. levels are utilized, which synthesis large
design to design for system system level changes in forecasting technical
innovations and transitions. and product- centric strategy

6 DITrust chain:  towards | Abou-Nassar, E. | 2020 [ It explains next generation communication

blockchain-based trust | M., Illiyasu, A. technologies based on I0T,cloud
models  for  sustainable | M., El-Kafrawy computing.Where a smart contract guarantees
healthcare 10T systems. authentication of budgets Indirect Trust

Inference System (ITIS) reduces semantic
gaps,it predicts more authenticated strategies.
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3. Troubles Overcome

In order to address these problems, we must move
towards sustainable practices, integrating social
responsibility, renewable energy, conservation, and
the circular economy into systems and design.

1. Environmental Degradation: Unsustainable
activities will result in pollution, habitat damage,
deforestation, and the depletion of natural
resources.

2. Impact of Climate Change: Severe weather
events and disruptions are caused by climate
change, which is a result of high carbon
emissions, wasteful energy usage, and reliance
on fossil fuels.

3. Depletion of Resources: Non-sustainable
systems cause the long-term scarcity of limited
resources like water, minerals, and non-
renewable energy sources.

4. Waste Generation: Excessive waste creation
from inefficient designs contributes to landfills
and pollution. Products meant for one usage
make this problem worse.

5. Health Concerns: Human health will be
negatively impacted by exposure to pollutants &
poisons  from  non-sustainable  practices,
including respiratory disorders & other ailments.

6. Social Inequity: Unsustainable systems have the
potential to exploit workers, disproportionately
affect communities of color, and exacerbate
social inequality.

7. Economic Instability: Economic instability will
result from reliance on limited resources and the
susceptibility of non-sustainable systems to
outside shocks.

8. Loss of Biodiversity: Pollution and habitat
degradation brought on by unsustainable
activities damage ecosystems and upset natural
equilibriums.

9. Limited Resilience: Systems which are not
sustainable are frequently less able to withstand
shocks from the outside world, such as shortages
of resources, natural disasters, or adjustments to
the market.

10. Short-term Focus: Unsustainable design put
immediate gratification ahead of long-term

advantages, making it more difficult to solve

worldwide sustainability challenges.
4. Importance of Sustainable Designs and System
By lowering resource depletion, pollution, and
habitat loss, sustainable designs contribute to the
preservation of ecosystems by minimizing their
negative effects on the environment. Reducing
greenhouse gas emissions is the goal of sustainable
practices, which support international efforts to
counteract climate change and its effects. By
encouraging the efficient use of resources,
sustainable design makes sure present needs are
satisfied without sacrificing the ability of future
generations to satisfy their own. Because sustainable
systems increase resilience, lessen reliance on natural
resources, and encourage the development of green
technology, they frequently result in economies that
are more stable. In order to minimize adverse effects
on vulnerable people, fair labor practices, community
involvement, and social considerations are all part of
sustainable practices. They put an emphasis on long-
term fixes, seeing beyond short-term profits to
develop resilient systems conditions will change over
time. Sustainable design frequently results in cleaner
environments, lowering health risks associated with
pollution and enhancing community well-being in
general. The pursuit of sustainability frequently
stimulates innovation, fostering the creation of novel
tools and methods advance society at large. A
growing number of laws and guidelines are imposed
to ensure such companies and organizations comply
with the law by adhering to sustainable practices.
Businesses implement sustainable practices to benefit
from increased consumer demand for socially and
ecologically conscious goods and services.

4.1. Current Trends
In today's rapidly evolving landscape, sustainable
design and systems are undergoing dynamic
transformations to meet the challenges of climate
change, resource scarcity, and social equity. This
article delves into the latest trends driving
sustainability in design and systems, offering insights
into innovative approaches, emerging technologies,
and evolving paradigms.
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4.2. Circular Economy Integration
A prominent trend in sustainability design and
systems is the increasing adoption of circular
economy principles. Organizations are transitioning
from linear, "take-make-dispose” models to circular
approaches that prioritize resource efficiency, waste
reduction, and closed-loop systems. Circular design
strategies, such as product longevity, reuse,
remanufacturing, and recycling, are gaining traction
across industries.

4.3. Biophilic Design and Nature-Inspired

Solutions

Biophilic design, which seeks to reconnect people
with nature through the built environment, is gaining
momentum as a trend in sustainable design.
Designers are incorporating natural elements,
patterns, and materials into buildings and urban
spaces to improve human well-being, productivity,
and environmental quality. Nature-inspired solutions,
such as biomimicry, are also informing innovative
design approaches that mimic nature's strategies for
sustainability. [30, 31]

4.4. Digitalization and Smart Technologies
The digitalization of design and systems is
revolutionizing sustainability efforts by enabling
data-driven decision-making, optimization, and
automation. Smart technologies, including Internet of
Things (loT) sensors, building management systems,
and energy-efficient appliances, are enhancing
resource efficiency, reducing energy consumption,
and improving overall sustainability performance in
buildings, cities, and infrastructure. [20-25]

4.5. Social Equity and Inclusive Design
A growing emphasis on social equity and inclusive
design is reshaping sustainability practices, with a
focus on addressing systemic inequalities and
ensuring that design solutions benefit all members of
society. Designers are engaging with diverse
communities, integrating user feedback, and
prioritizing accessibility, affordability, and cultural
sensitivity in their projects to create more equitable
and inclusive built environments. [26-29]

4.6. Regenerative Design and Biomimicry
Regenerative design, inspired by nature's principles,
is gaining prominence as a holistic approach to
sustainability that aims to restore, regenerate, and

enhance ecosystems. Designers are exploring
regenerative strategies that go beyond mitigating
environmental impact to actively contribute to
ecosystem health and resilience. Biomimicry, which
seeks inspiration from nature's forms, processes, and
systems, is informing innovative design solutions that
are both sustainable and resilient.
4.7. Collaborative  and
Approaches

Collaborative and interdisciplinary approaches are
becoming increasingly essential in tackling complex
sustainability challenges. Designers, engineers,
scientists, policymakers, and stakeholders are
working together across disciplines and sectors to co-
create innovative solutions, share knowledge, and
leverage collective expertise to address pressing
environmental and societal issues.

Conclusion

Knowledge of design theory is improved by this
review especially when it comes to Design for
Sustainability (DfS). It provides an overview of the
development of DfS and provides a historical
perspective on how the design profession has
addressed sustainability challenges. It demonstrates
the perspective of sustainability as a socio-technical
challenge and shifted from a restricted focus on
technical and product elements to a broader
examination of large-scale systemic changes.
Addressing the present environmental issues requires
embracing sustainable design and systems. Our
coexistence with the world will be made more robust
and peaceful by integrating eco-friendly practices,
resource efficiency, and ethical considerations into
the design process. This strikes a balance between
human requirements and ecological preservation by
ensuring long-term  viability while reducing
environmental impact. Designing with sustainability
in  mind, the study makes fascinating
recommendations for Design for Sustainability's
(DfS) future. Insteading to improving sustainable
design processes, one important component is the
continued integration of cutting-edge technology,
such as artificial intelligence and innovative
materials. In addition to addressing complex socio-
technical difficulties, future advances may emphasize

Interdisciplinary
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a holistic approach and concentrate on promoting
collaboration across disciplines and industries.
Furthermore, cradle-to-cradle design and the
promotion of a circular economy may gain traction,
guaranteeing items are made with recycling and reuse
in mind. The area of DfS has the ability to guide us
towards a more inventive, environmentally
responsible, and egalitarian future by adopting these
progressive concepts.
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