
Design for Sustainability: A Review 
 

Jelena Djokikj, Elisaveta Doncheva  

―Ss. Cyril and Methodius‖ University in Skopje, Faculty of Mechanical Engineering, 1000 Skopje, North Macedonia 

jelena.djokikj@mf.edu.mk 

 

Abstract: Sustainability is topic of great concern since the last decade and still today does not lose of its popularity. Reason for that is that 

the contemporary way of living is causing great damages to the environment. Designers have been talking about changing the ways in which 

the products are designed in order to have sustainable product. But, for achieving sustainability many aspects need to be addressed, such as: 

cultural, social, economical and technological. Nowadays, we believe that these aspects are on higher level and we can talk about 

sustainable design. 

Every product development process starts with the design phase and this is why we believe that it is most important for making improvements 

of the products. In this paper we have the premise that good and appropriate design can have positive influence on the sustainability. In 

order to check the validity of the premise we are reviewing paper dealing with sustainability, eco design, and engineering materials.  
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1. Introduction 

Since the of the time homo sapience’s humans depended on the 

nature, and therefore cared for it and nurture it. However, with the 

industrialization and globalization humans have been obsessed with 

satisfying their needs. Satisfying those needs meant cutting down 

forest, endangering lives of hundreds if not millions species 

(animals, birds, fish, and plants), causing climate change and what 

not. Human activity has even been connected to a global ―sixth 

mass extinction‖ of animal species and ―massive anthropogenic 

erosion of biodiversity and of the ecosystem services essential to 

civilization‖ [1]. 

Over the years many different terms have been in circulation. 

Earliest are green design and then eco design, referring to 

ecofriendly design of products, meaning that in the design phase the 

designer takes care of minimizing the negative effects on the nature 

throughout the whole lifecycle of the product.  

In the later years terms such as sustainable design  have emerge, 

taking into account the whole process including the sociological and 

economic factors. So it can be said that the sustainability stands for 

much broader aspects, having the UN’S sustainable goals as 

reference. The concept of sustainable development stands for 

harmonizing development processes with respect for the 

environment, in the interest of future generations. Going by an 

analogy between the processes of natural transformation and those 

of industry, sustainability concepts take inspiration from nature's 

teachings in an attempt to optimize the flows of resources that 

characterize the entire industrial system and the life cycle of 

products [2].  

―Sustainable development is development that meets the needs 

of the present without compromising the ability of future 

generations to meet their own needs‖ [3]. With this definition of 

sustainable development, in 1987 the World Commission on 

Environment and Development (WCED) outlined what is now 

widely recognized as the guiding objective of the current process of 

economic and technological development - to ensure that the use of 

environmental resources to satisfy present demands are managed in 

such a way that they are not left so damaged or impoverished that 

they cannot be used by future generations. After more than 30 years 

since the publication, it now seems that a complete vision of the 

problem has finally matured, where sustainable development is 

considered a process that includes all three key factors: economic, 

sociocultural and environmental [4]. It is important to stress that 

the science and the technology are in direct connection to every one 

of the key factors and are expected to provide data and tools for 

achieving balance [5] which is the necessary for sustainable 

development. 

In order produce eco products or products that are ecofriendly 

the industry has to adapt as well. This is the beginning of industrial 

ecology (IE) which has to provide better understanding and 

application of the system necessary for achieving sustainability [6]. 

According to scholars [7; 8; 9] working in this discipline in order to 

obtain sustainability the industrial ecosystem must be closed cycle 

same as the biological ecosystems. In the recent years the term 

circular design has been in use, the term which clearly stands for 

achieving a closed loop of the product’s life cycle. Throughout the 

years the IE slowly transitioned into circular economy (CE). The 

field of IE provided the foundations for the idea of a CE [10; 11; 

12]. Building on original IE thinking [13; 14; 15] the CE has 

recently been (re-)popularized as both a public policy and business 

concept [16; 17]. Developed countries [18; 19; 20] are trying to 

adopt CE principles as guidelines for the envisioned redesign of 

their economies [12], which requires changes on the macro-level 

(cities, provinces, regions, and nations), meso-level (networks, eco-

industrial parks), and micro-level (individual companies, 

consumers) [11]. 

We believe that the design has crucial role in achieving 

sustainable development or CE. In this paper, we are reviewing 

different sources on eco design, sustainability and circular economy 

in order to comprehend the influence that the design process has in 

each of these disciplines. 

2. State of the art 

Eco design can be considered as a part of the sustainable 

product design. It is a well-known discipline that provides designers 

with design methodologies, eco design strategies, methods and 

principles helping them and guiding them into the design process of 

or creating products that do not have large negative implication on 

the environment throughout the whole life cycle [21; 22; 23; 24; 

25].  But the countries and so the companies are slowly shifting 

towards the circular economy (CE), which requires different 

approach when designing. Designers are lacking methodologies and 

strategies to guide them through circular product design when 

designing for the circular economy [26]. den Hollander and 

colleagues [27] in their research focus on creating methodology for 

circular product design, focusing of product integrity, which they 

believe is the key to no waste policy of the CE. The authors’ 

propose a typology of three stages for product integrity: long use, 

extended use and recovery. Design approaches for long use are 

method of resisting the obsolescence, which encompasses: design 

for physical durability and design for emotional durability [28]. 

Design approaches for extended use are in fact postponing 

obsolescence and those are design for maintenance and design for 

upgrading. Design approaches for recovery are: design for 

decontextualizing, design for repair, design for refurbishment, and 

design for remanufacture, aimed at reversing the obsolescence [27].  

Emotional durability researched by Page [28] is something that 

is rarely being discussed and researched. But that is not because it is 

not important but because is complex area requiring large subject 

sample in order to make objective conclusion. She conducts a 

literature review from which can be concluded that emotional 

durability and product attachment are influenced by different 
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factors. These factors can be used by the designer in order to design 

products that are more desirable and harder to toss away. 

CE is slowly becoming something that the societies are striving 

upon, and the main goal of the CE is zero waste. This is why many 

researchers work on proposing different strategies and methodology 

that provide no waste. 

The CE may be defined as ―a regenerative system in which 

resource input and waste, emission, and energy leakage are 

minimized by slowing, closing, and narrowing material and energy 

loops. This can be achieved through long-lasting design, 

maintenance, and repair, reuse, remanufacturing, refurbishing, and 

recycling‖ [29].  

In this age of extensive consumeristic human behavior, massive 

amount of waste are produced every day. One area of high number 

of waste is the garment industry, since the production is high and at 

the same time the styles are changing very fast. Achieving zero 

waste in the industry requires major changes in the production 

processes which is long and expensive task. No waste would mean 

that there should be 100% resource use in the production. Along 

with the changes in the production process, also there should be 

changes in the aesthetic/fit of the contemporary designs [30]. As 

their contribution to the CE, Kääriäinen and Niinimäki [31] conduct 

material research in order to create sustainable textile materials. The 

empirical basis of this study consists of five material research and 

development projects. They investigate the projects to understand 

not only the approaches to producing sustainable textile materials, 

but also to map the differences in the scientific dialogues. 

On the other hand numerous authors critique the waste 

hierarchy. Behrens and colleagues [32] critique it for having a 

positive impact on dematerialization and decoupling, given that it 

focuses only on waste and does not address material inputs directly, 

nor consider economic output. Van Ewijk and Stegemann [33], 

provides a critique relating to the hierarchy’s priority orders. First, 

they argue, inclusion of an option in a priority order legitimizes its 

existence (i.e., disposal). Second, the common understanding is that 

one needs to move up the hierarchy rather than necessarily achieve 

the highest outcome. It is about the direction of change rather than 

the end goal, which illustrates the relative nature of the waste 

hierarchy. McDonough and Braungart [34] refer to the waste 

hierarchy as the logic of death and argued that solution should be 

made to design for abundance. Their argument is that growth isn’t 

in and of itself wrong, only the way we do it and that the things 

society and industry tends to want to grow like product sales and 

dividends – unless also tethered to the finite environmental (and 

social) limits of our planet – are the very things that can make 

abundance for all impossible to achieve. 

3. Discussion 

Authors of the review paper have different proposals for 

achieving sustainability and CE. The difference is that in the 

sustainable development the goal is to prevent occurrence of waste 

or to minimize it, where as in the CE there should not be waste. 

This main difference is the reason for different approaches and 

proposed methodologies. In the prevention of waste we must think 

in the design process on how to design products that do not use 

abundance of natural resources that do not require long and 

complex production processes, localised manufacturing, optimised 

transport, fast assembly and possibility for reuse, remanufacture od 

recycle. In the CE there should not be waste this is why there are 

just two approaches: 

 Design for extending the useful life of a product and 

 Design for recycling. 

In Design for extending the useful life of a product are 

approaches for long use (design for durability and design for 

emotional durability), approaches for extended use (design for 

maintenance, design for upgrading) and approaches for recovery 

(design for decontextualizing, design for repair, design for 

refurbishment, design for remanufacture) [27]. 

Extended life cycle – ref 

The ultimate goal of design for product integrity is to minimize and 

ideally eliminate environmental costs by preserving or restoring the 

product’s added economic value over time. Extended product 

lifetimes, however, do not always result in a net reduction of 

environmental load. Over time, newer versions of products may be 

developed that incorporate more efficient technologies. From that 

moment on, the environmental impacts that arise from the 

prolonged use of a product may become larger than the embedded 

impacts of a more efficient replacement product [35]. Because the 

Inertia Principle does not account for this, product designers need to 

understand the ecological consequences of their design 

interventions. 

Design for recycling consists approaches and strategies for 

waste management and transform it into resources. In order to 

ensure that, in the design process the appropriate type and amount 

of material should be selected. The selected material need to be 

recyclable, but also there should be market demand for it and the 

recycling process needs to be efficient and economical. 

4. Conclusion  

Sustainability and CE are important topics for the contemporary 

society and it is a positive thing that they attract so many 

researchers. 

In this paper we analyzed different research papers with 

different approaches in the sustainability and CE. But every one of 

the implied that design phase is the crucial for achieving the goal, 

whether it is extended life, recyclability or zero waste. This only 

affirms the premise from the beginning of the paper that the 

designer is the one that needs to design product that can have 

extended life or be recycled.  

For further research the number of researched paper has to be 

extended and their categorization according to the specific area of 

interest should be made.  
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