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The 4th industrial revolution promoted the development of all countries in the world 

to get rid of the existing model, and realise the transformation, upgrading of 

manufacturing, intelligent manufacturing, green manufacturing, and information 

industry. In a competitive economic environment, SMEs are forced to improve their 

operational performance and applying efficiency to simplify and speed up the 

implementation of new product introductions to better control, coordinate, and 

manage them. However, most of SMEs in China are unable to apply and produce the 

sustainable products due to lack of knowledge of systematic and appropriate process, 

especially in the early stage of product development. To fill this gap, a new  sustainable 

design with agility integrated framework is introduced for the sustainability and 

optimisation development process of China’s SME products. The research focuses on 

existing methods in product development as well as an agile approach that can be used 

for better product design. Product designers and SMEs are involved as a respondent 

through survey by questionnaire. The result acknowledged 24 sustainable product 

design variables and eight (8) agility management variables that are significant for the 
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sustainability and optimisation product development process. Furthermore, the 

research also introduced a new framework namely Agility of Sustainable Product 

Development Process (ASPDP) as a guideline for product developers in the product 

development process that can effectively be used to produce a sustainable product with 

possible solutions and resources, systematic and efficient, and quick available in the 

market as well as can increase product quality, reduce the development cost, and 

increase profits of the SMEs.  

Keywords: Product development process, sustainable product, agility approach and 

small-medium enterprise, and eco-innovation  
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Revolusi perindustrian ke-4 mempromosikan pembangunan semua negara di dunia 

untuk menyingkirkan model sedia ada, merealisasikan transformasi dan menaik taraf 

pembuatan, pembuatan pintar, pembuatan hijau, dan industri maklumat. Dalam 

persekitaran ekonomi yang kompetitif, PKS terpaksa meningkatkan prestasi operasi 

mereka dan menggunakan kaedah yang cekap untuk memudahkan dan 

mempercepatkan pelaksanaan pengenalan produk baharu dalam mengawal, 

menyelaras dan mengurusnya dengan lebih baik. Bagaimanapun, kebanyakan PKS di 

China tidak dapat mengaplikasi dan menghasilkan produk lestari kerana kekurangan 

pengetahuan terhadap proses sistematik dan bersesuaian terutamanya diperingkat awal 

pembangunan produk. Matlamat penyelidikan ini adalah untuk membangunkan 

rangka kerja baharu kaedah reka bentuk produk lestari dengan integrasi ketangkasan 

untuk kemampanan dan proses pembangunan produk pengoptimuman PKS di China. 

Penyelidikan memfokuskan kepada kaedah sedia ada dalam pembangunan produk 

serta pendekatan ketangkasan yang boleh digunakan untuk reka bentuk produk yang 

lebih baik. Pereka produk dan PKS adlah terlibat sebagai responden melalui tinjauan 
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melalui soal selidik. Hasilnya mengiktiraf 24 pembolehubah reka bentuk produk 

lestari dan lapan (8) pembolehubah pengurusan ketangkasan yang signifikan untuk 

pembangunan produk kelestarian dan pengoptimuman proses. Di samping itu, 

penyelidikan ini juga memperkenalkan rangka kerja baharu iaitu Agility of 

Sustainable Product Development Process (ASPDP) sebagai garis panduan untuk oleh 

pereka bentuk produk dalam proses pembangunan produk yang boleh digunakan 

secara berkesan untuk menghasilkan produk yang mampan dengan penyelesaian dan 

sumber yang mungkin, sistematik dan cekap, serta cepat tersedia di pasaran serta 

mampu meningkatkan kualiti produk, mengurangkan kos pembangunan, dan 

meningkatkan keuntungan PKS. 

Kata kunci: Proses pembangunan produk, produk mampan, pendekatan ketangkasan 

dan perusahaan kecil-sederhana, dan eko-inovasi 
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CHAPTER 1 

1 INTRODUCTION 

1.1 Introduction 

The introduction chapter explains and discusses the research background followed by 

the statement of the issue under investigation, research aims, research questions, 

research objectives, the scope and area of study, and the significance of the research. 

Finally, the structure of the thesis is established in the last chapter.  

1.2 Research Background 

Over the years, several companies have been recognised the role of sustainability in 

increasing their global competitiveness. Engaging in sustainable manufacturing was 

contributing for an efficiency process and success of a new product. Sustainable 

development for manufacturing product has become increasingly important in society 

and enterprises. In product design, sustainable design has received most discussed 

topics in the global industrial manufacturing industry, with different countries offering 

different sustainable development strategies. Sustainable product design is becoming 

increasingly important due to its potential for positive environmental, social impacts 

and successful financial performance. The ability to develop products that are both 

environmentally friendly and economically viable is essential to achieving a 

sustainable future. Furthermore, an increasingly strict regulations, diverse product 

demands, and increasing public awareness have driven the development of sustainable 

product design. Sustainable product design is gradually shifting from a design mindset 

tool for designers to a solution and development strategy for the business sector. In 

today’s rapidly changing world, it is more important than ever for businesses and 
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consumers to recognise the importance of sustainable development. In order to make 

the shift towards sustainability, businesses need to be mindful of the entire their 

sustainable product and processes. 

China has the world's most complete industrial system and industrial support in the 

manufacturing industry. China is also known as the world's main processing and 

manufacturing based on the veritable of world factories. In 2018, China’s 

Manufacturing Industry (referred to as CMI) reached over 30 percent of the gross 

domestic product (referred to as GDP), which has become the pillar industry of China's 

national economy (Li, 2018). Since 2010, the added value of CMI has jumped to first 

place in the world and become the world's largest manufacturing country (Jenkins & 

Barbosa, 2012). Besides that, CMI also has their characteristics and is very large. 

However, there is not enough strength when compared to another country in the world. 

From the total of 29 industries in China, only 17 industries are categorised as resource-

intensive low-tech industries and there are found difficulties in extending and 

upgrading to the high-tech industry (Qu et al., 2020).  

CMI is slow down compared to other developed countries, especially in terms of 

industrial structure, innovation ability, overall quality, and competitiveness, and at the 

low end of the global value chain. There is become a big gap between the developed 

countries in terms of innovation capacity, resource utilisation rate, degree of 

information, and other relevant indicators of sustainable technology. Meanwhile, CM 

(China’s Manufacturing) small and medium-sized enterprises (referred to as “SMEs”) 

account for only 99.8 percent of the total size of company legal entities, which has 

become an important force in promoting China's Industrial Development (Qu et al., 
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2020). The SMEs have some inherent disadvantages, such as light assets, poor 

business stability, narrow financing channels, strong dependence on loans, low degree 

of business standardisation, and imperfect management (Udell, 2015). The SMEs in 

China are known to lack capital, talent, technology, and knowledge, weak scientific 

and technological strength, low product technology content, low added value, and 

competitiveness (Wang et al., 2019). The ability of specialisation and cooperation of 

SMEs is low, lacking all-round and deep-seated cooperation from the strategic level 

to the operational level. It is difficult for SMEs to form industrial advantages due to 

the lack of effective organisations and performance. They are mainly depending on 

the technological achievements of universities and scientific research institutions. 

Likewise, there are also difficulties in the process of applicability transformation of 

scientific and technological achievements, which makes the results of cooperation 

difficult to determine, and the interests of all parties involved are difficult to guarantee.  

In the process of Research and Development (referred to as “R&D”), production, and 

marketing of sustainable products, the main problems of SMEs as identified: first, the 

product designers are unclear about the concept of sustainable products in product 

design and development process; second, the industry has lack the ability of R&D and 

innovation, and cannot bear the risk of R&D and lack of financial support; third, they 

are pursue short-term interests and unwilling to bear of social responsibility; and 

lastly, they are monotonous categories and services to make sustainable production 

and difficult the products meet the needs of consumers. In business practice, the key 

stakeholders involved in the sustainable design process refer to all those parties who 

need to be directly involved and/or come to play a crucial role when the integration of 

environmental and/or social concerns into business objectives takes place (Baldassarre 
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et al., 2020). Pursuing an efficient and easy to promote sustainable product 

development is the best way to alleviate the shortage of capital, technology, and 

personnel in the process of sustainable product R&D. 

However, it is undeniable that ecological design and the ecological innovation concept 

behind it are still the main contents in the practice of sustainable design, especially in 

China, where environmental problems are the focus of work, while ecological 

innovation is the main body of sustainable design in China. At the same time, after 

decades of research on sustainable design, many sustainable designs practice patterns 

have been developed, such as methods for sustainable product and/ or service 

development in the industry e.g., solution-oriented partnership methodology 

framework, and framework for sustainable product development in the context of high 

value engineering. Sustainable design: ‘involves using design methods, products and 

processes that minimise the ecological impact of design and construction upon the 

earth and all species....’ (Pollack & Pillote, 2006). Nevertheless, the existing 

sustainable design methods not often consider the needs of SMEs. Various models 

also difficulty learning and choosing by the practice process of SMEs. Based on the 

management, research and development, production, sales, use, and recycling status 

of China's manufacturing SMEs, the sustainable product R&D process should be 

combined with agility factors to attempt to improve the sustainable product 

development of China's SMEs. In business practice, the strategic objective of 

sustainable design refers to the scope of the design process when integrating 

environmental and/or social concerns into the objectives of organizations (Baldassarre 

et al., 2020). 
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Furthermore, new requirements for sustainable development in product design also 

respected the social culture, and social innovation with incorporated services and 

systems into a new design. The design needs to be more business-oriented and at the 

same time focus on technical details, for example, when discussing the specifics of 

product or service elements (Ceschin, 2014). Product design is typically a task of the 

R&D department, where designers, engineers, and in some cases, scientists 

collaborate (Baldassarre et al., 2020). Hence, the industrial design profession is 

required to deliver and contribute more to the market growth. With the continuous 

upgrading and transformation of the industry and forceful development of the creative 

industry, the definition and connotation of industrial design are constantly growing 

and deepening to meet the needs of the development of the times. The innovation 

industry not only creates material wealth but also extends the representational design 

of products to the design of the way of existence. There are also gradual transfers from 

the specific product form to the demand and behaviour mode in the specific social 

form and more generally extends it to the non-material field. Industrial designers also 

need sustainable innovation poses new environmental and societal challenges, which 

are complex and interdisciplinary (George et al., 2016). 

1.2.1 Statement of Issue 

Sustainable design known as design for sustainability or sustainable product 

development, aims to transform product development practices to enable all species 

to flourish for all time (Faludi et al., 2020). The concept of sustainable design is 

developed from green design, ecological design, and life cycle design. Sustainable 

design not only emphasises environmental protection and resource conservation but 

also includes the sustainable development of humans, society, culture, and economy, 
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which is to establish a balanced and harmonious relationship between humans, the 

environment, and society. From product design point of view, the concept of 

sustainable design requires the product designers to consider the environmental, 

social, economic, and cultural factors during the initial design stage and play a role 

integrating the life cycle of the product. However, these theoretical speculations on 

sustainable design will not go to great lengths, unless they are tied to solid business 

considerations (Dobers & Strannegård, 2005; Baldassarre et al., 2019; Faludi et al., 

2020). Indeed, evidence shows that sustainable design ideas can be implemented 

successfully only when they are grounded in the objectives and operations of 

organisations (Ceschin, 2014; Baldassarre et al., 2017). 

With the development of a sustainable design concept, sustainable design has become 

a strategy to establish and develop sustainable solutions. Through the systematic 

planning of products and services throughout the production and consumption cycle, 

the product designer can realise the design of replacing material products with utility 

and services. Moreover, the continuously developing the concept of sustainable design 

not only provides more opportunities for market success but also poses a new 

challenge for product designers. In addition, the industry continuously exchanges to 

obtain the latest information that can be completely interpretation of the information, 

and later translated them into products that have become the basic requirement for 

product designers.  

Nowadays, China’s SMEs have become an important force to promote CMI. Chinese 

SMEs have high failure and low survival rates, which worsen the problems of resource 

waste, illegal financing, and poor management (Bai et al., 2017). Alvarez and Barney 
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(2017) indicated that entrepreneurship research is still in the “describing the 

phenomena” stage and should pay more attention to “the unique characteristics of 

decision-making from the different cultures, the different stages of entrepreneurial 

periods, and its legitimacy efforts in SMEs operation. Xiao and North (2018); Chia-

Hsin et al., (2021), SMEs should adjust their operating strategies in different economic 

development of China. Understanding the main success factors of NPD in China will 

help reveal the innovation dynamics in other emerging markets as well as improve the 

success of technology transfer as more US production and technology are outsourced 

to these new markets (Mu et al., 2007).  

Design is a central aspect of sustainable business model innovation (Baldassarre et al., 

2020; Faludi et al., 2020). However, most product designers in China's SMEs are 

unable to meet such requirements, especially to interpret and apply the sustainable 

concept during the product development process. Hence, to support the design activity, 

most product designer needs a flexible and efficient approach to optimising the 

development process of China’s SMEs. A specific approach needs be designed that 

can be eased to use as well as quickly and embedded with the concept of product 

sustainability. Toward the end, it can contribute for product sustainability and success 

in the market.  

1.3 Aim 

This research aims to develop a new sustainable design with agility integrated 

framework for the sustainability and optimisation development process of China’s 

SME products. The framework is an integrated of sustainable design and agility 

variables as a guideline for product developers in the product development process 
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that can effectively be used to produce a sustainable product with possible solutions 

and resources, systematic and efficient, and quickly available in the market as well as 

can increase product quality, reduce the development cost, and increase the SMEs 

profits. 

1.3.1 Research Questions 

To achieve the research objectives, the following research questions are framed: - 

 

RQ1)  What are the significance of sustainable design and agility approach in the 

development process of China’s SME products? 

RQ2) What are the variables of sustainable design and agility for China’s SME 

product development process? 

RQ3)  How to develop a new framework that integrates the variables of sustainable 

design and agility for the sustainability and optimisation development process 

of China’s SME products?  

 

1.3.2 Research Objectives 

To achieve the research aim, this research focuses on the following specific objectives:  

 

RO1)  To identify the significance of sustainable design and agility approach in the 

development process of China’s SME products.  

RO2)  To investigate the variables of sustainable design and agility for product 

China’s SME product development process. 

 RO3) To develop a new sustainable design with agility integrated framework for the 

sustainability and optimisation development process of China’s SME products.  
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1.4 Scope and Area of Research 

China's sustainable products will affect the world's consumption and resource 

development levels. In order to study the agility and sustainable product development 

methods of Chinese SMEs, a survey was conducted on Chinese SMEs with both 

research and production capabilities. After field investigations in multiple provinces 

and cities in China, it was found that the number of SMEs with both capabilities is 

very limited. Excluding SMEs that are unwilling to cooperate with the research, this 

study will use small sample size data to achieve the research objectives. These SMEs 

come from different industries, such as labour protection products, equipment, 

furniture, and daily necessities. 

This study investigated the perspectives of product designers and business managers, 

who are the main participants in determining agility and sustainability in the product 

development process. It explores the product development process and design 

methodology decisions of product designers and business managers during the product 

planning phase of the design process. In order to address the agility and sustainability 

of product development, this study specifically investigates sustainable design 

methods and agile management methods. Especially, this study aims to improve the 

flexibility and efficiency of sustainable product research and development for Chinese 

SMEs. This is because many SMEs still face difficulties in developing products. 

Through in-depth research on the attitudes, processes, and methods of product 

development for SMEs, a new approach will emerge to enable product designers and 

managers to timely grasp information, respond to changes, and collaborate efficiently 

in the sustainable product development process, thereby reducing the cost of 

sustainable product development. 
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1.5 Significance of the Research 

The research contribution covered on:  

 

a) Introduce a new framework acknowledged as Agility of Sustainable Product 

Development Process (ASPDP) Framework for sustainability and optimisation 

of China’s SME products. 

b) Produce a new product with high quality, actively seek market opportunity, 

and quickly respond to customer diversification demand, as well as serve 

global customers.  

c) Create a product with a systematic process accompanied with modern 

information technology, faster and flexible processes, and well organisational 

structure to provide products and services that meet the personalised needs of 

customers at a cost close to mass production.   

 

1.6 Thesis Outline 

This thesis consists of six (6) chapters in total. Each chapter is associated with each 

stage of the research progress. The structure of the thesis is as follows: 
 

Chapter 1 Introduction - The chapter introduces the background of the study 

followed statement of the issue, research aim, research questions, 

research objectives, scope and areas of study, and the significance of 

the research. Finally, the thesis outline is explained.  

Chapter 2  Literature Review - This chapter addressed theories and concepts of 

product innovation and management of SMEs in China. Three main 

sections included are the theoretical background of the manufacturing 

industry in China, the sustainable concept in product innovation, and 

the concept of agility approach in product development. The end of the 

chapter stated the GAP and future research. 

Chapter 3 Research Method - this chapter explained the research approach that 

was implemented in the research study. It described the importance of 

research and connected them with the research strategy. The research 
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plan, source of data, data collection, data, and analysis are also 

explained.   

Chapter 4 Data Analysis and Results - The results in this chapter are presented 

based on objectives 1 and 2 of this research. All results were analysis 

and presented as quantitative data. The results will be used as a 

recommendation and guideline to develop a new framework in Chapter 

5.  

Chapter 5 Agility of Sustainable Product Development Process (ASPDP) 

Framework - This chapter focuses on the development of a new 

framework for sustainable design and optimisation of China SME 

products. The validation of the new framework was also conducted and 

explained. 

Chapter 6 Conclusion and Recommendation - The chapter concludes and 

represents the research findings. It also provides a suggestion for future 

work that may be carried out in connection with the research presented 

in this research.  
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