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Abstract. Global pre consumer apparel waste generation in the apparel manufacturing industry 

drastically increased with the rise of production volume. Therefore, the apparel manufacturing industry 

focuses on different ways to minimise waste, and the zero waste concept is one of the main concepts 

regarding waste elimination. However, the achievement of the zero waste concept remains challenging 

and traditional waste elimination techniques or methods are outgrown to achieve the zero waste concept 

within the current context. Accordingly, integration of novel technologies shows considerable 

opportunities to achieve zero waste concepts. AM contributes to zero waste goals by enabling precise 

material deposition and eliminating cutting waste, which minimises as well as eliminates waste occurring 

in the apparel manufacturing process.  The fourth industrial revolution (I4.0) introduced many 

technological concepts, and Additive Manufacturing (AM) has been identified as an integral part of this 

new trend. While developed countries integrate AM technology into their apparel manufacturing 

industries for waste reduction, Sri Lanka’s apparel manufacturing industry remains in its infant stage of 

adoption, and there is no adoption of AM technology in the apparel manufacturing industry. Thus, this 

study focuses on investigating the adoption of additive manufacturing concepts for the apparel 

manufacturing industry in Sri Lanka to achieve zero waste goals. To achieve this research aim, an 

extensive non-systematic literature review was conducted, synthesising insights from existing scholarly 

works. The findings indicate that while additive manufacturing presents significant potential for 

advancing zero-waste apparel production, several barriers must be addressed to facilitate its successful 

implementation. The findings of this study reveal that there are some potential as well as barriers in 

adopting additive manufacturing for zero-waste apparel manufacturing in Sri Lanka. High fidelity, 

realisation of complex structures, property predictability, flexibility of manufacturing, improving 

sustainability, minimum manufacturing footprint and on-demand manufacturing are some remarkable 

potentials of additive manufacturing. Accordingly, these attributes position AM as a promising solution 

for minimizing waste in the apparel industry. In contrast, machine and material cost, raw material 

availability, insufficient design knowledge and non-recyclable nature are some of the identified potential 

barriers. In conclusion, further research and strategic interventions are recommended to overcome 

these challenges and facilitate the sustainable integration of AM technologies in the industry.  
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1.  Introduction   

Globally, the apparel manufacturing industry has a significant production capacity, 

and consequently, it produces an immense quantity of solid waste (Nadeera et al., 

2022). Further, Choudhury (2014) claimed that the apparel industry ranks as one 

of the top polluting industries in a global context. Islam et al., (2022) stated that 

the environmental impact of the textile and apparel industries extends across all 

the stages of the manufacturing process. Population growth, lifestyle 

advancements, and the progression of the global apparel manufacturing industry 

over the recent decades have been affected by the considerable increase in apparel 

waste production (Chand et al. 2023). However, with the emerging trend of 

sustainable development concepts, most textile industries focus on creating a 

suitable waste management system as part of the sustainable journey (Nadeera et 

al., 2022).  
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Hence, there is a growing interest in employing innovative concepts, such as 

circular economy and zero waste to address the waste issue (Zaman, 2022). 

According to Nizar et al. (2018), zero waste aims to minimise waste, reduce 

landfills, and protect the environment. Further, Kerdlap et al. (2019), illustrate that 

both future production growth and waste reduction can be addressed with a zero-

waste manufacturing (ZWM) strategy that takes a comprehensive approach to life 

cycle management. Nevertheless, Dilberoglu et al. (2017) claimed that Industry 

4.0 emphasises the significance of the integration of advanced information 

technology and smart manufacturing systems, and additive manufacturing (AM) 

has been identified as an integral part of this new trend. Further, Hegab et al. 

(2023) illustrate that AM technology reduces material waste, CO2 emissions, and 

promotes the circular economy, it is recognised as environmentally sustainable.  

When heeding the Sri Lankan textile and apparel industry, it takes pride in being a 

global leader in sustainable clothing manufacture in the region (Sulochani et al., 

2021). According to Park and Evans (2017), the apparel sector is Sri Lanka's largest 

manufacturing sector, accounting for 61% of exports and 44% of GDP in 2015. 

Gunasekara et al. (2019) stated that waste management has emerged as a 

significant problem in modern society that requires investigation, particularly in Sri 

Lanka's apparel manufacturing industry. As a result, introducing proper waste 

management procedures is becoming increasingly crucial.  

Even though, there is a significant gap in Sri Lanka's manufacturing sector in 

implementing Industry 4.0 for such environmental implications (A. M. L. De Alwis 

et al., 2023). Furthermore, Jayatilake and Withanaarachchi (2016) highlighted that 

Sri Lanka’s leading apparel manufacturers are yet to converge on Industry 4.0 

concepts such as additive manufacturing to tackle the waste management 

challenges and to move towards zero waste. Thus, it will be beneficial to focus on 

achieving zero waste goals of the apparel industry through additive manufacturing 

technology. Accordingly, this research paper aims to review the adoptability of the 

additive manufacturing concept to achieve zero waste goals of the apparel 

manufacturing industry in Sri Lanka as a way forward for future research.  

In order to achieve the research aim, two (02) research objectives were 

formulated;  

• To explore on apparel waste generation and management, the zero-waste 

concept, and additive manufacturing  

• To identify the potentials & barriers and future trends of additive 

manufacturing for achieving the zero-waste concept in the apparel 

manufacturing industry.   

Accordingly, the next chapter describes the apparel waste generation and 

management, the zero-waste concept in the apparel manufacturing industry and 

the concept of AM. The third chapter will discuss the research methodology that 

has been adopted for this study, and the fourth chapter will discuss the findings on 

the application of AM, barriers, and potentials for adopting AM in the apparel 

industry.   
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2. Literature review    

This section presents the key literature findings related to three major areas; (i) 

Apparel waste generation and management, (ii) Zero waste concept in the apparel 

manufacturing industry, and (iii) The concept of additive manufacturing. 

2.1. APPAREL WASTE GENERATION AND MANAGEMENT  

The generation of waste in the garment industry is one of the inevitable elements 

of garment manufacturing (Rathinamoorthy, 2018). Apparel waste is defined in 

different terms, such as textile or clothing as well as fabric or garment waste by 

scholars. Textile waste refers to materials that cannot be used for their intended 

purpose, originating from the apparel and textile industries (Redress, 2017). 

According to Noman et al. (2013), the term "textile waste" refers to a variety of 

materials, such as clippings and cuttings, polyester waste, cotton, clippings, 100% 

cotton yarn waste, silk fibre waste, etc. Accordingly, in this research apparel waste 

is defined as “materials that cannot be used for their intended purpose, which are 

originated from the manufacturing process of apparel industry”.   

The two categories of apparel waste are pre-consumer waste and post-consumer 

waste, depending on where the waste originated. (Tomovska et al., 2017). 

Vadicherla and Saravanan (2014) mentioned that pre-consumer waste are formed 

during the production process of upstream items, whereas post-consumer apparel 

wastes are generated by customers and frequently consist of apparel acceptable 

for landfill or disposal. Redress (2017) identified textile swatch waste, cut and sew 

textile waste, end-of-roll textile waste, sampling yardage waste, damaged textile 

waste, clothing sample waste, and unsold clothing waste as pre-consumer waste. 

In contrast, post-consumer waste includes secondhand clothing waste and 

secondhand textile waste. Alternatively, according to Shakya & Swami (2016), 

apparel waste generation in the production stage is pre-consumer apparel waste 

and they are related to pattern making, marker planning, and cutting as well as 

the post-consumer apparel waste generated in the consumption stage.   

Alwis and De Sliva (2022), identified the apparel manufacturing process under 

fourteen stages; order receiving, fabric approval, design/ pattern making, garment 

sampling and sample approval, fabric layering, fabric cutting, sorting and bunding, 

issue to stitching floor, garment stitching using machines, quality checking, 

finishing and complete, folding and tagging, packing and boxing and ready to 

deliver or shipment. Further, according to Amin (2020), a considerable quantity of 

waste is produced throughout the process of the product development process, 

especially in the fabric loss and cutting departments of the apparel industries. As 

Redress (2017) mentioned, pre consumer apparel waste generated sources and 

types of waste such as the production process – textile swatches, garment 

manufacturing process - cut and sew waste, and end of rolls waste, textile sample 

process – sampling yardage, design process – clothing samples, finishing – 

damaged textile, and unsold clothing waste. When heeding the apparel waste 

management strategies, present waste management procedures are heavily 

impacted by the "waste hierarchy," which suggests a ranking of options in order of 

preference, with "prevention" being the most favoured at the top and "disposal" 

being the least liked at the bottom (Gharfalkar et al., 2015).  Ajila (2019) claimed 

that apparel and textile wastes can also be managed using the 4R method which 

includes reduce, replace, reuse, and recycle. Further, the Concept of Circular 
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Economy has been applied to pre-consumer apparel waste management using lean 

manufacturing, green supply chain management, extended producer responsibility, 

and the 3R concept (Jayakodi & Thayaparan, 2021). However, nowadays “zero 

waste” strategy is often utilised to eliminate textile waste in the apparel 

manufacturing process (Italiano et al., 2022).   

2.2. ZERO WASTE CONCEPT IN THE APPAREL MANUFACTURING INDUSTRY    

Hamid et al. (2020) claimed that zero waste management refers to a holistic 

approach to waste management that recognises waste as a resource produced 

during the formative stage of the resource consumption process. Further, according 

to the Pietzsch et al. (2017), zero-waste approach focuses specifically on reducing 

the amount of waste created, has emerged because of the development of the 

circular economy concept. The goal of zero-waste fashion designing is to completely 

remove fabric waste from the manufacturing of clothing.  (Shakya & Swami, 

2016).    

Gupta and Saini (2020) stated that there are several strategies for achieving zero 

waste concept as jigsaw cutting, subtraction cutting, geo-cut, cutting and draping, 

re using scarps of clothes and yarns, knitting, pleating, draping scraps of fabric, 

replacing conventional technology with no/low waste technology like additive 

manufacturing. AM is one type of digital manufacturing technology that has a good 

influence on the environment and reduces manufacturing errors (Ott et al., 2019). 

Developing and implementing new and more effective manufacturing techniques, 

including additive manufacturing, reduces raw material use and fosters innovation 

for sustainability (Todeschini et al., 2017).   

3. Methodology    

The research approach for any research strongly depends on the nature of that 

research (Baharein & Noor, 2008; Morgan & Smircich, 1980). However, this 

research works out on the research question of “how to adopt the additive 

manufacturing concept to achieve zero-waste goals of the apparel manufacturing 

industry in Sri Lanka” which represents the findings through a theoretical 

framework. Since this research focuses on investigating the areas mentioned above 

by answering the “How” question, the qualitative research approach is more 

favoured for this research. In addition to that, Celo et al., (2008) stated that 

quantitative research entails converting phenomena into numerical values for 

analysis while qualitative research deals with non-numerical data forms such as 

texts, pictures, videos, and so on. However, since this research involves only 

qualitative data rather than numerical data, the qualitative approach is the most 

appropriate for this research. Accordingly, a non-systematic review of the literature 

was used as the methodological basis to complete the present study. According to 

the  enferm (2007) , the two types of literature reviews are systematic reviews and 

non-systematic reviews. Further, it mentioned that non-systematic reviews are 

commonly referred to as narrative reviews in academic literature. Non-systematic 

reviews aim to identify, synthesise and summarise the existing published literature 

while exploring the potential research gaps for future research (Ferrari, 2015). 

Further enferm (2007), claimed that non-systematic reviews state of science on a 

particular research area from a theoretical and conceptual perspective and play a 

vital role in academic background.  
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Accordingly, a non-systematic literature review was conducted to identify the key 

literature publications in the intersection of apparel waste generation and 

management, additive manufacturing and zero waste concepts.. The articles were 

retrieved through the Google Scholar search engine and included suitable original 

articles and reviews written in English.  The Search string was developed using the 

following keywords: additive manufacturing, zero waste in apparel industry, 

sustainable apparel manufacturing, circular apparel production, and sustainable 

textile production. Consequently, the literature synthesis was developed analysing 

the selected publications.   

4. Results     

This section presents the key literature findings related to three major areas; (i) 

The concept of additive manufacturing (ii) Applications of additive manufacturing 

in the apparel industry, (iii) Potentials and barriers to adopting additive 

manufacturing concept in the apparel manufacturing industry.  

4.1 THE CONCEPT OF ADDITIVE MANUFACTURING 

According to Dehghani and Goyal (2022), additive manufacturing involves creating 

a virtual design of an object using a 3D modeling application or a 3D scanner. The 

3D printer then reads each slice, creating a three-dimensional object, which is 

referred to as polymer to a garment. Process of 3D printing shown in figure 1. 

 

 

3D CAD design software is where the process of creating a 3D printed sample 

begins (Partsch et al., 2015). In order to begin the 3D printing process, users must 

first design things using a 3D modelling program or select from an online database, 

then upload them to slicing software. After all settings are finished connect the 

printer to the computer and start printing (Trust & Maloy, 2017). According to Ligon 

et al. (2017), additive manufacturing processes are utilised for different materials, 

including material extrusion, material jetting, binder jetting, sheet lamination, vat 

photopolymerisation, powder bed fusion, and directed energy deposition. Ngo et 

al. (2018b) stated that AM used Fused Deposition Modelling (FDM), powder additive 

manufacturing by Selective Laser Sintering (SLS), Selective Laser Melting (SLM) or 

Liquid Bonding in 3D printing (3DP) as well as Inkjet Printing, Contouring, 

Stereolithography (SLA), Direct Energy Deposition (DED) and Manufacturing of 

Laminated objects (LOM). Alafaghani et al. (2017) stated that AM process of fused 

Figure 1: Process of 3D Printing 
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deposition modelling (FDM) involves heating and extruding filaments through a tiny 

nozzle to create objects. The nozzle uses computer-controlled pathways to extrude 

the material, forming layers on top of one another to form the part. According to 

Shahzad et al. (2013), SLS is an additive manufacturing technique that produces 

parts layer by layer using layers of powder deposited by a roller or scraper and 

heated by a laser beam. The powder deposition and laser scanning sequence is 

repeated until the part is finished. According to Miller et al. (2023), in SLA, layers 

of three-dimensional parts are selectively cured using UV photopolymer resin. This 

process produces parts that require minimal applied stress, which makes it possible 

to create detailed features and complex geometries. Saboori et al. (2019) claimed 

that among AM processes, DED enables the restoration of damaged parts to their 

original shape as well as the replacement of materials lost during service. According 

to the Gupta et al. (2020), one type of AM process that uses sheet lamination to 

create 3D solid objects is called LOM.  

4.2 APPLICATIONS OF ADDITIVE MANUFACTURING IN THE APPAREL INDUSTRY    

AM is an innovative emerging technology that is used for several purposes across 

multiple disciplines due to sustainability perspectives (Niaki et al., 2019). Further, 

(Khajavi, 2021; Keefe et al., 2022) also emphasised the ability to offer sustainable 

innovation and customisation in the apparel industry. According to the Harsha 

Vardhan et al. (2014), industries which are benefiting from additive manufacturing 

technology are, aerospace, automotive, machine tool production, healthcare and 

medical, dentistry and dental technology, architecture and construction, food, 

retail, and apparel. Additive manufacturing has numerous benefits for future space 

flight (Shapiro et al., 2016). Vasco (2021) mentioned that the freedom capacity of 

AM enables the design and direct manufacturing of automotive components 

optimised for vehicle performance, along with the creation of assembly tools 

required to increase productivity. Furthermore, Leal et al. (2017) highlighted that 

the AM approach allows stamping inserts to be produced using high-performance 

alloy steels similar to conventional tools without losing the mechanical properties 

of the tool. The flexible manufacturing methods offered by AM are revolutionising 

the manufacturing of medical models, passive implants, biomanufacturing, 

orthoses prostheses, medical equipment, and instruments in the healthcare sector 

(Rezvani Ghomi et al., 2021). Moreover, according to Javaid and Haleem (2019), 

additive manufacturing is an innovative process that is leads to the customised 

fabrication of dental implants and other dental instruments with the help of 

computer-aided design (CAD) data. Additive manufacturing (AM) is a cutting-edge 

technology that provides new freedom in architecture with endless flexibility in 

material deposition and design, manufacture and performance of unique forms, 

construction systems and materials (Paoletti, 2017). Lipton et al. (2015) stated 

that main motivations for 3D printing food are customisation, on-demand 

manufacturing, and geometric complexity. Traditional foods like pizza using 3D 

printers could demonstrate the maturity of food printing. 

Valtas and Sun (2016) highlighted that reduces the number of stages that must be 

completed during production. By creating a design, 3D printing allows for the 

integration of fabric assembly, cutting, sewing, and laying all into one phase and 

Because 3D printing eliminates the possibility of human error in traditional garment 

manufacturing, the product is of greater quality than when it was made. In the 

design process, AM offer greater capabilities for designing and customising apparel 



FMF 2025 - The International Conference on Facilities Management Futures 2025: Safety Enabled and Sustainable Facilities 

 

[165] 
 

products (Yap and Yeong, 2014). Further, Am technologies such as 3D printing 

allows personal customised apparel products by integrating 3D scanning and CAD 

software in design process (Spahiu et al., 2020). When heeding the fabric layering 

process in apparel manufacturing, AM facilitate the layer-by-layer manufacturing 

process which eliminates the necessity for different cutting tools and machineries 

(Lim et al., 2016). Furthermore, Dilek et al. (2021) stated that in the application of 

AM technology to the apparel manufacturing process, stages such as spinning, 

dying, cutting, and sewing of the manufacturing process are not involved. 

Additionally, (Hohn and Durach, 2021) claimed that the implementation of AM helps 

to reinforce existing supply chain governance structures dominated by powerful 

retailers, potentially exacerbating social sustainability issues in production. 

According to the literature, it can summaries the application of AM technology to 

apparel manufacturing process as shown in table 1. 

Table 1: Application of AM technology to the apparel manufacturing process 

Stage of apparel 

manufacturing 

process 

Additive 

manufacturing 

process 

Application of AM to 

the apparel 

manufacturing 

process 

References 

Design / pattern 

making 

1. Make 

virtual 

design 

(CAD) 

2. Create a 

3D model 

3D CAD design 

software creates a 3D 

printed sample 

(Valtas & Sun, 

2016), (Verlan & 

Irovan, 2018), 

(Partsch et al., 

2015), (Yap and 

Yeong, 2014) 

Garment sampling 

and sample 

approval 

Fabric layering 3. Slicing 

each layer of the 

model  

Integration of fabric 

assembly, cutting, 

sewing, and laying all 

into one phase 

(A. M. L. D. Alwis & 

De Silva, 2022)(Lim 

et al., 2016) 

Fabric cutting 4. Reads 

every slice  

5. Feed into 

the 3D printing 

computer 

6. Converts 

3D slices into 

object 

Sorting and 

bundling 

Issue to stitching 

floor 

Garment stitching 

using machineries 

 

4.3 POTENTIALS AND BARRIERS TO ADOPTING ADDITIVE MANUFACTURING 

CONCEPT IN THE APPAREL MANUFACTURING INDUSTRY     

Expansion of manufacturing methods and options due to additive manufacturing 

technologies offers significant benefits such as reductions in product lead time, 

shorter time to market for new designs and faster fulfilment of customer demands 

(Attaran, 2017). Notable benefits of additive manufacturing include less material 

waste, ease of manufacture with simplified manufacturing process, fewer 

requirements for human intervention and post-processing, and energy efficiency 

(Mansi et al., 2023). According to the Quan et al. (2015), potentials of additive 

manufacturing in apparel manufacturing industry are high fidelity, realisation of 

complex structures, and property predictability. Khajavi (2021) emphasised that 
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AM offers a highly flexible way to manufacture clothing parts and products, thereby 

improving sustainability and extending life cycles. This technology enables the 

production of complex geometries in small batches, allowing for efficient 

production, repair, and overhauls. Furthermore, reduction of need of the excessive 

transportation led to a lower environmental impact. Moreover, Keefe et al. (2022) 

further outlined potentials of AM over conventional apparel manufacturing 

methods, including ability to produce complex geometries, minimise waste, reduce 

transportation and CO2 footprints, wide range of materials, high-value replacement 

parts, small manufacturing footprint, green manufacturing, and on-demand 

manufacturing. However, barriers can be identified as limited raw materials, limited 

printing accuracy, requirement of powerful design tool (Seepersad, 2014). Khajavi 

(2021), further stated time-dependent barriers to using AM technology in the 

apparel industry include machine and material costs, raw material availability, 

automation, and brand support. Time-independent barriers involve insufficient 

design knowledge, lack of retail store experience, and insufficient enthusiasm for 

being involved in the production process. Additionally, Nath and Nilufar (2020), 

highlighted critical barriers of AM as difficulties in the mass manufacturing due to 

limited materials and its non-recyclable nature of certain AM materials, 

unsatisfactory level of surface quality in the printed product of some AM processes, 

and relatively low strength of printed parts. Although, as per the Withanaarachchi 

et al. (2016) main barriers in Sri Lanka can be identified as labour shortage, 

machine cost, and lack of enthusiasm within apparel manufacturers. Furthermore, 

Samarakkody (2023), claimed that barriers in implementing technologies like 

additive manufacturing in Industry 4.0 as financial barriers, insufficient knowledge, 

high maintenance cost etc.  

5. The theoretical framework for adopting additive manufacturing 

in the apparel manufacturing industry to achieve zero waste      

Based on the insights reviewed on adopting additive manufacturing in the apparel 

industry to achieve zero waste, a framework was developed providing important 

insights for future researchers in the field. The framework clearly illustrates the 

apparel manufacturing process, application of additive manufacturing, potentials & 

barriers and benefits of adopting additive manufacturing for the apparel industry. 

Further, the framework clearly illustrates the relationship among the different 

stages in the apparel manufacturing process and applications of additive 

manufacturing as well.  
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Figure 2: Theoretical framework for adopting additive manufacturing in the apparel manufacturing industry to achieve zero waste 
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6. Discussion  

When heeding on Sri Lanka context, there is no any acceptable waste management system in 

Sri Lankan apparel manufacturing industry. Typically, only 25% of apparel waste is recycled and 

reused; the remaining waste is incinerated or landfilled (Jayakodi & Thayaparan, 2021). 

Nonetheless, waste has grown in significant issue in the current setting of Sri Lanka due to 

urbanisation and high human density. Edirisinghe et al. (2022) highlighted that fabric waste 

accounts for the majority of waste generated through Sri Lanka's apparel industry. Park and 

Evans (2017) mentioned that Sri Lanka generates at least 44,100 tons of textile waste annually, 

but lack of proper recycling facilities.  As of currently, Sri Lanka lacks recycling facilities, and 

there are no established waste management initiatives. Basically, waste is moved out of cities 

and disposed in open spaces. Therefore, it is more beneficial for moving novel technologies such 

as additive manufacturing to overcome the waste issue and achieve zero waste goals in apparel 

industry.  

As stated by different research scholars, Additive manufacturing is expected to become one of 

the most important and innovative industrial processes in the coming years (Jiménez et al., 

2019). According to the Dilek et al. (2021), number of synthetic materials utilized in 3D printers 

is growing daily. Fashion designers are experimenting with 3D printed clothes, shoes, and 

accessories to introduce 3D printing to the apparel industry (Kholiya, 2016). The use of 3D 

printing for apparel manufacturing not only brings new advantages but also changes the entire 

production and design development of the product as well as the relationship with the customer 

(Marques, 2019). Verlan and Irovan (2018) claimed that since the model is created in a software 

that specifies the precise dimensions and form of the landmark, it is evident that use of AM to 

create apparel in an innovative way and helps to reduce the waste. An avatar can be built using 

the data from the body scan, enabling online testing and style, fit, and other verifications. This 

ensures that apparel is made to actual measurement (Grimmelsmann et al., 2016). Waste 

minimisation is one benefit of using 3D printing in manufacturing. Once printing is finished, there 

is nothing to trim away from the object because it is complete in it’s as a whole (Sun & Zhao, 

2017). Designers and manufacturers have the option to print directly for customers, which 

minimises waste. Making a garment more functional through 3D printing could potentially 

prolong its lifespan from a sustainability standpoint (Pasricha & Greeninger, 2018). In the 

upcoming years, it is anticipated that natural materials will be developed. Wong and Hernandez 

(2012) revealed that continuous and incremental growth experienced since the early days and 

the successful results to date allow for optimism that additive manufacturing will have a 

significant place in the future of manufacturing. According to Alwis and De Silva (2022), the 

integration of Industry 4.0 and sustainable manufacturing in the context of Sri Lanka is not well-

established. Although additive manufacturing is currently in discussion level. Withanaarachchi et 

al. (2016) mentioned that apparel manufacturing industry as a whole needs to reconsider the 

adoption of Industry 4.0 including AM as a new business model and the study also recommends 

that further research be done on the viability of installing smart factories and the implementation 

of Industry 4.0 in the apparel sector.   

7. Conclusion and Way Forward      

The adoption of additive manufacturing offers a transformative opportunity for achieving zero-

waste goals in Sri Lanka’s apparel manufacturing industry. The adoption of additive 

manufacturing helps to achieve sustainability goals including waste management in apparel 

industry. Accordingly, this study demonstrates the significant potentials of AM, including high 

fidelity, the realization of complex structures, flexibility in manufacturing, and minimal material 

waste. These attributes align well with the industry's sustainability ambitions, offering an 

innovative approach to waste reduction and resource optimization. However, key barriers such 

as high machine and material costs, limited raw material availability, insufficient design 
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expertise, and the non-recyclable nature of certain AM materials must be addressed to facilitate 

effective implementation.   

Despite these challenges, the integration of AM into Sri Lanka’s apparel sector can significantly 

enhance waste management efforts and contribute to a circular economy. Strategic 

interventions, including policy support, investment in research and development, and capacity 

building within the industry, are essential for overcoming existing barriers. Future research 

should explore sustainable material innovations and scalable AM applications tailored to the 

apparel sector’s unique needs. By leveraging AM technologies, Sri Lanka can position itself as a 

leader in sustainable apparel manufacturing, paving the way for a more resource-efficient and 

environmentally responsible industry.   

8. References    

Ajila, K. O. (2019). Analysis of Post-Consumer Solid Textile Waste Management among Households in Oyo 
State of Nigeria. Journal of Environmental Protection, 10(11), 1419–1435. 

https://doi.org/10.4236/jep.2019.1011084 

Alafaghani, A., Qattawi, A., & Ablat, M. A. (2017). Design Consideration for Additive Manufacturing: Fused 
Deposition Modelling. Open Journal of Applied Sciences, 07(06), 291–318. 
https://doi.org/10.4236/ojapps.2017.76024 

Alwis, A. M. L. D., & De Silva, N. (2022). INDUSTRY 4.0 BASED SUSTAINABLE MANUFACTURING MODEL 
FOR APPAREL INDUSTRY IN SRI LANKA. World Construction Symposium, 571–584. 

https://doi.org/10.31705/WCS.2022.46 

Amin, R. (2020). Fabric waste minimization in knitwear garment sector of Bangladesh (Vol. 8). 
www.ijcrt.org 

Attaran, M. (2017). The rise of 3-D printing: The advantages of additive manufacturing over traditional 
manufacturing. Business Horizons, 60(5), 677–688. https://doi.org/10.1016/j.bushor.2017.05.011 

Baharein, K., & Noor, M. (2008). Case Study: A Strategic Research Methodology. American Journal of 
Applied Sciences, 5(11), 1602–1604.  

Celo, O., Braakmann, D., & Benetka, G. (2008). Quantitative and qualitative research: Beyond the debate. 
In Integrative Psychological and Behavioral Science (Vol. 42, Issue 3, pp. 266–290). Springer New 

York. https://doi.org/10.1007/s12124-008 9078-3 

Chand, S., Chand, S., & Raula, B. (2023). Textile and apparel industries waste and its sustainable 

management approaches. Journal of Material Cycles and Waste Management. 
https://doi.org/10.1007/s10163-023-01761-1 

Choudhury, A. K. R. (2014). Environmental Impacts of the Textile Industry and Its Assessment Through 

Life Cycle Assessment (pp. 1–39). https://doi.org/10.1007/978-981-287-110-7_1 

Dehghani, M., & Goyal, P. (2022). Design and Development of Textile Fabrics Using 3D Printing Technology. 

ECS Transactions, 107(1), 19313–19323. https://doi.org/10.1149/10701.19313ecst 

Dilberoglu, U. M., Gharehpapagh, B., Yaman, U., & Dolen, M. (2017). The Role of Additive Manufacturing in 

the Era of Industry 4.0. Procedia Manufacturing, 11, 545–554. 

https://doi.org/10.1016/j.promfg.2017.07.148 

Di→lek, E., Yildirim, M., & Uzun, M. (2021). Additive manufacturing (3D printing) in technical fashion industry 
applications. Tekstilna Industrija, 69(2), 4–15. https://doi.org/10.5937/tekstind2102004d 

Edirisinghe, L. G. L. M., Wijayasundara, M., & De Alwis, A. A. P. (2022). Waste Generation and 
Characteristics in Sri Lankan Textile and Apparel Sector: Case Study of the Biyagama Industrial Export 
Processing Zone, Sri Lanka. Nature Environment and Pollution Technology, 21(2), 697–702. 
https://doi.org/10.46488/NEPT.2022.V21I02.030 

enferm, A. paul. (2007). Systematic literature review X narrative review. 2(20). 

Ferrari, R. (2015). Writing narrative style literature reviews. Medical Writing, 24(4), 230–235. 
https://doi.org/10.1179/2047480615z.000000000329 

https://doi.org/10.1016/j.bushor.2017.05.011


FMF 2025 - The International Conference on Facilities Management Futures 2025: Safety Enabled and Sustainable Facilities 

 

[170] 
 

Gharfalkar, M., Court, R., Campbell, C., Ali, Z., & Hillier, G. (2015). Analysis of waste hierarchy in the 
European waste directive 2008/98/EC. Waste Management, 39, 305–313. 

https://doi.org/10.1016/j.wasman.2015.02.007 

Grimmelsmann, N., Martens, Y., Schäl, P., Meissner, H., & Ehrmann, A. (2016). Mechanical and Electrical 
Contacting of Electronic Components on Textiles by 3D Printing. Procedia Technology, 26, 66–71. 
https://doi.org/https://doi.org/10.1016/j.protcy.2016.08.010 

Gunasekara, A. D., Neranja, P. L. N., Karunarathne, H., Ravihansi, B. K. P., Buddhika, A., Wijekoon, W., 
Weerathunga, N. D., Chanika, P. G. S., Jayasighe, W. T., & Sibera, A. (2019). EVOLUTION OF WASTE 
MANAGEMENT PRACTICES: A CASE STUDY OF A LEADING APPAREL COMPANY IN SRI LANKA. 

Gupta, L., & Saini, H. K. (2020). Achieving Sustainability through Zero Waste Fashion-A Review. Current 
World Environment, 154–162. https://doi.org/10.12944/cwe.15.2.02 

Gupta, R., Dalakoti, M., & Narasimhulu, A. (2020). A Critical Review of Process Parameters in Laminated 
Object Manufacturing Process. In I. Singh, P. K. Bajpai, & K. Panwar (Eds.), Advances in Materials 

Engineering and Manufacturing Processes (pp. 31–39). Springer Singapore. 

Hamid, S., Skinder, B. M., & Bhat, M. A. (2020). Zero Waste: A Sustainable Approach for Waste Management 

(pp. 134–155). https://doi.org/10.4018/978-1-7998-0031-6.ch008 

Harsha Vardhan, G., Charan, G. H., Reddy, P. V. S., & Sampath Kumar, K. (2014). International Journal on 
Recent and Innovation Trends in Computing and Communication 3D Printing: The Dawn of a New Era 

in Manufacturing. International Journal on Recent and Innovation Trends in Computing and 
Communication, 2(8), 2373–2376. http://www.ijritcc.org 

Hegab, H., Khanna, N., Monib, N., & Salem, A. (2023). Design for sustainable additive manufacturing: A 
review. Sustainable Materials and Technologies, 35, e00576. 
https://doi.org/10.1016/j.susmat.2023.e00576 

Hohn, M.M. and Durach, C.F. (2021) ‘Additive manufacturing in the apparel supply chain — impact on supply 
chain governance and social sustainability’, International Journal of Operations & Production 
Management, 41(7), pp. 1035–1059. Available at: https://doi.org/10.1108/IJOPM-09-2020-0654. 

Islam, Md. T., Jahan, R., Jahan, M., Howlader, Md. S., Islam, R., Islam, Md. M., Hossen, Md. S., Kumar, A., 
& Robin, A. H. (2022). Sustainable Textile Industry: An Overview. Non-Metallic Material Science, 4(2). 

https://doi.org/10.30564/nmms.v4i2.4707 

Italiano, I. C., Kauvauti, L. S., & Marcicano, J. P. P. (2022). Zero waste in the apparel industry: limitations 
and alternatives. Sustentabilidade Em Debate, 13(2), 190–203. 
https://doi.org/10.18472/SustDeb.v13n2.2022.40716 

Javaid, M., & Haleem, A. (2019). Current status and applications of additive manufacturing in dentistry: A 
literature-based review. In Journal of Oral Biology and Craniofacial Research (Vol. 9, Issue 3, pp. 179–
185). Elsevier B.V. https://doi.org/10.1016/j.jobcr.2019.04.004 

Jayakodi, K. H. S. K., & Thayaparan, M. (2021). APPLICATION OF CIRCULAR ECONOMY CONCEPT TO PRE-
CONSUMER APPAREL WASTE MANAGEMENT IN SRI LANKA. Proceeding of the World Conference on 
Waste Management, 19–33. https://doi.org/10.17501/26510251.2021.1203 

Jayatilake, H., & Withanaarachchi, A. (2016). Industry 4.0 in the Apparel-Manufacturing Sector: 
Opportunities for Sri Lanka. 

Jiménez, M., Romero, L., Domínguez, I. A., Espinosa, M. D. M., & Domínguez, M. (2019). Additive 

Manufacturing Technologies: An Overview about 3D Printing Methods and Future Prospects. 

Complexity, 2019. https://doi.org/10.1155/2019/9656938 

Keefe, E. M., Thomas, J. A., Buller, G. A., & Banks, C. E. (2022). Textile additive manufacturing: An 
overview. In Cogent Engineering (Vol. 9, Issue 1). Cogent OA. 

https://doi.org/10.1080/23311916.2022.2048439 

Kerdlap, P., Low, J. S. C., & Ramakrishna, S. (2019). Zero waste manufacturing: A framework and review 

of technology, research, and implementation barriers for enabling a circular economy transition in 
Singapore. Resources, Conservation and Recycling, 151, 104438. 
https://doi.org/10.1016/j.resconrec.2019.104438 

Khajavi, S. H. (2021). Additive manufacturing in the clothing industry: Towards sustainable new business 
models. Applied Sciences (Switzerland), 11(19). https://doi.org/10.3390/app11198994 

https://doi.org/10.1016/j.susmat.2023.e00576


FMF 2025 - The International Conference on Facilities Management Futures 2025: Safety Enabled and Sustainable Facilities 

 

[171] 
 

Kholiya, R. (2016). Ruchi Kholiya el at. In International Journal of Recent Research Aspects (Vol. 3). 

Leal, R., Barreiros, F. M., Alves, L., Romeiro, F., Vasco, J. C., Santos, M., & Marto, C. (2017). Additive 
manufacturing tooling for the automotive industry. The International Journal of Advanced 
Manufacturing Technology, 92(5), 1671–1676. https://doi.org/10.1007/s00170-017-0239-8 

Ligon, S. C., Liska, R., Stampfl, J., Gurr, M., & Mülhaupt, R. (2017). Polymers for 3D Printing and Customized 
Additive Manufacturing. Chemical Reviews, 117(15), 10212–10290. 
https://doi.org/10.1021/acs.chemrev.7b00074 

Lim, C.W.J. et al. (2016) ‘An Overview of 3-D Printing in Manufacturing, Aerospace, and Automotive 
Industries’, IEEE Potentials, 35(4), pp. 18–22. Available at: 
https://doi.org/10.1109/MPOT.2016.2540098. 

Lipton, J. I., Cutler, M., Nigl, F., Cohen, D., & Lipson, H. (2015). Additive manufacturing for the food industry. 
In Trends in Food Science and Technology (Vol. 43, Issue 1, pp. 114–123). Elsevier Ltd. 
https://doi.org/10.1016/j.tifs.2015.02.004 

Mansi, Kumar, H., Singholi, A. K. S., & Moona, G. (2023). Additive Manufacturing: A Brief Introduction. In 
D. K. Aswal, S. Yadav, T. Takatsuji, P. Rachakonda, & H. Kumar (Eds.), Handbook of Metrology and 

Applications (pp. 1141–1163). Springer Nature Singapore. https://doi.org/10.1007/978-981-99-

2074-7_59 

Marques, S. C. G. (2019). UNIVERSIDADE DA BEIRA INTERIOR Engenharia The application of new 

technologies in fashion and implementation of additive manufacturing in the apparel industry Design 
de Moda. 

Miller, Z., Stidham, B., Fairbanks, T., & Maldonado, C. (2023). The Use of Stereolithography (SLA) Additive 
Manufacturing in Space-Based Instrumentation. 2023 IEEE Aerospace Conference, 1–10. 
https://doi.org/10.1109/AERO55745.2023.10115988 

Morgan, G., & Smircich, L. (1980). The Case for Qualitative Research. Academy of Management Review, 
5(4), 491–500. https://doi.org/10.5465/amr.1980.4288947 

Nadeera, W. A. A. P., Karunarathna, D. D. A., Madushan, D. M. H., Ferdinando, K. P. M. D. D. L., Perera, G. 
D. V., & Abeyunawardhana, W. L. K. (2022). Solid Waste Management in Textile Industry. In J. Res. 
Technol. Eng (Vol. 3, Issue 1). 

Nath, S. D., & Nilufar, S. (2020). An overview of additive manufacturing of polymers and associated 
composites. In Polymers (Vol. 12, Issue 11, pp. 1–33). MDPI AG. 
https://doi.org/10.3390/polym12112719 

Ngo, T. D., Kashani, A., Imbalzano, G., Nguyen, K. T. Q., & Hui, D. (2018). Additive manufacturing (3D 
printing): A review of materials, methods, applications and challenges. In Composites Part B: 
Engineering (Vol. 143, pp. 172–196). Elsevier Ltd. 
https://doi.org/10.1016/j.compositesb.2018.02.012 

Niaki, M. K., Torabi, S. A., & Nonino, F. (2019). Why manufacturers adopt additive manufacturing 
technologies: The role of sustainability. Journal of Cleaner Production, 222, 381–392. 
https://doi.org/10.1016/j.jclepro.2019.03.019 

Nizar, M., Munir, E., & Munawar, E. (2018). Implementation of zero waste concept in waste management of 
Banda Aceh City. Journal of Physics: Conference Series, 1116(5), 052045. 

Noman, M., Batool, S. A., & Chaudhary, M. N. (2013). Economic and employment potential in textile waste 

management of Faisalabad. Waste Management and Research, 31(5), 485–493. 

https://doi.org/10.1177/0734242X12474711 

Ott, K., Pascher, H., & Sihn, W. (2019). Improving sustainability and cost efficiency for spare part allocation 
strategies by utilisation of additive manufacturing technologies. Procedia Manufacturing, 33, 123–130. 

https://doi.org/https://doi.org/10.1016/j.promfg.2019.05.001 

Paoletti, I. (2017). Mass Customization with Additive Manufacturing: New Perspectives for Multi 

Performative Building Components in Architecture. Procedia Engineering, 180, 1150–1159. 
https://doi.org/10.1016/j.proeng.2017.04.275 

Park, C., & Evans, S. (2017). TransTextile Project Report: High Value Innovation for Industrial Textile Waste 
in Sri Lanka. Cambridge. 

https://doi.org/10.1021/acs.chemrev.7b00074
https://doi.org/10.1109/AERO55745.2023.10115988


FMF 2025 - The International Conference on Facilities Management Futures 2025: Safety Enabled and Sustainable Facilities 

 

[172] 
 

Partsch, L., Vassiliadis, S., Papageorgas, P., Partsch, L. N., Vassiliadis, S., & Papageorgas, P. (2015). 3D 
PRINTED TEXTILE FABRICS STRUCTURES. 5th International Istanbul Textile Congress 2015: 

Innovative Technologies “Inspire to Innovate.” https://www.researchgate.net/publication/283288900 

Pasricha, A., & Greeninger, R. (2018). Exploration of 3D printing to create zero-waste sustainable fashion 
notions and jewelry. Fashion and Textiles, 5(1). https://doi.org/10.1186/s40691-018-0152-2 

Pietzsch, N., Ribeiro, J. L. D., & de Medeiros, J. F. (2017). Benefits, challenges and critical factors of success 
for Zero Waste: A systematic literature review. In Waste Management (Vol. 67, pp. 324–353). Elsevier 
Ltd. https://doi.org/10.1016/j.wasman.2017.05.004 

Quan, Z., Wu, A., Keefe, M., Qin, X., Yu, J., Suhr, J., Byun, J. H., Kim, B. S., & Chou, T. W. (2015). Additive 
manufacturing of multi-directional preforms for composites: Opportunities and challenges. In Materials 
Today (Vol. 18, Issue 9, pp. 503–512). Elsevier B.V. https://doi.org/10.1016/j.mattod.2015.05.001 

Rathinamoorthy, R. (2018). Sustainable Apparel Production from Recycled Fabric Waste (pp. 19–52). 
https://doi.org/10.1007/978-981-10-8515-4_2 

Redress. (2017). SOURCING TEXTILE WASTE ECOCHIC DESIGN AWARD. www.ecochicdesignaward.com 

Rezvani Ghomi, E., Khosravi, F., Neisiany, R. E., Singh, S., & Ramakrishna, S. (2021). Future of additive 
manufacturing in healthcare. In Current Opinion in Biomedical Engineering (Vol. 17). Elsevier B.V. 
https://doi.org/10.1016/j.cobme.2020.100255 

Saboori, A., Aversa, A., Marchese, G., Biamino, S., Lombardi, M., & Fino, P. (2019). Application of directed 
energy deposition-based additive manufacturing in repair. In Applied Sciences (Switzerland) (Vol. 9, 
Issue 16). MDPI AG. https://doi.org/10.3390/app9163316 

Samarakkody, T. (2023). Industry 4.0: Adoption of Challenges in Apparel Industry in Sri Lanka. 
https://www.researchgate.net/publication/377751037 

Seepersad, C. C. (2014). Challenges and Opportunities in Design for Additive Manufacturing. 3D Printing 
and Additive Manufacturing, 1(1), 10–13. https://doi.org/10.1089/3dp.2013.0006 

Shahzad, K., Deckers, J., Kruth, J. P., & Vleugels, J. (2013). Additive manufacturing of alumina parts by 
indirect selective laser sintering and post processing. Journal of Materials Processing Technology, 
213(9), 1484–1494. https://doi.org/10.1016/j.jmatprotec.2013.03.014 

Shakya, A., & Swami, C. (2016). INTEGRATED WASTE MINIMIZATION TECHNIQUES IN APPAREL DESIGN: 
A SUSTAINABLE PERSPECTIVE. 

Shapiro, A. A., Borgonia, J. P., Chen, Q. N., Dillon, R. P., McEnerney, B., Polit-Casillas, R., & Soloway, L. 
(2016). Additive Manufacturing for Aerospace Flight Applications. Journal of Spacecraft and Rockets, 

53(5), 952–959. https://doi.org/10.2514/1.A33544 

Spahiu, T. et al. (2020) ‘3D Printing: An Innovative Technology for Customised Shoe Manufacturing’, in, pp. 

171–180. Available at: https://doi.org/10.1007/978-3-030-29041-2_22. 

Sulochani, R. M. N., Nilmini, A. H. L. R., Jayasinghe, R. A., & Priyadarshana, G. (2021). Waste Management 
and Pollution Control Transitioning Towards a Circular Textile Economy: Sharing Knowledge and Best 

Practices from Sri Lanka. 

Sun, L., & Zhao, L. (2017). Envisioning the era of 3D printing: a conceptual model for the fashion industry. 

Fashion and Textiles, 4(1), 25. https://doi.org/10.1186/s40691-017-0110-4 

Todeschini, B. V., Cortimiglia, M. N., Callegaro-de-Menezes, D., & Ghezzi, A. (2017). Innovative and 

sustainable business models in the fashion industry: Entrepreneurial drivers, opportunities, and 
challenges. Business Horizons, 60(6), 759–770. https://doi.org/10.1016/j.bushor.2017.07.003 

Tomovska, E., Jordeva, S., Trajković, D., & Zafirova, K. (2017). Attitudes towards managing post-industrial 
apparel cuttings waste. Journal of the Textile Institute, 108(2), 172–177. 
https://doi.org/10.1080/00405000.2016.1160764 

Trust, T., & Maloy, R. W. (2017). Why 3D Print? The 21st-Century Skills Students Develop While Engaging 
in 3D Printing Projects. Computers in the Schools, 34(4), 253–266. 
https://doi.org/10.1080/07380569.2017.1384684 

Vadicherla, T., & Saravanan, D. (2014). Textiles and Apparel Development Using Recycled and Reclaimed 
Fibers (pp. 139–160). https://doi.org/10.1007/978-981-287-065-0_5 

https://doi.org/10.3390/app9163316
https://doi.org/10.2514/1.A33544


FMF 2025 - The International Conference on Facilities Management Futures 2025: Safety Enabled and Sustainable Facilities 

 

[173] 
 

Valtas, A., & Sun, D. (2016). 3D Printing for Garments Production: An Exploratory Study. Journal of Fashion 
Technology & Textile Engineering, 04(03). https://doi.org/10.4172/2329-9568.1000139 

Vasco, J. C. (2021). Chapter 16 - Additive manufacturing for the automotive industry. In J. Pou, A. Riveiro, 
& J. P. Davim (Eds.), Additive Manufacturing (pp. 505–530). Elsevier. 
https://doi.org/https://doi.org/10.1016/B978-0-12-818411-0.00010-0 

Verlan, V., & Irovan, M. (2018). APPLICATIONS OF 3D PRINTING TECHNOLOGIES IN THE GARMENT 
INDUSTRY. Applied Researches in Technics, Technologies and Education, 16(2), 104–107. 
https://doi.org/10.15547/artte.2018.02.005 

Withanaarachchi, A., Jayatilake, H. S. B., & Withanaarachchi, A. (2016). Industry 4.0 in the Apparel-
Manufacturing Sector: Opportunities for Sri Lanka. 
https://www.researchgate.net/publication/310466591 

Wong, K. V., & Hernandez, A. (2012). A Review of Additive Manufacturing. ISRN Mechanical Engineering, 
2012, 1–10. https://doi.org/10.5402/2012/208760 

Yap, Y.L. and Yeong, W.Y. (2014) ‘Additive manufacture of fashion and jewellery products: a mini review’, 
Virtual and Physical Prototyping, 9(3), pp. 195–201. Available at: 

https://doi.org/10.1080/17452759.2014.938993. 

Zaman, A. (2022). Zero-Waste: A New Sustainability Paradigm for Addressing the Global Waste Problem. 
In The Vision Zero Handbook: Theory, Technology and Management for a Zero Casualty Policy (pp. 1–

24). Springer. 

  

 

  

https://doi.org/10.15547/artte.2018.02.005
https://www.researchgate.net/publication/310466591
https://doi.org/10.5402/2012/208760

