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1. Introduction 
The production of apparel and footwear has a significant impact on the environ-
ment. In 2016, emissions for these two product categories accounted for about 
8 % of global climate impact or 3.99 billion metric tons CO2eq. (Quantis, 2018). 
Trends such as ´fast fashionµ lead to a great demand for new clothes and shoes 
due to the short wearing times. Since most of the production takes place in Asia, 
but goods are worn worldwide, long transport routes are necessary. However, not 
only do transports contribute to a high environmental impact, but many emissions 
also occur during the material processing and production phases. In addition, the 
lack of recyclability is another issue. Shoes, especially sneakers, can consist of more 
than 60 discrete parts and many different materials (HILOS, 2022a). Often, these 
parts are fused almost inseparably. Therefore, it is not economically viable to sep-
arate them by type for recycling. Thus, most shoes can only be shredded and ther-
mally utilised, leading to high demands for primary materials.  

To avoid these issues and make shoe production more sustainable, additive man-
ufacturing (3D printing) of shoes might be a promising approach. In this article, 
we present different approaches to using additive manufacturing technologies to 
produce footwear. First, we will briefly introduce additive manufacturing, highlight 
sustainability aspects, and show some examples of how additive manufacturing is 
used to make clothing and shoes. We then present a new approach to the produc-
tion of customised footwear using only a Fused Filament Fabrication 3D printer. 
In Section 4, the environmental impacts of this manufacturing method are calcu-
lated and compared with values from other studies. In addition, we show which 
non-environmental factors still need to be considered in sustainability. The con-
clusion and the outlook on future work conclude this paper. 

2. State of the Art 

2.1. Additive Manufacturing  

The term additive manufacturing (AM) covers all manufacturing processes whose 
production principle is based on the assembly or joining of volume elements, usu-
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ally in a layer-by-layer manner. For some time now, ´3D printingµ has gained ac-
ceptance as a collective term for various technologies (Gebhardt, 2016). Table 1 
provides an overview of these categories and selected technologies and materials 
that can be used. 

Categories Technologies Materials 

VAT photopoly-
mersation 

Stereolithography Photosensitive resins, 
ceramics 

Material jetting Drop on Demand 
(DOD) 

Photopolymer resins, 
metals 

Material extrusion Fused Filament Fabri-
cation (FFF) 

Fuse Deposit Model 
(FDM) 

Thermoplastics (ABS, 
PLA, PC, nylon) 

Binder jetting Binder jetting Polymer/ceramic/metal 
powder 

Powder bed fusion Selective laser sintering Polymer/ceramic/metal 
powder 

Sheet lamination Laminated object man-
ufacturing 

Plastic/metal/ceramic 
foil 

Direct energy deposi-
tion 

Laser engineered net 
shaping 

Metal/ceramic powder 

Table 1: AM categories, corresponding technologies, and materials (ASTM International, 2012)  

Regardless of the specific technology, AM processes have the following character-
istics compared to conventional production processes (Gebhardt, 2016): 

x 3D CAD data is directly used to generate the layer geometry 

x No use of product-specific tools is necessary 

x The generation of the mechanical-technological properties occurs during 
the construction process 

x Objects can be produced in any orientation 

x All technologies can use the same (STL) data set 

These properties enable AM processes for quantities-independent and individual-
ised production. Advances in materials and technologies mean that even materials 
such as concrete can now be similarly processed (Sanjayan & Nematollahi, 2019). 
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Thus, the application areas for additive manufacturing technologies span countless 
fields of application, from construction to fashion, agriculture, automotive, aero-
space and healthcare (Jandyal, Chaturvedi, Wazir, Raina, & Ul Haq, 2022; 
Shahrubudin, Lee, & Ramlan, 2019).  

2.2. Sustainability Aspects of AM 

There are different approaches to consider sustainability aspects. The most com-
mon approach is to divide sustainability into three aspects: social, environmental, 
and economic, whose interaction and mutual influence can be presented differ-
ently. Three of the most common representations are shown in figure 1. 

 

Figure 1: Different representations of the concept of sustainability (Purvis, Mao, & Robinson, 2019) 

The individual aspects can be connected and weighted differently depending on 
the approach. One approach describes sustainability as the intersection of the three 
aspects. In contrast, another approach describes the individual perspectives as pil-
lars that support the unifying roof of sustainability. A third option sees the envi-
ronment as the comprehensive perspective in which society and, in turn, the econ-
omy are located. However, regardless of the specific approach, it is essential to 
note that sustainability is more than just considering possible environmental im-
pacts.  


