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The manufacturing industry is adopting new technologies and practices in order to remain 

competitive in today’s growing trend of digitalization. Similar to the invention of the steam engine or 
the adoption of the assembly line, such changes have the potential to change our economies. Advances 
in additive manufacturing (AM), also known as 3D printing, are essential to what some are describing 
as The Fourth Industrial Revolution, or Industry 4.0. From mechanization to mass production and 
automation, each industrial revolution introduced a new era of technology that dramatically shifted 
the pre-existing industrial framework. Digital process flows have the potential to do the same by 
accelerating the design iteration process enabling an on-demand fabrication. 
 

AM takes a digital 3D model of an object and turns it into a functional part without the need of molds 
or tooling and with little or no waste. The 3D model is broken down into individual layers and a tool 
path is created that allows a 3D printer to recreate the geometry by adding material layer-by-layer. This 
allows parts to be made on-demand with production volumes as low as one and enables rapid iteration 
of designs because only the digital file needs to be modified. This is what sets AM apart from 
traditional fabrication methods that require expensive and design limiting molds, tooling, and 
fixturing. Although 3D printing can be traced back to the 1980s, its potential in the manufacturing 
industry has only recently been recognized, and it is now being implemented in everything from 
defense and aerospace to medical applications. 
 

A key component of this advancement is the new opportunity for distributed manufacturing. 
 

In today’s deeply interconnected global economy, an international network of manufacturers, 
warehouses, transportation companies, distributors, and retailers must all coordinate to ensure 

https://all3dp.com/2/history-of-3d-printing-when-was-3d-printing-invented/
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products are made in one country and consumed in another. Adoption of AM could transform these 
complex supply chains by eliminating the need to stock, store, and distribute parts across the globe. 
 

Let’s consider, for example, a business needing to replace a broken part on a machine. In the current 
centralized model of production, the logistical challenge of supplying this spare part is no small feat. 
The complexity only deepens when we examine common scenarios, such as the business being located 
in a remote region or production of the spare part being limited to another country. All the while that 
the spare part is maneuvering its way through the supply chain, the business must slow or halt its 
production. 
 

This process could look different under a distributed manufacturing model. Replacement parts could 
be made locally using AM. Rather than send an order for spare parts across the sea, a business could 
send the order down the road to be filled by a local AM service bureau. For an even more efficient 
process, the business could have a 3D printer to construct on-demand spare parts at the site of their 
operation. 
 

Figure 1: Illustration of the traditional, centralized model of manufacturing compared to the 

distributed model using additive manufacturing (AM) technology. With AM technology, the 

manufacturing process of a part can be distributed to local bureaus or take place on-demand at the 

business site, reducing or eliminating transportation and storage stages. 

 

Not only could a shift to distributed manufacturing dramatically shorten the lead time required to 
construct and receive products, but it also has the potential for additional improvements up and down 
the supply chain. 
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Distributed manufacturing can reduce the product’s environmental footprint. Because local suppliers 
shorten the lead time, the process would allow a just-in-time workflow to create products as they are 
ordered. This movement toward a 1:1 supply and demand ratio would reduce waste due to 
overproduction. Additionally, it would eliminate the need for warehouse space to accommodate a 
large inventory. While any system will inevitably require shipments of raw materials and equipment, 
distributed manufacturing would reduce transport and therefore have a lower carbon footprint. 
 

There may also be an opportunity for developing countries to grow their economy through local 
manufacturing enterprises and jobs. Officials in India see the potential of AM and have developed a 
national strategy surrounding the technology. Using this strategy, they hope to revolutionize their 
current manufacturing system and position the country as a major AM hub of the world. While the 
traditional manufacturing model requires a large, integrated factory with a significant up-front 
investment, the new model can include manufacturers with small operations. These widespread 
operations can also provide local jobs and economic growth. This model not only applies to 
developing nations but also to Rust Belt communities in the U.S. that have seen steady decline due to 
lost manufacturing jobs over the last few decades. 
 

Many are aware that global supply chains face the risk of geopolitical forces, but COVID-19 exposed 
the even greater fragility of traditional markets. In doing so, it also provided a glimpse of the benefits 
of distributed manufacturing. As the pandemic began to shut operations down overseas, many 
businesses were unable to obtain necessary supplies from distributors. Not only were businesses with 
AM capabilities able to temporarily shift their production to help address the shortage of critical 
personal protection equipment (PPE) for healthcare facilities, but the technology was also used to 
help businesses continue their own operations. Facing disruptions in the global supply chain, many 
businesses were able to turn to local AM service bureaus in the United States and order the parts that 
typically would have been made abroad or would not have been constructed with AM. 
 

Challenges, however, do persist even in a distributed manufacturing model. While smaller than a 
centralized manufacturing facility, the up-front investment of AM equipment and maintaining 
business operations may still be cost-prohibitive. While economic factors still favor traditional 
centralized fabrication, AM technology is rapidly evolving, driving technical maturity higher and costs 
lower. The value of having parts available in days versus months can help to offset the current cost 
premium of AM fabricated parts. 
 
Several large companies are keen to dominate the AM market and maintain the existing centralized 
model. There is a pattern of small AM producers being bought out by large companies in acquisitions 
and mergers. GE, for example, purchased two AM companies in 2016 and formed its own branch 
called GE Additive, which offers products to businesses looking to implement AM. Large, centralized 
operations benefit from AM, but the additional benefits of a distributed manufacturing system are 
lost. 
 

This pattern is one that we have witnessed before. The manufacturing model is heading down the 
same road as the retail market; large, big-box chains dominate while small, local stores are nudged out. 
It remains unclear whether the recent recognition of the benefits of distributed manufacturing will be 
enough to allow it to persist and grow to become the future of manufacturing. If not, it seems that we 
will be missing an opportunity to improve economic efficiency, reduce carbon emissions, and bring 
opportunity to local communities. 

https://www.cambridge.org/core/journals/mrs-online-proceedings-library-archive/article/abs/environmental-impacts-of-distributed-manufacturing-from-3d-printing-of-polymer-components-and-products/6664350825D8A897213F6B7274CE9823
https://www.sciencedirect.com/science/article/pii/S2212827115005089
https://www.meity.gov.in/writereaddata/files/National%20Strategy%20for%20Additive%20Manufacturing.pdf
https://www.fda.gov/emergency-preparedness-and-response/coronavirus-disease-2019-covid-19/3d-printing-fdas-rapid-response-covid-19
https://www.additivemanufacturing.media/articles/map-visualizes-service-bureaus-across-the-us
https://www.3dprintingmedia.network/am-industry-consolidation-acquisitions/
https://www.ge.com/news/press-releases/ge-plans-invest-14b-acquire-additive-manufacturing-companies-arcam-and-slm
https://www.ge.com/additive
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