
 

 

 

Abstract—One of the technologies that have made mass 

customization a reality is 3D printing. This permits a high level of 

customization generating quality products that may require high level 

of detail. There is no need for inventory or work in process storage 

and generally requires less post-processing. Considering the immense 

benefits that this new technology offers, this paper seeks to examine 

the financial side of additive manufacturing. Specifically, it provides 

an analysis of the costs and resulting economic benefits of this 

technology in comparison to traditional manufacturing techniques. 

Finally, the paper discusses some of the future trends that will make 

this technology more cost effective. 
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I. INTRODUCTION 

D printing, commonly referred to as additive 

manufacturing, is a collective term for technologies that 

permit the production of physical goods from the bottom up. 

While traditional tools for fabrication like lathes, drills and 

saws use a large piece of raw material and trim it to create a 

shape (subtractive manufacturing), 3D printing does the 

opposite. Raw materials are added, a single layer at a time and 

ultimately an entire object is fabricated based on a digital 

design file that contains the information about the desired 

object. Lipson and Kurman (1). 3D printing is a manufacturing 

technique that permits intricate designs to be produced with 

holes and interlocking parts.  

3D printing is often found to have potential in terms of 

achieving the direct-cost standards associated with traditional 

manufacturing. Hopkinson and Dicknes (2) argue that 3D 

printing can effectively compete with traditional methods of 

manufacturing for production levels below or at 14,000 units. 

Others; Eleonora, Luca, Paolo and Alessandro (3), indicate 

that the economic benefits associated with this technology in 

the production of small electrical components can go up to 

121,000 units. There are various factors that affect the direct 

costs associated with selecting a 3D printing versus a 

traditional manufacturing technology. 

a) Machine costs for 3D printing machine can be significant 

representing between 60% and 70% of the total direct costs. It 

is however generally found that 3D printing has the potential 

to match the traditional manufacturing techniques on a direct-

cost basis for low to medium levels of production particularly 

when dealing with intricate parts. Sculpteo (13)  
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b) materials costs account for approximately 30% of the unit 

cost of 3D printing systems compared to only 0.2% to 2.7% 

for traditional manufacturing techniques; Morgan Stanley (4). 

The significant differences are associated with large cost 

differentials in the market. Industry estimates indicate that 

photopolymers and thermoplastics used in 3D printing 

technology can cost between $175 and 250 per kilogram. 

Conversely, the cost of the same materials used in traditional 

manufacturing is between $2 and $3 per kilogram Morgan 

Stanley (4). Moreover, the steel powders used in 3D printing 

technology are significantly more expensive compared to those 

used in traditional manufacturing. For instance, a study 

conducted in Italy in 2010 found that a flame-retardant 

polyamide used in 3D printing costs €54 per kg compared to 

that used in traditional manufacturing that costs €3.5 per kg. 

Morgan Stanley (4). 

c) Production speed. The average production time for a 3D 

printed object is substantially longer compared to a mass 

produced item. While there is possibility that 3D printing 

technology will become much faster over time, its production 

speed cannot match the type of speeds and resulting 

production rates of traditional manufacturing techniques such 

as machining or plastic injection molding Barnatt (5). 

II.  ECONOMIC BENEFITS 

3D printing offers numerous economic benefits over 

traditional manufacturing. Specifically, 3D printing generates 

less waste, permits the production of smaller batches, permits 

mass customization, and offers zero lead times.  
 

a) Less Waste. Machining metal under traditional 

manufacturing generates a significant amount of material 

waste.  However, when using3D printing technology, only the 

amount of raw material necessary is used in the fabrication of 

the intended product. The volume of waste generated is 

substantially lower compared to that created by traditional 

manufacturing (machining). Lipson and Kurman (1). Similarly, 

given that there is less raw material wastage under 3D printing, 

it has a great positive impact on the environment. March (6).  

 

b) No tooling costs. The costs associated with tooling 

greatly outweigh the unit costs associated with each extra part. 

Hopkinson and Dicknes (2). For instance, in comparison of 3D 

printing to traditional manufacturing of electrical components, 

researchers in Italy found that 93.5% of the traditional 

manufacturing cost structure is linked to tooling. This has to be 

maintained, stored, and tracked over a prolonged period of 

time. Jens, Christian, and Rainer (7). An important component 
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of 3D printing according to the authors is the technology`s 

ability to reduce or eliminate tooling. 
 

c) Smaller Production Runs. Anderson (8) notes that 3D 

printing offers a perfect solution for manufacturing small 

quantities. The technology also provides a manufacturing 

technique to fabricate niche products that were either not 

possible to mass-produce in the past because of limited 

demand or were not possible to be produced by hand. Lipson 

and Kurman (1) also support the argument that additive 

manufacturing does not offer economies of scale. 
 

d) Large Scale Customization. In the world of 3D printing, 

variety and complexity can be realized fairly easily. The cost 

associated with manufacturing ten different items is the same 

as the cost of manufacturing ten identical items. Similarly, the 

cost of fabricating a highly decorated ornament is the same as 

that of printing a solid plastic item. Anderson (8). The 

characteristic associated with 3D printing permits mass 

customization. The dental and medical industries use 

customized 3D products including customized dental braces 

and prosthetics. 
 

e) Eliminates Lead Time. Other than enabling cost effective 

production of small batches, 3D printing is realized without 

the need for retooling. This implies that 3D printing does not 

have lead-time when manufacturing new products. A new 

product can be fabricated as soon as the previous one is 

completed. This permits firms to do on demand manufacturing. 

Lipson and Kurman (1). 3D printing allows a part to be printed 

on demand. A new part only requires a new design but not new 

tooling.  This can result in significantly shorter lead times. 
 

Future Trends in this Technology that will make it More 

Cost Effective. 
 

Although the technology existed for a considerable period 

of time (early eighties), the adoption rate for this technology 

has been slow. However, this is changing for a number of 

reasons. According to Lipson and Kurman (1), as at 2013, the 

3D printing business was only worth $3 billion, which is 

insignificant when compared to the traditional manufacturing 

industry that was worth $15 trillion. However, there are 

numerous trends in the 3D printing technology that will make 

it more cost effective in the future.  
 

a) Increased adoption of blue-ray diodes. A significant 

percentage of the cost of 3D laser printers is in the laser 

modules. However, over the recent past, there has been an 

explosion of Blu-ray players. As this trend continues, the cost 

of laser modules will be significantly brought down. Blu-ray 

diodes are currently available at a relatively lower cost. This 

will permit the production of desktop systems targeted for 

consumers. 
 

b) Protection of STL File Format. 3D printers largely depend 

on digital files, which represent the designs to be printed. One 

of the main problems in the industry the copyright or 

ownership rights of the designs. At present, consumers can 

purchase STL (Stereo Lithography file format) from numerous 

online libraries at a cost of $40 or $50. High-end sculptures 

cost as much as $600 per print and as high as $2,000 or more. 

Currently, designers lack any form of protection. This is 

because there is no in-built mechanism to protect an STL file 

from being reused or even copied. Designers are hence forced 

to charge a higher price for their designs. However, this is set 

to change in the near future with protection mechanisms being 

thought. Purchase of designs will become widespread when 

marketed by a great vehicle such as Apple through impulse 

buying at a very cheap price. This will allow users to try 

different designs. Some 3D printers are already designed with 

a touch screen. This permits the design library to operate using 

the 3D printer alone without the need for a personal computer, 

which reduces the costs associated with 3D printing. Once an 

online store is created, it will work in the same way Amazon 

operates. It will serve as a marketplace that connects design 

developers and design buyers. Some 3D printer manufacturers 

such as FSL3D are already developing printers with in-built 

digital rights management (DRM). Each printer is encrypted to 

a single serial number. Using such 3D printers, designers are 

able to sell their designs to anybody with DRM 3D printers 

and the design can only work on that single printer. This 

eliminates the risk of designs being stolen or copied endlessly 

between printers. The lower prices will significantly boost 

adoption rates by permitting more designers to become part of 

the ecosystem. Furthermore, many professional designers are 

also sharing their designs free of charge in order for users to 

provide feedback for design improvements.  
 

c) Expiration of Major Patents. Major patents that for 

decades have prevented competition in the industry have 

started to expire. These patents have protected the laser 

sintering technology. Following the expiration of key patents 

associated with 3D printing technology, the industry will see a 

significant drop in the prices for 3D printing devices. A similar 

trend was observed when major patents for fusion deposition 

modeling (FDM) expired with a significant increase in open-

source fusion deposition modeling printers. Within a few years 

after the FDM patents expired, the prices for FDM printers 

dropped from $14,000 to as low as $300. This resulted in a 

significant democratization of consumer-level 3D printers. A 

similar trend is expected with laser sintering technology 

printers. Mims (10). 
 

d) The Emergence of Consumer level 3D Printers. The 

market for consumer level 3D printers did not exist before the 

year 2000. However, the efforts made by DIY hobbyists and 

enthusiastic tinkerers (maker movement) are changing the 

industry landscape. These groups have developed significant 

interest in the 3D printing technology and have become part of 

the web generation. They share ideas, designs, and knowledge 

in a prompt manner and collaborate with other similar-minded 

groups and individuals in specialized online communities, fab 

labs, and hacker spaces (Anderson xx). Because of their 

efforts, the prices for 3D printers will drop significantly in the 

future because as they open-source the hardware, many more 

players specializing in consumer-level 3D printing will join the 

industry. The efforts by the maker movement have also 

compelled companies in the 3D printing business such as 
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Stratasys to begin focusing on the consumer market. Morgan 

Stanley (4) Moilanen (11), PWC (12) 
 

e) Entry of new players. Hewlett Packard (HP) has already 

declared its intention to enter the 3D printing market by 2016. 

Even though the company will focus on high-end professional 

3D printing devices, its entry into this market will make the 

technology more established and enhance its credibility in the 

eyes of consumers. In addition, given HP`s financial resources, 

the company is able to invest significant resources in research 

and development (R&D) and capitalize on its existing 

manufacturing plants to drive down the prices for 3D printers 

thereby reducing the barriers that has prevented users from 

adopting the technology. This trend may also encourage other 

technology companies to join the market, leading to more 

competition and driving down prices. Dignan (9). 

III. CONCLUSION 

There are numerous economic benefits that come with 3D 

printing technology. To begin with, it leads to reduced waste 

of raw materials compared to traditional manufacturing. 

Secondly, unlike traditional manufacturing that relies on large-

scale production to offset costs, 3D printing is very 

economically feasible for smaller production runs or large-

scale customization including the production of very intricate, 

difficult or impossible to make products using traditional 

manufacturing techniques. The industry is taking a number of 

initiatives that will make the technology more cost effective. 

These include increased manufacturing and use of Blu-ray 

diodes to replace laser modules. Another initiative is the 

protection of STL File Format to reduce piracy and reuse of 

designs and reduce the price for the final product. Similarly, 

the expiration of patents will see an increase in open-source 

3D printers that will drive down prices. Other initiatives 

include the entry of new players in the industry such as HP, the 

proliferation of consumer level 3D printers and recycling 

opportunities that will reduce the costs associated with owning 

a 3D printer.  
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