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ABSTRACT

The principle advantage of Additive Manufacturing (AM) is that it permits the manufacturing of 
components and ranges of products directly from the digital format from solid modelled CAD data, 
without the need for conventional tooling or the requirement of any other setup prerequisite or 
investment. The potential democratisation of the supply-chain is a topic that is often deliberated, 
although it is not investigated as one of the lucrative opportunities of AM to create a cost-effective 
and agile attribute for production units for innovating consumers (frequently nowadays referred to 
as “prosumers”). The objective of this paper is to explore the contribution of AM as a focused “end-
use” enabler of production for end-user success, market structure, and economic dynamics. The 
paper debates the use of proper scrutiny and accurate assessment and concentrates on a perspective 
to quantify the trade-offs required between the financial advantage of instant availability of fully 
functional goods (products and components) and the efficiency gained through realising economies 
of scale. As proof, standard products produced in a central facility were investigated. To bring this 
analysis in perspective, established models linked to innovation and spatial contesting are utilised. 
The model used in this paper is the Hotelling model developed in 1929 to illustrate the desire for a 
customer to purchase a product from a source nearest and most convenient supplier. A customer 
will always consider price time of delivery and quality when deciding to purchase a product and the 
Hotelling model take these factors into account.  The paper advocates the localised commercial 
advantage in a local manufacturing set-up for a consumer user. The product of choice in this paper 
was a bearing bracket with a mass of 3kg and a case study for Aloa Fasteners was used. The company 
simulated the manufacture and processing of a bearing bracket. The company did not take into 
account the logistics involved in the delivery of goods to the end-user, so the paper addressed the 
gap and information from logistics companies was gathered to fil up the missing information. 
Furthermore, the opportunity for the economic viability of introducing additive manufacturing is re-
iterated. The analysis leads to several propositions concerning the effects of additive manufacturing 
on market structure and will use the hotelling to illustrate the economics of centralising production 
by taking advantage of the market share available in South Africa.
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1. INTRODUCTION

The general convenience of AM is already proven in modern manufacturing planning. In some fields 
AM manufacturing and production is a certainty, and not exclusive for custom designed products [7]. 
AM minimises time and costs including the design phase right through to manufacturing since there 
is no need for investment in pre-production or production tooling or moulds, which therefore negate 
the need for designing tools, moulds or commissioning the fabrication of the necessary tooling and 
fixtures. Nevertheless, the financial gain, efficiency growths and process improvements in design, 
analysis, testing and manufacturing are far more significant. With regard to time, a further AM 
advantage is that once the part design is released, the production begins immediately. Delays due 
to the fabrication of moulds, fixtures or tooling that usually take several weeks of work, are avoided. 
However, delays are costly, and the norm in instances where tooling is involved. Eliminating those 
lead times save time, with considerable financial benefit.

Additive manufacturing technologies (often also referred to as “3D printing”) are regularly described 
as the mechanism that could potentially disrupt the manufacturing business structure [1],[2]. In this 
paper, the intention is to investigate the economic consequences of AM from the perspective of a 
consistent framework. A framework with which to explain several relevant facts in AM, such as the 
time-invariance of a decision-making mechanism using a modelling strategy to look at the stability 
of a mixed technology approach, and the co-existence of head-on competition and diversification of 
technology platforms of different manufacturing entities.

Even after omitting such statements by considering the confines of the existing abilities of AM 
technology considering production throughput, mechanical properties, part accuracy, or quality 
validation, AM undoubtedly has substantial implications for the manufacturing industry and the 
planning of supply chains. Present-day students are already using AM and understand how to leverage 
these new skills. By having access to this disruptive technology, a new generation of engineers are 
already creating innovative changes in the workplace.  In 2018 95% of the hearing aid enclosures 
sold were manufactured from Additive Manufacturing. These figures give an example of how the 
additive manufacturing business is slowly gaining ground in the manufacturing business.

The outlook in 2018 was that one of the eight technologies shown in table 1 would be the correct 
fit for any company. Gartner (2015) stated that late adopters of AM are delaying the purchase of AM 
technology based on the cost of technology and manufacturing.  

Various companies have already incorporated AM report savings. Some of the advantages reported 
include product development cost reduction from 2.9 to 3 %; inventory cost decreasing from 3 to 4% 
and manufacturing cost-reducing to 7%. The present research shows a trend of AM democratisation 
in parallel with revolutionary designs.  Hybrid production is used to repair used parts, and AM has a 
strong presence in the component replacement market. The integration of the South African 
manufacturing sector with the global manufacturing industry has introduced challenges with 
implementing the National Development Plan in the industrial area.  The facts that should be faced 
is that globalisation, strong-handed competition and a change to a buyers’ market are aspects that 
need to be considered.  Flexible and effective manufacturing practices have always been the 
foundation of successful enterprises. Gartner (2015) indicates that the international supply chain 
managers are prospecting for sustainable, affordable, innovative quality products. In the modern 
world, industrialists are dealing with a decreased economic lifespan of consumer products, with the 
requirement of a shorter time to market and the pressure to have more short development cycles.  
These fast development and short life cycles are further complicated by the growing demand for 
mass customisation.  Supply chain functionaries cannot wait for factory or consulting service 
estimators to prepare quotations anymore.  Appropriate to its technical characteristics, AM 
technologies listed in Table 2 have been labelled the hypothetical catalyst of “the fourth industrial 
revolution” by, amongst others, the New York Times, The Economist, or Business Week [2][3][4]. 
Even after discounting such statements by considering the limitations of the current state of AM 
technology about production throughput, mechanical properties, part accuracy, or quality 
validation, AM indisputably has strong implications for the manufacturing industry and the redefining 
of the supply chain.
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1.1 Benefits of Additive Manufacturing

Given a small manufacturing firms flexibility to decentralise production since the technology is 
moveable. Other benefits are product customisation, improved resource efficiency and reduced 
inventory which are described in this section.
1.2 Decentralized production –

Additive manufacturing technology is universally deployable, and thus this can enable businesses to 
take production to local markets and consequently, the manufacturing unit can move away from 
centralised production and take the production to where it is needed. South African businesses can 
bring production locally rather than relying on imports. In a global market where, geopolitical 
tensions can arise in form of trade-war, cost can manage down by making part locally especially in 
cases where components are too highly priced [10].

1.3 Drive for product customisation

Additive manufacturing has no standard tooling requirements and can result in an improved and 
agile supply chain. Product design and distribution can be merged into a single supply chain and 
there is greater client involvement in additive manufacturing and resultant in the application -
freedom of design. Owing to it being a tool-less process there is more freedom to customise a 
product to suit the client. [12] In AM there is no direct relationship between product complexity and 
manufacturing cost unlike in traditional processes which have a close relationship. In traditional or 
subtractive manufacturing processes the complexity of the product design will drive complexity for 
tooling and assembly labour. In AM Free-moving parts, for example, ball and socket joints can be 
printed in a single agile structure that does not require any assembly afterwards [1].  Figure 1 
illustrates the optimisation of a bearing bracket for additive manufacturing. The original envelope 
is more straightforward for manufacture using conventional manufacturing while the optimised part 
may take longer to manufacture due to complexity. AM overcome the manufacturing of the intricate 
part without any restrictions or additional cost.  The optimised part allows manufacturer to produce 
a lighter and stronger part than the norm in conventional manufacturing and there is less tooling for 
parts when using additive manufacturing. 

Figure 1: Comparisons between optimised and unoptimised part 
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1.3.1 Reduce complexity and improve time-to-market

The number of processes required in additive manufacturing is less than in conventional 
manufacturing and can reduce cost by cutting production cost, reducing lead times and improves on 
time to market. 

1.3.2 Improve resource efficiency

Additive manufacturing reduces material wastes by +/- 90 per cent because a high percentage of 
unused material can be recycled unlike in subtractive manufacturing, where material removed 
becomes scrap. 3D printing offers an environmentally friendly process since products made applying 
AM leave a smaller carbon footprint than traditional manufacturing processes. The AM process 
achieved better results because there are less tooling and processes, and the reduction in 
transportation cost [11].

1.3.3 Streamline inventory and logistics

Additive manufacturing will have a significant impact on warehousing and logistics and will have the 
potential to overcome tariffs associated with warehousing as there is less need for inventory because 
this is an on-demand process [9]. The need to transport good across countries and cities is also 
reduced. Additive manufacturing enables organisations to bypass the traditional supply chain and 
thus can manufacture a product by themselves with distribution centres in proximity. With the fewer 
assembly steps there is a further decrease in production costs and fewer assembly steps and thus 
resulting in lower labour cost [8]. Freedom of design can result in fewer simpler parts in the design 
as well and can also add to the decrease in assembly cost [12]. Figure 2 summarises how resource 
utilisation can be cut down by using additive manufacturing and also decentralizing manufacture.

Figure 2: Illustration of reduction of resource input

Table 1: AM technologies Defined courtesy Gartner online webinar [5].

The Originals “Print-Like” Metals and More Paper, Metals and…
Material Extrusion Binder Jetting Direct Energy 

Deposition
Sheet Lamination

Stereolithography Material Jetting Powder Bed fusion Multi Jet Fusion

THE OBJECTIVE OF THIS PAPER IS TO EXPLORE:

1. Explore the contribution of such “end-use” focused AM enabled production on an end-user:
a. prosperity, 
b. market structure, and 
c. economic dynamics. 
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2. Quantify the trade-offs required between:
a. the financial advantage of instant availability of fully functional goods (products 

and components) and 
b. the efficiency gains of realising economies of scale with the aid of proper scrutiny 

and the accurate assessment,

2. METHODOLOGY

Firstly, it is clear that conventional manufacturing offers low diversity and, in many cases, express 
an inability to match the customer’s specific need. AM, customisation is provided without any 
penalty.
Secondly, the further shortcoming results from the time lag from the digital concept to the physical 
product that is needed already.  The aforementioned applies specifically to those products with a 
very high inventory cost that is only available from a centralised supplier.
As proof, products produced in a central facility will be investigated vs end-user customised need, 
clearly indication customer preference using the Hotelling model.  Specific case studies will be 
perused.  Time-consumed and workman skills required crafting a unique customised product the 
contribution to innovating users that can provide significantly better and affordable products are 
considered to give better results. 
The results and comparisons will be reduced to the graphs to illustrate the competitive situation.

To bring this analysis in perspective, established models linked to:
- innovation and 
-spatial contesting is utilised.

3. APPLYING THE HOTELLING MODEL IN ADDITIVE MANUFACTURING DECENTRALIZATION

The aim of this paper if you compare centralised manufacturing with decentralise manufacturing in 
the era of additive manufacturing.  The advantages of centralised production are typically 
economies of scale economic. Economies of scale in production covering both static factors such as 
fixed cost specialisation of workforce, all vertical linking economies and dynamic factors such as 
experience or learning effects and growth of the company. The advantages of centralised production 
are typically the reduction of buffer-stock. Centralised procurement can be organised more 
efficiently in the centralised production system. Buyers negotiating power is increased, with lower 
input cost as the nett result.  On the other hand Am office the distant future do we place locally 
next to the potential customer. Am allows private consumers to design and produce their own 
products strengthening the idea of the prosumer. 

In this paper the Hoteling Linear City model, which was developed by Harold Hotelling in 1929 is 
used to illustrate the economic benefits of decentralising the manufacturing using airline companies 
as a case study scenario. In the hypothetic model an air bracket is to be purchased, and one will be 
ordered from Seattle in USA, and one will be manufactured from VUT science park using the VX500 
jet printer to create a part for investment casting.  The model aims to highlight the benefits of 
having a spare part manufactured locally compared to ordering from the USA and aim to be an eye-
opener to the benefits of decentralising manufacturing not only to South Africa but to the rest of 
the world. Additive manufacturing offers a better opportunity for flexible manufacturing and 
decentralising manufacturing. In the model the notion of locational equilibrium in which two firms 
choose their location by taking into consideration the customer distribution and transportation costs. 
For the study, transportation cost will be calculated as a function of time and opportunity cost in 
addition to the courier cost as it will not be accurate to compare shipping by air and by road. The 
average cost will be given as a single figure for transportation for both cases. The three variables 
which will need to be evaluated are competitors’ location, customers’ distribution and 
transportation costs (opportunity cost, courier and certification).

The model has two approaches which are the static model and the dynamic model. The static model 
involves choosing location and prices simultaneously before considering the customer and the second 
model is the dynamic models which involves choosing price after determining the location.  The 
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study for additive manufacturing uses the dynamic model because it is flexible and manoeuvrable. 
Consumer will always choose a product with three factors in consideration which are cost, time and 
quality. 

= = +
( )

…………………………………………………...1

P2 -price for price ordered from Seattle
P1 – price from locally producing our own product
B - distance from Seattle to equilibrium location multiplied by cost per unit; 
a - Distance from Johannesburg to equilibrium location multiplied by cost per unit distance;

a and b are simply a percentage of the whole distance to be covered so the distance covered by 
both first must be added up then each for distance will then be divided by the total.  The same will 
apply for prices on the market

t - is the transportation cost and cost of production
D1 – is the market share accessible to local producers.

It is important to note that the market share referred to in equation 1 is the percentage of the 
population that will find it cheaper and beneficial to purchase local products which may include 
customers from the SADC region. If local producers can produce products at a cheaper rate than the 
international market, we can increase our market share.   According to the equation increase in 
transportation cost will bring the equilibrium distance closer to the location where the customer is, 
which is Johannesburg. P1 (cost of producing locally) will factor in cost of purchasing the machine, 
certification (non-destructive testing and iso certification costs) and production costs [13]. 

The equilibrium location or centre will not be the actual physical equilibrium because there are 
different modes of transportation and opportunity cost will vary; thus these are considered in our 
transportation cost. 

We can further modify the equation to consider quality to become 

=
( ).

.
…………………………………………...2

Mu and Mc are the customer marginal cost and manufacturer marginal costs respectively. The 
marginal costs Mu and Mc also consider the transportation costs and production costs. Fc are the 
fixed costs. From the equations 1 and 2 it can also be seen that for items with low production costs 
it makes more sense to produce the goods locally and the equations show that the optimal distance 
for lower price items is closer to the customer than the manufactured. When applying hotelling in a 
manufacturing value chain one finds the optimal market share is the potential revenue that the unit 
can generate from decentralising production.  The hoteling model can also be modelled locally in 
South Africa by simulating installation of multiple additive manufacturing plants in different
provinces in South Africa and then comparing them to conventional manufacturing. Both equation 1 
and 2 can be used to calculate the market share but for the purposes of this study the authors will 
use equation 1 because it will give the percentage market share that can access in the market.
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Figure 3: Bearing Bracket

Figure 3 shows a bearing bracket which is an aircraft part and is manufacturable by 3D printing. In 
the study the part manufacturing process was simulated at the VUT Southern Gauteng Science Park 
AM technology. The results in Table 2 show the costs of printing the part from the printing of the 
pattern to the delivery of the part to Johannesburg international airport. It also shows the cost for 
producing the product locally. These costs are simulations done at the Vaal University of Technology.

Figure 4: Bearing Bracket optimisation

Table 2: Calculating price for producing locally

Activity Service provider Amount



110RAPDASA 2019 Conference Proceedings

VUT Printing VUT R9000
Transport within the Vaal 
for processing 

R1000

Casting VUT R6000
Filling optimisation VUT R6000
Stress and distortion tests VUT R8000
Total cost /time R30000

The part manufacturing process was simulated from St Petersburg (USA) to be delivered to 
Johannesburg international airport. The company name is Alcoa Fastenings Systems and rings. The 
simulations for the parts were done using Workbench and to illustrate the forces that the part will 
experience when functioning. Subsequent completing the casting simulation, the printing process 
was simulated where after the total cost of the part was calculated. The material to be used for 
manufacturing is assumed to be aluminium.  Figure 2 illustrates the simulation of the part, and under 
the forces it would experience, and it was concluded that part would be functioning well. 

Figure 5: Simulation of forces applied to bracket

Table 3 shows the cost of the part shipped from Seattle to South Africa. 

Table 3: Cost of shipping from Seattle

Supplier Price
Shipping Cost Courier R1650(courier)

Purchase of Bracket Alcoa R20000
Total cost R21650

The distance from Seattle to Johannesburg is 16000km while the distance from Vaal university of 
technology to Johannesburg is 50km. The ratio of the distance will be given by 320:1. Considering 
that air travel is approximately 8 times faster than road the ratio will reduce to 40:1. 

From the data collected we find that our market share becomes 

= =
21650 30000

2(1900 + 30000)
+

1
1
41

+
40
41

2
= 84%
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According to the results from this simulation our market share is 84% of the population between 
Seattle and Johannesburg. This figure assumes that the population density is evenly distributed. One 
also needs to consider that there are opportunity costs, primarily when the products are produced 
locally. This is because it may be time-consuming to cast the part in South Africa and thus there is 
need to implement additive manufacturing in South Africa in order to be competitive and in order 
to harness the market for AM parts within South Africa and beyond. It is still more expensive to 
produce the part in South Africa so optimisation of the South African printing process is important 
and need to be done to give a competitive advantage internationally.

CONCLUSION

The paper advocates the localised commercial advantage in a local manufacturing set-up for a 
consumer user. The outcomes will indicate integration of AM in a conventional setup and the 
resultant solutions obtained from this approach. The opportunity for the economic viability of 
introducing additive manufacturing is re-iterated. It can also be seen that there is a potential market 
share that can be harnessed and increase profitability for local industry by bringing additive 
manufacturing locally and reinventing the South African supply chain to improve logistics. It is also 
worth noting that products should be standardised to minimise differentiation of products with 
similar functions. The methodology will also allow for compatibility of similar products across the 
globe thus allow it to be easier to decentralise. 
The analysis leads to several propositions concerning the effects of additive manufacturing on 

market structure. There is a clear expectation that one consumer user will affect several vertical 
centralised manufacturers concerning the potential band-with of operation.
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