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Abstract 

Metal Additive Manufacturing technologies began to be developed many years ago, until now, have 

been mainly used to produced prototypes. With the fourth industrial revolution, industry 4.0, the produc-

tion technologies that allow greater information sharing, more automatization and have been incorpo-

rated in the production processes, such as additive manufacturing (AM).  

Additive manufacturing technologies have many advantages when compared with traditional technolo-

gies of production, such as subtractive manufacturing (SM) or forming. AM is one of the major’s possi-

bilities for spare parts production, with high demand variability with reduced manufacturing costs, even 

in the case of low quantities, as in the case of spare parts.  

Companies that seek to apply additive manufacturing technologies in the spare parts production, want 

to know what the advantages of those new technologies when compared with traditional technologies 

of production. Thus, knowledge about the costs of the technologies in the decision making between 

technologies to use is essential.  

This dissertation focuses on the development of an economic comparative model between advanced 

technologies – AM and HM and classical technologies – SM and forming. The validation of the devel-

oped model using two case studies as the objective of create an adapted and in line with business 

reality. It is expected that the implemented model, in Microsoft Excel, to be a decision-making tool of 

which technology to implement to each part to be produced having in consideration the associated costs.  

Key words: Additive Manufacturing, Subtractive Manufacturing, Forming, Hybrid Manufacturing, 

Cost Comparison, Spare Parts Production 

 

1 Introduction 

The development of the fourth industrial rev-

olution, industry 4.0, has been responsible 

for the development and implementation of 

new technologies of production. With the im-

plementation of those new technologies, 

companies are trying to improve the infor-

mation sharing, automatization, reducing the 

production costs in time, waste and labour.  
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Additive manufacturing technologies are one 

of the most promising technologies to imple-

ment industry 4.0 in the companies. The new 

technologies of production could be crucial 

in the transformation of the physical environ-

ment of a manufacture. 

Technologies of additive manufacturing are 

technologies based on the construction of 

parts by layers and could give to the compa-

nies more flexibility in production as well as 

more profitability. In the information sharing 

and globalization of production, additive 

manufacturing technologies could provide to 

the companies more capacity to share 

through the sharing of 3D models of parts.  

The growth of AM technologies in the last 34 

years as reached a value of 4 billion dollars, 

in order to reach the market expectations 

and necessities, Thompson et. al. [1]. 

One of the areas of production where this 

technology has been seen with potential to 

growth and to substitute traditional technolo-

gies is the spare parts production sector. In 

this sector the client’s necessities are 

needed to be fulfilled rapidly and the service 

level should be high, although the variability 

of the production.  

The objective of this work is to compare the 

use of traditional technologies, Subtractive 

Manufacturing (SM) and funding with ad-

vanced technologies of production, additive 

and hybrid manufacturing technologies, in 

the production of metal spare parts. For that 

should be identified the variables affected by 

the application of different technologies of 

production. It is important to identify the pro-

cesses to produce by the different technolo-

gies and it should be created a spread-sheet 

that allow to determine the production tech-

nology more advantageous economically, 

having in consideration the economic impact 

into the companies that the implementation 

of a new technology of production can have.    

In this way, it is possible to identify two main 

objectives:  

1- Develop a comparison cost model 

that is automatized and possible to 

be used by different companies.  

2- Validate the model with the compa-

nies so the model should have in 

consideration the reality of the com-

panies, in order to make possible to 

them to used it in the decision mak-

ing of implement new technologies.  

2 Problem Description 

2.1 Supply Parts Demand Character-

ization 

The necessity of increase the life period of 

equipment rise the search for supply parts 

demand, in order to reduce costs and make 

companies more sustainable.  

Supply parts production necessities could 

arise from two origins:  

1- Satisfy post-selling as a supplier; 

2- Self-use in the case of failure of 

equipment essential to production, 

in the management of industrial 

parks. 

Considering the first case, it is important to 

keep high service levels (quality, lead-times 

and reduce costs), to keep clients satisfac-

tion. In the second case, the necessity of low 

lead times became from the necessity of re-
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duce downtime, once that a stationary ma-

chine may involve high non-production 

costs.  

Spare parts are one of most critical areas in 

a company, with the necessity of fulfilled the 

demand, internal or external, of parts that 

have high variability and where is needed to 

keep the low costs and low lead-times.  

2.2 Production Technologies 

Technologies of MAM arise due to the ne-

cessity of produce metal parts in more sus-

tainable way using bulk raw materials. Is 

used is based in the construction of a part 

layer by layer until reach the final part with 

the shape desired.  

Traditional technologies are not as much 

sustainable as AM, due to the use of more 

materials, more labour and in the case of 

forming, the necessity of invest in moulds 

that can only produce parts with only one 

shape.  

2.2.1 Traditional Technologies 

SM is based on production, as the name in-

dicates, by subtraction from a block of mate-

rial until reach the shape desire, this opera-

tion originate more waste and it is difficult to 

implement in the case of parts with more de-

tail, according to Homar e Pušavec [2]. 

Funding technology is used nowadays, and 

it is one of the oldest technologies to trans-

form metals. This technology makes the use 

of mould to give metal the shape wanted. 

The material is heated and then is putted into 

the mould and cooled, in order to produce 

the part, after that, the part is extracted, and 

little SM operations are made in order to give 

the part the finishing touch dimensionally 

and superficial aspect, according to Henry et 

al.  [3]. 

2.2.2 Additive Manufacturing Tech-

nologies 

As said before, AM technologies are based 

in the construction of parts layer by layer in 

order to reach the final shape. There are a 

lot of additive manufacturing technologies, to 

produce metal parts and that can be used by 

the companies. In this work the technologies 

that will going to be studied are Wire Arc Ad-

ditive Manufacturing (WAAM) and Selective 

Laser Melting (SLM).  

2.2.2.1 Wire Arc Additive Manufactur-

ing - WAAM 

WAAM is an AM technology based in Direct 

Energy Deposition (DED). This process in-

volves successive cycles of fusion deposi-

tion and cooling with the objective of reach 

the final part. The material used is a wire in 

bobbin and use an electric arc as heat 

source, that melt the wire and the material is 

deposited in a base plat compatible with the 

final material of the part.  

This technology is compatible with three dif-

ferent welding processes, Tungsten Inert 

Gas, Metal Inert Gas or Metal Active Gas 

and Plasma, Weman. [4] A scheme of weld-

ing is presented in the Figure 1. 

 

Figure 1 - WAAM Scheme (source: The Belgian 
Welding Institute [5]) 
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2.2.2.2 Selective Laser Melting – SLM 

The technique of selective laser melting in-

volve a process of fusion of one layer of pow-

der to produce objects trough powder ob-

jects, layer by layer until the surface, accord-

ing to the ASTM [6]. 

The SLM technique is based in a processes 

of powder bed fusion (PBF), where a laser 

acts over a layer of powder, that is diffused 

in layer with the use of a cylinder, the powder 

is melt until it reaches the final shape. This 

process is repeated until the part is con-

clude, according to Hebert [7]. To better un-

derstand this technique, it is suggested to 

analyse the Figure 2.  

 

Figure 2 - Scheme of SLM Technique of Produc-

tion (fonte: Sames et al. [8]) 

2.3 Hybrid Technology 

Hybrid Manufacturing can be described, ac-

cording to Strong et. al. [9] as a set of pro-

duction processes such as AM, linked with 

another production process, such as SM. 

The attributes of each process are planed 

jointly so the final product can reach the 

stablished specifications.  

The companies can take the main ad-

vantages of using AM, reducing the disad-

vantages, through the incorporation of SM in 

the production. SM acts as a complement of 

AM, creating a hybrid system. In the figure it 

is presented a scheme of hybrid machine of 

production integrating WAAM an SM.  

 

Figure 3 - Scheme of a Hybrid Manufacturing 
Machine (source: LASIMM Project [10]) 

2.4 Case Study 

The spare parts production problem is trans-

versal to every company with necessities of 

spare parts. In order to evaluate the cost an-

alyse to be performed two parts are studied, 

of two different companies (company X and 

company Y).  

Company X acts in the cellulose industry and 

uses a lot of machines in the production pro-

cess. Those machines require spare parts 

frequently, and in order to ensure a quick re-

pair of the machine, the replacement of the 

parts should be made as quick as possible. 

The machines age and the dynamic of the 

business world, with company’s failure and 

technological development of the machines, 

resulting in discontinued of old models, lead 

to the difficult to reach spare parts from the 

machine’s producer.  

Company X have in the warehouse around 

of 170 000 to 190 000 spare parts to be used 

in the industrial park, that are produced 

through traditional technologies, and bought 

to suppliers. Nowadays the company is look-

ing for reduce warehouse costs but having 

at the same time short lead times. 
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Company Y operates in the aeronautic in-

dustry and need to fulfil the demand of spare 

parts. The high number of clients leads to the 

necessity of send spare parts every day to 

different clients. Considering the phrase by 

Walter et. al. [11] “Nothing is more expensive 

that an air plane on the ground”, leads to the 

necessity of send parts as fast as possible in 

order to keep clients satisfaction. The spare 

parts needed from company Y are produced 

trough SM, leading also to high inventory 

costs, with the necessity to stock the blocks 

of raw material and high lead times so the 

supplier deliver the raw material.  

Both companies are interested in investing 

in AM technologies of production so, they 

can complement or substitute the production 

through traditional technologies. Searching 

for reduce costs and times, of traditional 

technologies.  

3 Literature Review 

3.1 Classical Technologies of Pro-

duction 

Has said before, there are two traditional 

technologies of production that will going be 

analysed in these study, SM and Funding.  

According to Hällgren [12], SM is a tradi-

tional technology, where is possible to pro-

duce rapidly, with high dimensional precision 

and with a smooth finish, with no rugosity. In 

other way, SM, is not a sustainable process, 

where to produce a part the waste produced 

is high, ether the raw material waste or the 

expensive tools that are worn out during the 

production process. The production process 

through SM, implies high levels of raw mate-

rial inventory, or high lead times, leading to 

higher costs. Also, parts produced by SM, 

could not have a high complex shape, cases 

where in the traditional technologies’ parts 

are made through forming.  

Forming advantages and disadvantages are 

evaluated by Senyana [13]. The main ad-

vantages of forming are the capacity to pro-

duce complex parts, through a simple and 

rapid process, that can use scale economies 

to make the process more economic and 

cost effective. Although there are a few dis-

advantages, the necessity of expensive 

moulds is one of the main ones, but also the 

superficial finish and the low accuracy of the 

measures could be cited as disadvantages 

of this technology.  

Ingole et. al.[14] refers as the dimensional 

precision and the complexity of the part as 

well as the tools mould cost the main factors 

to choose which traditional technology to 

use.  

3.2 Advanced Technologies of Pro-

duction 

Disadvantages of advanced technologies of 

production are mainly the capacity to reduce 

the raw material needed, which is mainly im-

portant in the case of expensive materials, 

according to Le et. al. [15] and Ford and 

Despaisse [16]  and also, those technologies 

allow reduce inventory costs, according to 

Zhai et. al. [17].  

As all the technologies, AM, has disad-

vantages, such as the final part finish, low 

dimensional accuracy and the time needed 

to produce the part, leading to the impossi-

bility to use AM to mass production, by Merk-

lein et. al. [18]. Those disadvantages are be-

ing outdated using combined technologies, 
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between advanced and traditional technolo-

gies, through the Hybrid Manufacturing 

(HM).  

HM is being used combining AM with SM, 

with the use of SM to finish the part is possi-

ble to reach the final shape with a smooth 

superficial finish and dimensionally exact, 

Thomas and Gilbert [19].  

3.3 Economic Analyse of Technolo-

gies 

Various authors had studied the economic 

impact of additive technologies in the indus-

try of metal spare parts. Some of the most 

analysed costs are the costs of labour, in-

ventory, re(design), waste treatment, soft-

ware, hardware, machine, stop time, part 

cost, production space and machine mainte-

nance, Khajavi et. al.[20] and Baumers et. 

al.[21].  

The costs analysed and the conclusions 

reached to different authors, are diverse.  

Some of the authors reach to the conclusion 

that the machine cost is one of the costs with 

more impact in the technology choice, but 

that cost important of this cost depends from 

the quantity of parts to be produced (Linde-

man et. al. [22], Rufo et al. [23]). Other au-

thors like Rickenbacher et. al. [24], conclude 

that the costs with direct relation to the pro-

duction, has labour or operation costs have 

a major impact in the final cost of the part 

produced.  

4 Economic Model  

The economic model was built having in con-

sideration the costs comparison between 

traditional and advanced technologies of 

production. After the first implementation of 

the model, this has been validated buy the 

companies of the case studies presented be-

fore. 

The technologies analysed through this work 

were as traditional technologies SM and 

Funding (the production and the buying of 

parts) and the production through advanced 

technologies, AM, HM and AM+SM (HM with 

two machines).  

Considering all the technologies and possi-

bilities of obtaining the parts, the cycle of 

production differs a lot between technolo-

gies. The main factors of differentiation be-

tween technologies are the velocity, equip-

ment required, production cadence, superfi-

cial finish, material quality, labour, software 

needed, inventory and flexibility of produc-

tion. 

In order to compare the technologies, having 

in consideration the factors named before, 

the costs to be analysed are labour, produc-

tion, equipment, stop-production, logistical 

and waste treatment costs.  

CMO+CP+CE+CPP+CL+Td

Custo Total da Peça 
(€/peça)Custo de Paragem de Produção

CPP (€/Peça)

Custos Logísticos
CL (€/Peça)

Custo dos Equipamentos
CE (€/Peça)

Custo de Produção
CP (€/Peça)

Custo de Mão de Obra
CMO (€/Peça)

Custo de Tratamento de Desperdícios
Td (€/Peça)

 

Figure 4 – Costs per part calculation 

After de decomposition of the costs it was 

possible to decompose each one in head-

ings, to be easier to the companies to get the 

data to use the cost model.  

The different headings of the costs were also 

object of validation by the companies. With 

that validation it was possible to better un-

derstand the data available to them and the 

units of each heading. So, to construct the 
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cost model that information it was tacked un-

der consideration.  

With the cost model constructed it was im-

plemented in the Microsoft Excel.  

5 Results 

After the obtention of the final cost model 

and the implementation in the Excel file, the 

data provided by the companies X and Y it 

was used to calculate the model.  

5.1 After-sell Service 

Company Y part, in Figure 5, is used to pro-

vide after-sell service, and it is produce using 

SM. The company want to analyse the eco-

nomic feasibility of produce through those 

three technologies: AM, HM and AM+SM.  

 

Figure 5 - Part to be analysed considering after 

sell service 

The data about the company was loaded into 

the file, as well as the data from the different 

technologies. The cost per part produced 

through SM are presented in the  Table 1. 

Table 1 -Costs per part produced through SM 

Costs Value 

Labour Costs 220,00 €/part 

Equipment Costs 9 378,60 €/part 

Production Costs 31 796,00 €/part 

Non-Production Costs 0,00 €/part 

Logistic Costs 672,96 €/part 

Waste Treatment Costs 1 890,00 €/part 

Total 43 957,56 €/part 

After obtain the values presented, it was 

loaded the data to the part produced through 

AM, and the values obtained are presented 

in Table 2. 

Table 2 - Costs per part produced through AM 

Costs Value 

Labour Costs 193,44 €/part 

Equipment Costs 7 666,60 €/part 

Production Costs 24 732,95 €/part 

Non-Production Costs -   €/part 

Logistic Costs 556,31 €/part 

Waste Treatment Costs 117,00 €/part 

Total 33 266,30 €/part 

After obtaining those costs a sensibility anal-

ysis it was made in order to understand the 

impact of the annual number of parts in the 

cost per part. And it was concluded that AM 

is always more efficient economically than 

SM. Independently of the number of parts 

needed. 

After the comparison between AM and SM, 

the comparison between AM and HM it was 

loaded, and through the analyse of the data 

presented in the Table 3.  

Table 3 - Costs per part produced through HM 

Costs Value 

Labour Costs 395,50 €/part 

Equipment Costs 19 666,60 €/part 

Production Costs 29 068,97 €/part 

Non-Production Costs 0,00 €/part 

Logistic Costs 507,69 €/part 

Waste Treatment Costs 373,85 €/part 

Total 50 012,61 €/part 

Through the analyse of that data it is possi-

ble to conclude that the total cost of the part 

is higher using HM than SM.  

The sensibility analysis to the number of 

parts needed annually it was performed con-

sidering the SM and HM technologies. With 

that analyse it is possible to conclude that to 

a higher number of parts annually needed 

the technology of HM is the most advanta-

geous economically.  
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After that analyse the calculation to AM+SM 

it was performed, and the data obtained is 

presented in the Table 4.  

Table 4 - Cost per part produced through AM+SM 

Costs Value 

Labour Costs 401,50 €/part 

Equipment Costs 15 878,60 €/part 

Production Costs 15 878,60 €/part 

Non-Production Costs 0,00 €/part 

Logistic Costs 6 546,74 €/part 

Waste Treatment Costs 491,22 €/part 

Total 39 196,66 €/part 

With the calculations performed it is possible 

to conclude that AM+SM is economically 

more advantageous than SM, but it is more 

expensive than AM.  

With the values obtained, company Y had re-

ferred that to the part analysed it is not pos-

sible to use only AM technology, due to the 

surface finish and lack of dimensional accu-

racy. Consequently, the technology more 

feasible is HM.  

5.2 Self-Use Parts 

Company X part, Figure 6, it is used to repair 

machines in an industrial park, it bought to a 

supplier that produce the part through form-

ing.  

 

Figure 6 - Part to be analysed considering self-
use 

The company X wants to analyse the feasi-

bility of production in the company using AM 

or HM.  

In order to perform the comparison, the data 

obtained from the company, to the part 

bought it was loaded in the Excel file. Alt-

hough the production time through forming, 

given by the company of 180 days, that 

value it was not considered in the non-pro-

duction cost, once that the company keep in 

the warehouse 4 parts, to substitute in case 

of failure of the machine. Therefore, the non-

production time considered it was 1h.   

After the calculations, considering the data 

presented before, the cost per part obtained 

is presented in the Table 5. 

Table 5 - Costs per part bought 

Costs Value 

Labour Costs 0,00 € /part 

Equipment Costs 266,64 € /part 

Production Costs 0,00 € /part 

Non-Production Costs 108 000,00 € /part 

Logistic Costs 752,75 € /part 

Waste Treatment Costs 0,00 € /part 

Total 109 019,39 € /part 

As referred before, the company wants to 

compare the cost of buy the part with the 

cost of produce the part through AM, and the 

data obtained it was loaded in the worksheet 

referred to AM and the values obtained are 

presented in the Table 6.Figure 6 

Table 6 - Costs per part considering production 
through AM 

Costs Value 

Labour Costs 1,35 € /part 

Equipment Costs 14 166,60 € /part 

Production Costs 12 695,41 € /part 

Non-Production Costs 108 000,00 € /part 

Logistic Costs 2 267,07 € /part 

Waste Treatment Costs 12,86 € /part 

Total 137 143,28 € /part 

The analyse of the obtained values, allow to 

conclude that buy the part is economically 

more advantageous than produce the part. 

The sensibility analyses it was performed 

and as expected the annual number of parts 

does not have impact in the price per part, 

when bought. Considering the cost per part 

produced internally in the company through 

AM, it is possible to conclude that the cost 

tends to be smaller with the increase of the 

number of parts, but it is never smaller than 
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buy the part, at least until the number of 100 

parts per year.  

Company X also wants to analyse the feasi-

bility of production through HM, so the data 

it was loaded to the excel file and the under-

taken conclusions are presented in the Table 

7. 

Table 7 - Cost per part considering production 
through HM 

Costs Value 

Labour Costs 227,40 € /part 

Equipment Costs 82 245,25 € /part 

Production Costs 13 057,51 € /part 

Non-Production Costs 0,00 € /part 

Logistic Costs 2 126,31 € /part 

Waste Treatment Costs 14,44 € /part 

Total 97 670,92 € /part 

Through the analysis of the values obtained 

it is possible to conclude that production 

through HM is the more advantageous to 

company X.  

6 Conclusions 

Spare parts are characterized by the neces-

sity of high service levels, in order to fulfil the 

demand although the high variability and 

lead-times criticality. Therefore, the imple-

mentation of new production technologies 

emerges as an alternative to traditional tech-

nologies of production.  

Different studies have been realized in order 

to study the implementation costs of new 

technologies of production, but, due to the 

lack of exhaustivity of them this study had 

been performed. This dissertation emerges 

from the necessity of create an ample cost 

model able to compare different technolo-

gies of production, considering the whole 

production process of each part.  

Along the development of the model and the 

Excel tool the interaction with companies X 

and Y it was crucial in order to them to be 

adapted and aligned with companies’ neces-

sities.  

The analyse of the data given by the compa-

nies allow to conclude not only which tech-

nology is more economic but also that the 

number of parts needed annually could have 

a high impact in the technology to choose.  
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