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Abstract 
 

The aerospace industry is growing due to the high demand for aircraft production. The main industry 

players, are becoming aware of the supply chain impacts in their competitive position, and they are 
using composites materials to reduce components’ weight, improve manufacturing times and save 

costs. 

 

Embraer is one of the four main OEM’s and therefore it is continuously improving its processes to be 

competitive against the other companies. An efficient management of sustainable supply chain requires 

decision support tools to evaluate sustainability, with the integrated approach of the Triple Bottom Line 

(3BL). 

 
The present dissertation starts by contextualizing the aerospace industry followed by the aerospace 

market and problem characterization. A literature review is made, focusing on relevant subjects to 

support the development of the evaluation of sustainable supply chains. Furthermore, the methodology 

used to conduct the case study research is introduced. Finally, the scenarios are defined based on the 

data collection followed by an economic and environmental analysis.  The scenario with the best trade-

off between higher profit, lower risk and lower environmental impact was S2.4 which corresponds to the 

Hot Stamping Thermoforming process. 
 

Keywords: sustainability, supply chain, aerospace, aeronautics, Embraer 
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Resumo 
 

A indústria aeroespacial está a crescer devido à elevada procura de aeronaves. Os principais 

participantes do setor estão a ganhar consciência dos impactos da cadeia de abastecimento na sua 
posição competitiva, e estão a recorrer a materiais compósitos para reduzir o peso dos componentes, 

melhorar os tempos de produção e economizar custos. 

 

A Embraer é um dos quatro principais OEM’s e, portanto, está continuamente a melhorar os seus 

processos para ser competitiva em relação às outras empresas. Uma gestão eficiente de cadeias de 

abastecimento sustentáveis requer ferramentas de apoio à decisão para avaliar a sustentabilidade 

recorrendo à abordagem integrada do 3BL. 

 
A presente dissertação começa por contextualizar a indústria aeroespacial, seguida pela caracterização 

do mercado aeroespacial e do problema a ser tratado. É feita uma revisão de literatura, focando 

assuntos relevantes para apoiar o desenvolvimento da avaliação de cadeias de abastecimento 

sustentáveis. Seguidamente, é apresentada a metodologia utilizada para conduzir a pesquisa do caso 

de estudo. Por fim, os cenários são definidos com base na recolha de dados, e é apresentada uma 

análise económica e ambiental. O cenário com o melhor trade-off entre maior lucro, menor risco e 

menor impacto ambiental foi o S2.4 que corresponde ao processo de Termotransformação por 
prensagem a quente. 

 

Palavras-chave: sustentabilidade, cadeia de abastecimento, aeroespacial, aeronáutica, Embraer 
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1. Introduction 

 

1.1 Problem Contextualization 
 

The Aerospace and Defense (A&D) industry serves two main markets as the name indicates and has 

become extremely competitive. Boeing, Airbus, Bombardier, Embraer and other entrants from China 

and Japan, are companies of this industry that face aggressive international competition against each 
other (Boeing, 2016). This industry is attractive due to its growing markets which increase capable new 

competitors and inspire existing challengers to do better (Boeing, 2016). Global economic and 

geopolitical tides are changing constantly, and the customers consistently demand more value for less 

money (Boeing, 2016). 

Since the global demand for aircraft is growing this industry is using composites to reduce weight, 

improve manufacturing times and save costs (Holmes, 2017). The composites industry is developing 

new products to meet these needs. Analysts are projecting a 33% growth in the global composite market 

of 43.5 million kg in the next five years for the A&D industry (Holmes, 2017).  
Associated with New Product Development (NPD) is the necessity to look for new processes to 

manufacture the new component. Embraer is part of this industry and therefore it is continuously 

improving its processes to be competitive against the other companies. In this context, the motivation 

for this dissertation emerges, where the sustainability of the supply chain of Embraer will be analysed 

by characterizing new sustainable supply chains for different alternatives, of both new processes and 

new materials, to produce a new component for commercial airplanes such as flaps, tails or wings.  

This dissertation is part of a larger project, Introduction of Advanced Materials Technologies (IAMAT) 
into new product development for the mobility industries, where the Massachusetts Institute of 

Technology (MIT) Portugal, Técnico Lisboa (Instituto Superior Técnico, IST), Faculty of Engineering of 

the University of Porto (Faculdade de Engenharia da Universidade do Porto, FEUP), the University of 

Minho (Universidade do Minho) and the Foundation for Science and Technology Portugal (Fundação 

para a Ciência e Tecnologia, FCT) all collaborate between them.  

There are five working packages (WP) and this work is part of the fourth one, WP4 - Supply Chains 

Towards Sustainability. This WP intends to define the framework and tools to evaluate and quantify the 

supply chains impacts of product design choices for Embraer Évora. This dissertation will evaluate the 
sustainability of the supply chain of Embraer Évora.  
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1.2 Objectives 
 

The main goal of this dissertation is to define a sustainable supply chain by characterizing and evaluating 
the current supply chain and proposing viable alternatives, when the manufacture processes change, 

accordingly with the processes that IAMAT is developing.  

 

There were several stages involved to achieve this main goal and they are: 

- Aerospace industry, Embraer and problem characterization; 

- Literature Review of sustainability concepts, supply chain concepts, supply chain in the 

aerospace sector and different research approaches; 

- Scenarios definition and data collection; 

- Economic and Environmental data evaluation to compare the scenarios. 

 

1.3 Methodology 
 

In this section, the methodology to achieve the objective of this dissertation is presented. Figure 1 
represents the 6 stages involved. 

 

 
Figure 1. Generic methodology for this dissertation. 

 
o The first stage presents the global market characterization and in detail Embraer’s relation with 

sustainability. The problem characterization should be clear. 

 

o In the second stage, a state of the art is made to provide relevant information about the 

sustainability concepts and the developments made in this area in the aerospace supply chain. 

It is also provided information to explain the choice for this dissertation of case study research. 

 
o In the third stage, the case study methodology used for this work is presented. 

 

o The fourth stage intends to provide the scenario definition and data collection for posterior 

evaluation. 

 

Problem 
Characterization State of the Art Case Study 

Methodology
Scenario 

Definition and 
Data Collection

Data Evaluation Conclusions
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o The fifth stage evaluates the data and compares the different scenarios. 

 

o In the sixth and last stage, it is identified the most sustainable scenario.  

 

1.4 Structure of the Dissertation 
 

The structure of this work is divided in 7 chapters: 

 

o Chapter 1 – Consists on the present chapter and presents the context in which the problem in 

study is inserted, as well as the methodology that will be adopted and the objectives that are 
supposed to be achieved. 

 

o Chapter 2 – Corresponds to the global aerospace market characterization, Embraer 

characterization and the problem characterization. 

 

o Chapter 3 – In this chapter a literature review is made about the subjects of interest to this 

dissertation. 

 
o Chapter 4 – Presents the methodology used to obtain the data. 

 

o Chapter 5 – This chapter defines the scenarios and the data collected to characterize them is 

provided. 

 

o Chapter 6 – In this chapter the data from chapter 5 is evaluated economically and 

environmentally to compare the scenarios.  

 
o Chapter 7 – In this chapter the dissertation main conclusions are presented as well as some 

considerations for future work. 

 
 
 

 

 
 

 

  



 4 

2. Contextualization 
 

In this chapter a market characterization of the aerospace sector will be first presented in section 2.1. 

In section 2.2 Embraer will be explained with further detail since the company is the case study of this 
dissertation. Section 2.2.1 summarizes the structure of the company, section 2.2.2 presents the supply 

chain of Embraer and section 2.2.3 contains the pillars of sustainability practiced by Embraer. In section 

2.4 the characterization of the problem is made, and this chapter ends with some conclusions in section 

2.5. 
 

2.1 Market Characterization  
 

The Aerospace and Defense (A&D) industry serves two main markets: Aerospace which is referent to 

the production, sale and service of commercial aircraft, and Defense which is related to military weapons 

and systems designed to operate on land, sea and air. In this industry, it is also included the production 

of general aircraft (mainly for business use) and space vehicles (mainly satellites), for both commercial 
and military use. The top 100 A&D companies, ordered by revenue in 2015, are available in Appendix 

A. 

 

The performance of the top 100 Aerospace and Defense (A&D) (ordered by revenue in 2015) companies 

is a barometer for the health of the industry. This industry reported lower revenues and sharply lower 

profits in 2015 compared with 2014, ending a run of five consecutive years of record revenue and 

operating profit (PwC, 2016). The strong United States Dollar (USD) (higher by nearly 20% against the 
Euro in 2015), is largely to blame for the decline in revenue, which decreased revenues of non United 

Sates (US) companies when translated to USD (PwC, 2016). Excluding translation impacts, revenue 

would have been higher by 2%. Impairments and restructuring charges mainly caused operating profit 

to decrease by US $7 000 million, primarily due to two companies: Bombardier reported lower profits by 

US $4 200 million, and United Technologies Corporation (UTC) reported lower profits by US $1 600 

million mainly due to various one-time Aerospace and Defense overview charges taken in the year 

(PwC, 2016). Aside from these two companies, aggregate industry profit was still lower by US $1 000 

million, or 1%, attributable largely to the stronger USD (PwC, 2016). Nevertheless, following five 
consecutive years of record results, the industry’s overall health remains strong (PwC, 2016). 

 

 

 
 

Figure 2. Key industry metrics (US $ 1 000 millions) (PwC, 2016). 



 5 

 

The top 100 A&D companies reported US $699 000 million in revenue and US $65 000 million in 

operating profit in 2015 (See Figure 2) (PwC, 2016). Revenue decreased by 2% compared with 2014, 

while operating profit decreased 9% from 2014 (PwC, 2016). Operating margin decreased by 70 basis 

points to 9.3%, falling below 10%, a number reached for the first time in 2014 (PwC, 2016). The 

decrease in operating margin was in part a result of the impairment and restructuring charges. (PwC, 

2016) 
 

Figure 3 compares the performance of the commercial aerospace and defense subsectors in 2015 and 

2014. 

 

 
Figure 3. Performance comparison of commercial aerospace and defense (2014 to 2015) (Deloitte, 

2016b). 

 

As it can be seen the commercial aerospace subsector represents approximately 47% of the revenues 

in 2014 and approximately 48% of the revenues in 2015 which is a relevant parcel of the market. The 

commercial aviation subsector will be explained with further detail since it is the one with more relevance 
to this dissertation. 

 

Commercial aviation 
 

There are four main Original Equipment Manufacturers (OEM’s) that produce commercial aircrafts. 

Boeing, Airbus, Bombardier Aeroespace and Embraer are the main players and their respective position 

on the Top 100 A&D companies is 1, 2, 15 and 22 (PwC, 2016). 
 
Growth in commercial aviation slowed in 2015 (PwC, 2016). While underlying demand in revenue 

passenger miles remained robust at 6.5% growth in 2015, new aircraft deliveries increased only 3% 

(PwC, 2016).  Nevertheless, near-term and long-term forecast for commercial aerospace is full of 

optimistic predictions for growth (PwC, 2016). Aviation will continue to grow faster than the overall 

economy because of its critical role in the global economic infrastructure, bolstered by economic growth 

in Asia, the Middle East, Eastern Europe, and Latin America (PwC, 2016). 

 

The sector is enjoying its longest and most profitable growth cycle in history, and while the growth is 
flattening, there appear to be no signs of a decrease. Records are being set for many of the sector’s 
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measures (PwC, 2016). New equipment output has increased 35% over the past four years, and more 

production increases are likely expected (PwC, 2016). Aircraft orders remain strong, and book-to-bill is 

comfortably above 1:1, resulting in greater than 12,000 aircraft, more than nine years of production at 

current rates (PwC, 2016).  

 

The long-term forecast for commercial OEM aircraft is about 38,000 deliveries over the next 20 years, 

at a value of approximately US $5.6 trillion (PwC, 2016). Significant efficiency improvements in new 
planes have accelerated demand for replacement aircraft, but low fuel prices could, on the other hand, 

negatively impact that demand (PwC, 2016). Market growth accounts for about 60% of deliveries; the 

remaining 40% is estimated to come from replacement aircraft (PwC, 2016). However, the backlog at 

risk from lower oil prices may be closer to 20% of forecasted demand because of the need to replace 

large numbers of aging aircraft (PwC, 2016). Furthermore, oil has been at depressed prices for less 

than two years, and many believe current prices may not be sustainable because of the severe reduction 

of investment in oil infrastructure (PwC, 2016). With long-term demand at 1,900 aircraft per year, and 

current production rates at 1,400 per year, the industry could potentially support an additional 35% 
growth in OEM production, providing a considerable cushion for any softening in demand (PwC, 2016).  

 

Figure 4 illustrates sales order and production history of commercial aircraft from 1981 through 2015, 

showing a 228.7 percent increase in production between 1981 and 2015 (Deloitte, 2016a). Using a 

seven-year moving average, production levels over the last 20 years have increased 104.9 percent 

since 1995 (Deloitte, 2016a). Over the next decade by 2025, commercial aircraft annual production 

levels are anticipated to increase an estimated 26.6 percent (Deloitte, 2016a). With such growth 

expected, there are two significant trends and challenges to consider—the entrance of new global 
competitors to the existing duopoly and the impact on the supply chain (Deloitte, 2016a). 

 

 

 

 
Figure 4. History and forecast for large commercial aircraft orders and production (1981 to 2020E) 

(Deloitte, 2016a). 
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Figure 5 shows aircraft production since 2009, as well as the estimated production volume by year 

over the next two decades, which illustrates the outstanding growth this subsector has achieved 

(Deloitte, 2016a). 

 

 
Figure 5. Aircraft deliveries (2009 to 2034E) (Deloitte, 2016a). 

 
 

A brief comparison of the 4 OEM’s main players’ performance in 2015 is made in the following Table 1. 

The values were taken from the results of the companies at the end of the fiscal year (31 December 

2015). 

 

Table 1.  Comparison between Boeing, Airbus, Bombardier Aerospace and Embraer (Airbus Group, 

2016; Boeing, 2016; Bombardier, 2016; Embraer Investor Relations, 2016; PwC, 2016) 
 Revenue 

(US $ 

millions) 

Operating 
Profit 

(US $ 

millions) 

Aircraft 
Backlog 

31/12/15 

(US $ 1 000 

millions) 

Net orders 
(units) 

Deliveries 
(units) 

Backlog 
31/12/15 

(units) 

1.Boeing 96114 7433 432 768 762 5795 

2. Airbus  

(at list price) 

71516 4534 1001 1080 635 6831 

15. 

Bombardier 

Aeroespace 

11188 5117 115 51 76 361 

22. 
Embraer 

5928 332 158 185 
 

101 513 
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Boeing delivered 762 aircraft and Airbus delivered 635 aircraft (PwC, 2016). The two companies’ net 

orders combined came to 1848, marking the end of four consecutive years of orders above 2000 (PwC, 

2016). The dollar value of Airbus’ backlog reached US $1 trillion (at list price), a new record (PwC, 

2016). The backlog of Boeing and Airbus of 12626 aircraft corresponds to nine years of production at 

current levels (PwC, 2016). Bombardier Aerospace and Embraer clearly have a smaller scale compared 

to these two, but their numbers are still impressive. Bombardier delivered 76 aircraft and Embraer 
delivered 101 and their respective backlog is of 361 aircraft and of 513 aircraft. 

 

Even though Embraer is not the major player, this dissertation focus on a case study of this company, 

since they intend to grow and improve. For that reason, Embraer will be described with further detail in 

the next section. 

 

2.2 Embraer 
 

2.2.1 Company 
 

Embraer is a 46 years old Brazilian company with global presence that designs, develops, manufactures 

and sells aircraft, systems and solutions for Commercial Aviation, Executive Aviation, and Defense & 
Security (Embraer, 2016). It also provides support and after-sales services for customers in more than 

100 countries (Embraer, 2016). It is the world’s largest manufacturer of commercial aircraft with up to 

130 seats, and one of the leaders in the aerospace sector – a position achieved thanks to the constant 

pursuit of entrepreneurial excellence and the complete satisfaction of its customers (Embraer, 2016). 

 

The headquarters are located in São José dos Campos (São Paulo, Brazil) (Embraer, 2016). In Brazil 

there are facilities and manufacturing plants in São José dos Campos, Botucatu and Gavião Peixoto, 

executive aviation service centers in Sorocaba, logistics centers in Taubatê and Campinas, offices in 
Brasília, São Paulo and Rio de Janeiro (Embraer, 2016). The engineering and technology centers are 

in Belo Horizonte (Brazil), in Florida (US) and in Évora (Portugal) (Embraer, 2016). Abroad, it has offices 

and facilities in the United States, Mexico, Portugal, France, Ireland, the United Kingdom, the 

Netherlands, the United Arab Emirates, Singapore and China (Embraer, 2016). Figure 6 shows a map 

with the location of these manufacturing plants. 
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Figure 6. Manufacturing plants (Embraer, 2016). 

 

 

In China the Company owns 51% of Harbin Embraer Aircraft Industry (HEAI) company in association 

with the Aviation Industry Corporation of China (AVIC) company (Embraer, 2016). In Portugal it owns 

65% of OGMA – a company with operations in the manufacture and maintenance of aero-structure 

(Embraer, 2016). 
 

In 2015 Embraer had more than 19 000 direct employees in Brazil and abroad (Embraer, 2016). The 

company delivered 241 aircraft, the highest number in five years (Embraer, 2016)).  

They earned US $4 070 million in exports, ranking as the fifth largest Brazilian exporter (Embraer, 2016). 

At the end of 2015, Embraer recorded US $5 920 million in net revenue and US $22 500 million in firm 

orders (Embraer, 2016). 

 

In Portugal Embraer has OGMA in Alverca, and two Centers of Excellence in the city of Évora, Embraer 
Metálicas and Embraer Compósitos (Embraer, 2011b). These two Centers manufacture complex 

airframe structures and components in their specific areas of expertise: metallic materials and 

composites materials for the military aircraft KC-390 and for the executive aircraft Legacy 500 (Embraer, 

2011b).  

 

2.2.2 Supply Chain  
 

Figure 7 is a general scheme of Embraer’s supply chain (SC). Embraer takes the role of systems 

integrator of the major systems with the suppliers on the upstream of the supply chain. They are 
responsible to provide all the components for the final assembly of the airplane. In the suppliers it is 

included subsidiary companies of Embraer Brazil that are independent economically of the main 

company which is the case of Embraer Évora. On the right side of Embraer there are the clients which 

are the airlines for the commercial aviation. When an airplane is completely assembled, it flies directly 
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to their client. The transportation of the parts before the final assembly are made by boat, train, truck or 

airplane. For the commercial aviation the final assembly is done at São José dos Campos. 

 

 

 
Figure 7. General scheme of Embraer’s supply chain. 

 

Suppliers 
 

Embraer separates its purchasing structure into direct supplies (components that are purchased directly 

for the production of the aircraft) and indirect supplies (services and materials to support all industrial, 

administrative and technical activities) (Embraer, 2016). For the management of this supply chain, 

technical skill, productive capacity, reliability, after-sales service, competitive pricing, environmental 
responsibility, financial health, risks, certifications, experience and logistics criteria are adopted 

(Embraer, 2016). In addition to these requirements, there are contractual clauses for 100% of partners 

that aim to ensure compliance with aspects of human rights, labour and environmental laws, besides 

avoiding impacts on society (Embraer, 2016). For these reasons, there were no identification of 

significant or potential negative impacts in labour practices in the supply chain during 2015 (Embraer, 

2016). 

 
The management of suppliers is monitored by a scorecard, a tool used to control the monthly indicators; 
a shared action plan, in which Embraer executives discuss strategic issues with contractors that could 

affect the operation; risk assessment, to monitor supply capacity, including on-site audits in suppliers’ 

plants (Embraer, 2016). In 2015, many of the trading partners were submitted to environmental impact 

assessment (Embraer, 2016). The process consists of applying a risk analysis questionnaire, which 

contains a specific section on environmental, health, safety and social rights requirements, with the 

analysis of nine aspects: finances, business, production, quality, after- sales, foreign trade, supply chain, 

engineering and environment (Embraer, 2016).  
 

Embraer also has tools to help with the training of its suppliers (Embraer, 2016). The Development of 

Aeronautics Chain Program (Programa de Desenvolvimento da Cadeia Aeronáutica, PDCA), 

implemented in partnership with the Brazilian Industrial Development Agency (Agência Brasileira de 

Desenvolvimento Industrial, ABDI), strengthens the chain and makes it more competitive, promoting 

sustainability in the aerospace supply chain (Embraer, 2016). Improving quality and productivity of 

suppliers allows not only for an increase in Embraer’s supply of parts and services, but also for other 

industries, with quality and efficiency (Embraer, 2016). 
 

Raw 
Materials 
Suppliers

Subassembly 
and parts 
Suppliers

Final 
assembly
Embraer

Clients
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PDCA runs on four pillars – service, costs, quality and waste disposal – by applying excellence models 

in quality, kaizen concepts, cell-based, productive development and strategic management (Embraer, 

2016). The framework is from National Quality Foundation (Fundação Nacional da Qualidade, FNQ) 

Management Excellence Model and was adapted to this segment (Embraer, 2016). 

 

Since the focus of this dissertation is about the new generation of E-Jets E2, the following Table 2 and 

Figure 8 present some of Embraer´s suppliers for this new family of commercial airplanes. 
 

Table 2. E-jets E2 Suppliers. 

Supplier Components 
Esterline Control Wheel; Column-by-Wire; Control Pedals 

Sirio Panel Cockpit Lighting 

EMTEQ External Lights 

Moog; Liebherr; Rockwell Collins Flight Controls 

Triumph Group Center Fuselage; Rear Fuselage; Rudder; 

Elevator; Insulation 

Liebherr Air Management Systems (AMS) 

Zodiac Aerospace Fuel System; Water & Waste; Pax Oxygen 

Honeywell Avionics 

Aernnova Vertical Tail; Horizontal Tail 

Facc Spoilers; Ailerons 

Ipeco Pilots Seats; Observer Seat; FA seats 

AvtechTyee Passenger Address and Cabin Interphone 
Systems (PACIS) 

B/E Aerospace Crew Oxygen 

Diehl Aerospace Cabin Management Systems; Cabin Lights; 

Emergency Battery; Passenger Service Unit 

RITEC Cockpit Printer 

Eaton Hydraulic Pumps 

Safran  E-bay Cooling Sensors; Fans Package; 

Recirculation Filter 

Latécoère Doors: Pax, Service & Over Wing Exit (OWE) 

Pratt & Whitney Powerplant; Auxiliary Power Units (APU) 

Crane Landing Gear (LG) Controls 

UTC Aerospace Systems Wheels & Brakes; APU Electrical System 

(Generation, Distribution, Emergency, Batteries 

and Converters) 
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Figure 8. E-jets E2 Suppliers (Embraer Investor Relations, 2014). 

 

Clients 
 

Embraer is focused in creating and innovating and that is present both in the aircraft and in the services 
and support they offer (Embraer, 2017b). Embraer wants their clients experience to be impeccable from 

start to finish so they want to serve their client’s necessities with the greatest efficiency possible 

(Embraer, 2017b). They provide smart and integrated services available 24 hours a day anywhere in 

the world to establish a relationship built on trust (Embraer, 2017b).  

 

Embraer is capable of offering support through a global service network for all types of technical and 

operational questions (Embraer, 2017b). From real-time monitoring and optimized maintenance to 

aircraft upgrades and flight safety training, they are committed to looking after the needs of operators 
and maximizing the efficiency, performance and profitability of their fleet (Embraer, 2017b). 

 
At the begin of this subchapter it was referred that the clients for the commercial aviation are the airlines. 

Figure 9 shows the logos of Embraer’s clients accordingly with their respective geographic location. 
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Figure 9. E-jets E2 Customers (Embraer Investor Relations, 2014). 

 
Figure 10 compares the percentage of E-jets customers of low cost carriers, network airlines and 

regional airlines at the top and at the bottom the firm orders and backlog by continents. 

 

 
Figure 10. E-jets Statistical Data (Embraer Investor Relations, 2014). 

 

Throughout the description of Embraer’s SC, sustainability has proven to be a focal point of the company 
and for that reason it will be addressed with further detail in the next section. 

 

2.2.3 Sustainability  
 

Sustainable management promotes good social practices and the use of natural resources and 

contributes to the profitability of the company (Embraer, 2011a). Embraer defends that the future of the 

world and the perpetuity of their business depends directly on the position they adopt towards society 

(Embraer, 2011a). “We build a sustainable future” is one of their corporate values and reflects the 
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commitment they have made to conduct their business by aligning economic objectives with 

socioenvironmental aspects (Embraer, 2011a). 

 

Sustainability management at Embraer is supported by two major processes: sustainability strategies 

and communications regarding sustainability (Embraer, 2011a).  

The sustainability strategies express the commitment in their values and their strategic planning 

(Embraer, 2011a). They come from the materiality matrix (See Figure 11), developed after consultations 
with stakeholders and the company leaderships (Embraer, 2011a). Communications around 

sustainability give transparency to the initiatives developed within the company and provide external 

recognition for these initiatives (Embraer, 2011a).  

 

 

 
Figure 11. Embraer Materiality Matrix (Embraer, 2016). 

 

Embraer aims to engage in debates with civil society and to contribute to the formation of public policies 
regarding subjects that are of interest to it, always in keeping with its compliance program and its code 

of ethics and conduct (Embraer, 2011a). Among the initiatives that Embraer is part of, some that stand 

out are: the Global Pact of the United Nations (UN); the Brazilian Greenhouse Gas (GHG) Protocol 

Program, which the company helped to found; the Carbon Disclosure Project (CDP); the Corporate 

Sustainability Index (Índice de Sustentabilidade Empresarial, ISE); and the Dow Jones Sustainability 

Index (DJSI) (Embraer, 2011a). 
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The Triple Bottom Line (3BL) pillars of Embraer – economic, environmental, and social will be presented 

below, and this concept will be explained with further detail in chapter 3. 

 

Economic 
 

Guided by their corporate values and strategic objectives, Embraer is focused on strengthening their 

global position by investing in the development of their people, improving their processes, increasing 
their competitiveness and solidifying the foundation for the Company’s long-term sustainable growth 

(Embraer, 2016). Throughout this effort, the search for management excellence and continuous 

technological development are central elements of their activities (Embraer, 2016). 

 
Embraer closed 2015 with higher revenue than in 2014 (Embraer, 2016). Whilst the Defense and 

Security segment contracted, the Commercial and Executive Aviation businesses expanded, boosting 

the Company’s consolidated figures (Embraer, 2016). The net revenue and the operating profit in the 

financial year can be seen in Table 1 (Embraer, 2016). Cash flow generation, as measured by profit 
before interest, depreciation and amortization (EBITDA) increased by 10% (Embraer, 2016). They 

fulfilled the aircraft deliveries expectations and recorded, in their portfolio, US$ 22 500 million in firm 

orders, backlog (Embraer, 2016). 

 

Embraer estimates a global demand for 6350 commercial jets in the 70-130 seat category during the 

next 20 years (Embraer, 2016). They have accumulated a total portfolio of 640 aircraft (including firm 

orders and commitments to buy) for the new generation of E-Jets, E175-E2, E190-E2 and E195-E2, 

which will arrive in the marketplace in 2018 (Embraer, 2016). They also estimate a global demand for 
more than 9,100 new business jets during the next 10 years (Embraer, 2016). 

 

They were included, by BM&FBOVESPA, in the 11th portfolio of the Corporate Sustainability Index and, 

for the sixth consecutive year, listed in the Dow Jones Sustainability Index (DJSI) on the New York Stock 

Exchange (Embraer, 2016). In DJSI, Embraer is a reference in the Aerospace and Defense sector in 

two economic dimension aspects: innovation management and supply chain management, in which 

they obtained the highest score among all the companies in the category (Embraer, 2016). 
 

Environmental  
 

Embraer is committed to offer safe and efficient products, developed from industrial processes that 

respect the environment (Embraer, 2011a).  

 

In June 2013, they launched the second generation of the E-Jet family, called E-Jets E2 and consisting 

of three new aircraft: E175-E2, E190-E2 and E195-E2 (Embraer, 2011a). The use of advanced 
technologies in the new jets’ engines, wings and avionics will lead to reduced fuel consumption, CO2 

emissions, noise and maintenance costs, at the same time as maximizing the operational efficiency of 
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airlines (Embraer, 2011a). The new cabin design will also provide an even more comfortable flying 

experience for passengers (Embraer, 2011a). The forecast is for the E190-E2 model to become 

operational in the first half of 2018 (Embraer, 2011a). 

 

Embraer develops its products using Design for Environment concepts and tools, an environmental 

management methodology that, based on safety, quality, performance and functionality criteria, reduces 

the negative impacts of a product on human health and the environment throughout its entire life cycle 
(Embraer, 2011a). 

 

In 2013, they launched, in partnership with the São Paulo State Foundation for Research Support 

(Fundação de Amparo à Pesquisa do Estado de São Paulo, FAPESP) and Boeing, the Flight Plan for 

Aviation Biofuels in Brazil, a document that points the way towards the development of a biofuels 

industry for the aerospace sector in the country (Embraer, 2011a). A multidisciplinary study is being 

coordinated by University of Campinas (Universidade Estadual de Campinas, UNICAMP) (Embraer, 

2011a). To date, research indicates that the biofuel resulting from the study will probably be of the drop-
in type which means that it may be added to the fossil fuel currently used all over the world (Embraer, 

2011a). 

 

In 2013, they inaugurated the Material Concept Lab, at the Eugênio de Melo unit, in the São José dos 

Campos region (Embraer, 2011a). The laboratory researches local innovative material, with sustainable 

characteristics that can be used in the construction of aircraft and in the automotive sector (Embraer, 

2011a). Among these materials of low environmental impact are metals, ceramics, polymers, textiles 

and composites (Embraer, 2011a). 
 

Social  
 

Embraer has developed through their institute of education and research, initiatives and projects 

intended to transform society through education, based on five pillars: a model of teaching excellence, 

community partnership programs entrepreneurial incentive programs, socioenvironmental programs 

and volunteer programs (Embraer, 2011a). 
 
The Embraer Education and Research Institute was founded in 2001, thus establishing the company’s 

structured process of private social investment (Embraer, 2011a). Their premise is that education is the 

grounds for achieving the full development of a society. Therefore, all the initiatives of the Embraer 

Institute are aimed at education (Embraer, 2011a). 

 
Juarez Wanderley Embraer High School, in São José dos Campos has a capacity for 600 students, and 

achieved impressive results in 2013: 100% of the students who concluded their studies were accepted 
into at least one university, 8th place in the ranking of the São Paulo State National High School Exam 
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(Exame Nacional do Ensino Médio, ENEM) and 27th place in the national ENEM ranking (Embraer, 

2011a). 

 

Casimiro Montenegro Filho Embraer High School, in Botucatu was inaugurated in 2013, with an 

investment of approximately BRL 5 million, and has a capacity for 360 students (Embraer, 2011a). The 

pedagogic project is the same as the Juarez Wanderley unit, which includes ten hours of daily classes 

focused on academic excellence, preparation for university and professional guidance and 
environmental and sociocultural education (Embraer, 2011a). 

 

Through its Scholarship Fund, Embraer helps ex-students from the Embraer high schools who study at 

universities far from the São José dos Campos region and who do not have the necessary resources to 

cover their accommodation and eating expenses (Embraer, 2011a). The company contributes 25% of 

the resources of the Fund, and the rest comes from partner companies, from around 800 employees 

who make voluntary donations, and from ex-scholarship holders who, after joining the labor market, 

start to contribute, repaying the amount they received throughout their courses (Embraer, 2011a). 
 

The Social Partnership Program (Programa Parceria Social, PPS) was launched in 2004, and it is based 

on the tripod of the Embraer Institute, social organizations and Embraer employee volunteers, and it 

chooses and sponsors the best projects that develop initiatives revolving around education (Embraer, 

2011a). The aim is to engage civil society in identifying and solving problems, as well as training non-

profit social organizations in conceiving and developing educational projects (Embraer, 2011a). 

 

In the regions around Embraer entrepreneurial projects are carried out in partnership with public schools 
and they aim to encourage the social, economic and professional development of young people 

(Embraer, 2011a). 

 

Embraer maintains a Stakeholder Engagement Policy with clear principles and guidelines that must be 

adopted for each engagement conducted by the Company, all over the world (Embraer, 2011a).  

 

It can be concluded that one of Embraer’s priority is the integration of the three pillars of sustainability 
in their corporate strategy. 

 

2.3 Problem Characterization 
 

This work is part of a bigger project, Introduction of Advanced Materials Technologies (IAMAT) into new 

product development for the mobility industries that cooperates with Embraer Évora. In Évora new 

investments were made to manufacture significant structures for the second generation of commercial 

E-Jets, E2 that should be on the market in 2018.  
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Associated with New Product Development (NPD) is the necessity to look for new materials, namely 

composites, and therefore the necessity to look for new processes to manufacture the new component. 

Since Embraer’s mission is to innovate and improve sustainability, the focus of this dissertation will be 

characterizing new sustainable supply chains for the different alternatives, of both new processes and 

new materials, to produce a new component for commercial airplanes such as flaps, tails or wings. 

 

There will be different scenarios for each of the new processes including materials orders from different 
companies, different countries and with different ways of transportation. The new supply chains will then 

be compared with the current one based on economic and environmental terms and conclusions will be 

made at the end.  

  

 

2.4 Chapter Conclusions 
 

The overall health of the A&D industry remains strong. The commercial aviation sector is in its most 

profitable growth cycle in history, and despite the growth is flattening, there are no signs of a decrease. 

The long-term forecast, for the next 20 years, for commercial OEM aircraft is about 38.000 deliveries. 

 
Out of the four main OEM’s, Embraer is the focus of this dissertation, and takes the fourth place in the 

Top 100 A&D. Nevertheless, Embraer shows higher deliveries and backlog than Bombardier in 

commercial aviation, thus taking the third position of the four OEM’s in commercial aviation. 

 

To conclude, different sustainable supply chains associated with the NPD of IAMAT will be characterized 

and compared based on economic and environmental factors and conclusions will be made at the end.  
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3. State of the Art 
 

This chapter presents the state of the art. In section 3.1 sustainability concepts are presented, as well 

as the 3BL concepts. In section 3.2 the concept of supply chain and the different kinds of supply chain 
are explained ending with the growing importance of SSC in section 3.2.1. Section 3.3 summarizes 

some studies about the supply chain in the aerospace sector. In section 3.4 five different research 

approaches in OM are briefly explained and in section 3.4.1 case study research methodology is 

explained with more detail once it will be the methodology employed in this dissertation. This chapter 

ends with conclusions in section 3.5. 

 

3.1 Sustainability 
 

3.1.1 Concepts and Definitions 
 

The Brundtland report in 1987 marked the start of modern sustainability introducing the need to 

incorporate the environmental and social dimensions into the traditional way to measure sustainability 
in supply chains (WCED, 1987). The concept of sustainability “refers to an integration of social, 

environmental, and economic responsibilities” (Carter and Rogers 2008, p. 361). 

 

The World Commission on Environment and Development (WCED) established one of the most cited 

definitions of Sustainable Development (Azapagic, 2003; Seuring and Müller, 2008a; Winkler, 2010) in 

the Brundtland report stating that sustainable development “meets the needs of the present without 

compromising the ability of future generations to meet their own needs” (WCED, 1987, p. 15). 

 
Employees, suppliers, community groups, governments, agencies and NGOs started to impose 

pressure forcing organizations to adopt new strategies in order to achieve sustainability both in the 

internal and external operations (Ciliberti et al., 2008; Halldórsson et al., 2009; Sarkis et al., 2012; 

Seuring and Müller, 2008a, 2008b).  

 

Sustainability is a very broad notion and still lacks clarity, leading to a lack of success in translating the 

theory into practice. This is mainly due to the fact that sustainability and sustainable development 
concepts are not clearly standardised and defined, there is a lack of standardisation on what to measure 

and how to measure sustainability in supply chains, there are conflicting points of view and interests 

imposing trade-offs between stakeholders, there are different values, ethical and cultural backgrounds, 

and different core activities and impacts (Azapagic and Perdan, 2000; Carter and Rogers, 2008; Clift, 

2003; Hutchins and Sutherland, 2008; Mota and Soares, 2013; Vachon and Mao, 2008).  

 

There are more than seventy listed sustainability definitions, beside a profuse quantity of frameworks, 

indicator sets, indexes and methodologies that exist in the literature meaning no systematic consistent 
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approach or framework has been adopted yet (Chee Tahir and Darton, 2010; Gallego Carrera and 

Mack, 2010; Krajnc and Glavič, 2005; Roca and Searcy, 2012).  

 

The scientific community is deeply committed to investigate sustainability and sustainable development 

issues due to the growing importance of these matters in business practices and the lack of consensus 

on what is the best approach to apply (Ageron et al., 2012; Dobers, 2009; Hassini et al., 

2012). Companies have also become more interested in sustainable practices since they are a possible 
source of value creation for customers, reputation building and revenue increase. Companies started to 

engage effective policies to ensure business sustainability and for that reason the World Business 

Council for Sustainable Development (WBCSD) was founded. WBCSD aims to “galvanize the global 

business community to create a sustainable future for business, society and the environment” (WBCSD, 

2012). These three elements were effectively attached and linked together to form the most generalised 

model of sustainable development (Azapagic and Perdan, 2000): The Triple Bottom Line.  

 

3.1.2 The Triple Bottom Line (3BL) 
 

John Elkington introduced The Triple Bottom Line (3BL) concept in 1994 (Elkington, 2004): “Triple 

Bottom Line accounting attempts to describe the social and environmental impact of an organization’s 

activities, in a measurable way, to its economic performance in order to show improvement or to make 

evaluation more in-depth” (Elkington, 1998). In 1995 Elkington attempted to clarify the pillars’ meaning 

by naming them in a novel way: Profit; Planet; People (Elkington, 2004). 

 

The major difference from the past models is that all three dimensions are evaluated in an equal way, 

so it quickly became a popular way to consider economic, environmental and social aspects in decision 
making (see Figure 12) (Beske, 2012). The biggest gain of the 3BL was its successful understanding 

and adoption by several global companies in the quest to demonstrate to their stakeholders the 

progresses over efficiency and sustainability in the long-term (Closs et al., 2010; Hassini et al., 2012).  

 

 
Figure 12. The Triple Bottom Line (Ruiz-Mercado et al., 2012).  

 

The economic, environmental, and social pillars will be explained with further detail. 
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“The economic dimension of sustainability concerns the organisation’s impacts on the economic 

conditions of its stakeholders and on the economic systems at local, national, and global levels” (Global 

Reporting Initiative, 2011, p. 25). Edum-Fotwe and Price (2009) state that traditionally only the economic 

dimension of sustainability is covered. Stamford and Azapagic (2011, p. 6042) argued that “in a 

competitive market, financial viability is a prerequisite”. Summarizing, the organisations’ survival relies 

on the ability to manage the “economic sustainability which can be interpreted as how companies stay 

in business” (Doane and MacGillivray, 2001, p. 15).  
 

“The environmental dimension of sustainability concerns an organization’s impacts on living and non-

living natural systems, including ecosystems, land, air, and water” (Global Reporting Initiative, 2011, p. 

27). There is a growing awareness of the significant impacts of the products on the environment, 

therefore stakeholders and government pressures forced businesses to rethink their environmental 

practices across their entire supply chains (Beske, 2012; Seuring, 2012; Winkler, 2010).  

 

“Social sustainability is a quality of societies. It signifies the nature-society relationships, mediated by 

work, as well as relationships within the society. Social sustainability is given, if work within a society 

and the related institutional arrangements:1) satisfy an extended set of human needs; 2) are shaped in 

a way that nature and its reproductive capabilities are preserved over a long period of time and the 

normative claims of social justice, human dignity and participation are fulfilled” (Littig and Griessler, 

2005, p. 72). This pillar takes into account a wide variety of subjects like education, potable water, food, 

equity, employment, business ethics, wealth, human rights, safety, stakeholder relationship, labour 

standards and social responsibility (Azapagic, 2003; Closs et al., 2010; Klassen and Vereecke, 2012; 

Sverdrup and Svensson, 2004; Vachon and Mao, 2008; Vallance et al., 2011).  
 

In theory the 3BL should be applicable having into consideration the three pillars and many authors 

have argued in favour of the equal treatment of the three dimensions in order to achieve what Sverdrup 

and Svensson (2004) called Integrated Sustainability (Ashby et al., 2012; Halldórsson et al., 2009; 

Kleine and Hauff, 2009; Spangenberg and Omann, 2006; Wittstruck and Teuteberg, 2012).  

 

In reality the 3BL in not applicable as a whole since companies and communities face four recurring 
problems: 1) lack of theory such as protocols, tools, indicators; 2) metrics to assess the pillars; 3) the 

methodologies and guidelines are not universally accepted (Clift, 2003; Meehan et al., 2006); 4) 

existence of trade-offs between the pillars and the stakeholder groups add to the problem (Heemskerk 

et al., 2002; Kruse et al., 2008; Stonebraker et al., 2009; You et al., 2012).  

 

In general, environmental issues have recently dominated the discussion and there is little research on 

integrating the three systems altogether (Ashby et al., 2012; Seuring and Müller, 2008a). Economic and 

environmental systems were frequently optimised together, leaving the social pillar in the background 
(Edum-Fotwe and Price, 2009; Hutchins and Sutherland, 2008). Some companies have the tendency 

to only run a sustainability analysis on one of the three systems, showing effectively a lack of 
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ability/awareness to integrate and inter-relate all of them (Edum-Fotwe and Price, 2009; Kruse et al., 

2008). As a matter of fact, some of the previous concepts of sustainability did not recognise the crucial 

importance of the interdependencies among the systems, thus presenting theoretical models with 

isolated pillars (Kleine and Hauff, 2009; Wittstruck and Teuteberg, 2012). This type of analysis is no 

longer satisfactory for the stakeholders, and organisations must make a serious effort to measure all 

the Bottom Lines.  

 

3.2 Supply Chain 
 

In the 1980’s the concepts of Supply Chain (SC) and Supply Chain Management (SCM) started to 
emerge and they have been evolving over the past decades as the markets and consumers’ 

requirements changed. The extended literature available on SC and SCM fails to provide a universal 

definition of these two concepts (Croom et al., 2000). Aitken (1998, p. 2) defines supply chain as a 

“network of connected and interdependent organisations mutually and co-operatively working together 

to control, manage and improve the flow of materials and information from suppliers to end users”. 

Beamon (1998, p. 281) defined similarly: “A supply chain may be defined as an integrated process 

wherein a number of various business entities (i.e., suppliers, manufacturers, distributors, and retailers) 

work together in an effort to: (1) acquire raw materials; (2) convert these raw materials into specified 

final products; and (3) deliver these final products to retailers. This chain is traditionally characterized 

by a forward flow of materials and a backward flow of information.” Christopher (2011, p. 3) defined 

SCM as the “the management of upstream and downstream relationships with suppliers and customers 

to deliver superior customer value at less cost to the supply chain as a whole.”  

 

The supply chain concept takes the perspective beyond the individual firm, and focuses on the 

coordination of something larger: a chain, network, and all the other crucial aspects and functions 

essential to the chain integration. It is the end customer who has the final power to appraise the success 
or failure of supply chains (Christopher and Towill, 2001). Therefore, the competitive advantages of the 

companies do not rely only on their own internal strengths, but also on their ability to achieve value 

added integration throughout the SC with customers and suppliers.  

 

A traditional supply chain is composed by two distinct business processes. One relates to the production 

planning and inventory control process which encompasses the inbound logistics, the manufacturing 

activities and the storage issues. The other one relates with the physical distribution and logistics 
processes, i.e., customer service and transportation activities aiming at managing the transportation 

services and delivery process (Beamon, 1998; Carvalho and Ramos, 2009; Min and Zhou, 2002; Tsiakis 

et al., 2001). A traditional supply chain may be defined as a set of companies operating individually 

where a forward flow of materials and products is created and a backward flow of information, orders 

and cash, is generated (see Figure 13) (Disney et al., 2003; Tsiakis et al., 2001; Vidal and Goetschalckx, 

1997).  
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Figure 13. The Traditional Supply Chain (Min and Zhou, 2002). 

 

The concepts of Green SC and Sustainable Supply Chain (SSC) appeared once the consumers and 

stakeholders started to value environmental issues and scarce resources. As a consequence, they 

started to pressure governments and companies to modify their operations (Seuring and Müller, 2008a; 
Srivastava, 2007; Wu and Dunn, 1995). Green SCM is defined by Srivastava (2007, p. 54,55) as 

“integrating environmental thinking into supply-chain management, including product design, material 

sourcing and selection, manufacturing processes, delivery of the final product to the consumers as well 

as end-of-life management of the product after its useful life”.  

 

Green SCM is a concerted strategy in the whole supply chain with the following common processes: 1) 

“Green design”: product design and conception; 2) “Green sourcing” and “Green purchasing”: better 
sourcing strategies and policies; 4) “Green manufacturing”: production and transformation stage; “Green 

marketing”: service level and channel decisions and 4) “Green logistics”: transportation, handling; 

warehousing, waste management, among others (Ageron et al., 2012; Barbosa-Póvoa, 2009; 

Srivastava, 2007; Wu and Dunn, 1995).  

Meeting economic and environmental stakeholder expectations were sine qua non, i.e., necessary but 

not sufficient to achieve sustainability in supply chains. Therefore a new concept named Sustainable 

Supply Chain Management (SSCM) appeared. The difference between Green SCM and SSCM is that 

SSCM includes Green SCM and it is a more general concept that embraces all three pillars from the 
3BL.  

 

3.2.1 Sustainable Supply Chain 
 

Seuring and Müller (2008a, p. 1700) defined SSCM as “the management of material, information and 

capital flows as well as cooperation among companies along the supply chain while taking goals from 

all three dimensions of sustainable development, i.e., economic, environmental and social, into account 

which are derived from customer and stakeholder requirements”. Wittstruck and Teuteberg (2012) 

afirmed that SSCM relied on the adoption and extension of the SCM principles and foundations. 
Therefore, it can be seen as a materialisation of sustainability philosophy and of the 3BL into SCs 

(Barbosa-Póvoa, 2009; Halldórsson et al., 2009; Pagell and Wu, 2009; Teuteberg and Wittstruck, 

2010).  
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Despite the fact that Pagell and Wu (2009) stated that no truly sustainable supply chain exists, SSCM 

issues have been increasingly studied alongside with its implications (Ageron et al., 2012; Seuring and 

Müller, 2008a; Winkler, 2010). As a matter of fact, for the past two decades researchers attempted to 

define and implement sustainability in supply chains fighting to integrate the basic concepts from the 

three sustainability systems (Ageron et al., 2012; Hassini et al., 2012; Seuring and Müller, 2008a).  

 

It is important to retain that from the literature there is not a single path to implement SSCM since in 
theory all SC activities from purchasing to end-customer delivery are susceptible to change in order to 

incorporate sustainability. Also Seuring and Müller (2008a) in a Delphi study found win-win situations 

between the three pillars to be more likely to occur than trade-offs, therefore the organisations should 

explore the best strategies to implement sustainability.  

 

3.3 Aerospace Supply Chain 
 

The purpose of this subchapter is to identify some of the studies made about the supply chain in the 

aerospace industry in the last few years.  

 

Starting in 2011, Luz and Salles-Filho (2011) focused on Embraer and therefore on the Brazilian 
aeronautics industry, to discuss whether a globally competitive high-tech firm is sustainable without 

being associated with a sufficiently dense sectoral innovation system. Another study was made by 

Rebolledo and Nollet (2011) and they used a knowledge-based perspective to identify and test the 

conditions enabling inter-firm learning in the aerospace supply chain focusing on buyers accessing 

knowledge form their suppliers. In the following year, Blokland et al. (2012) described indicators that 

measure value-leverage and illustrated that Large-Scale System Integrator (LSSI) companies in the 

aerospace industry have a value-leverage capability using these indicators. In addition, Gopalakrishnan 

et al. (2012) examined the drivers of sustainability and related key features based on extant literature 
and a case study of the British Aerospace Systems’. In 2013, success factors in human resource 

management during the transition process to Lean Production using case study research in the 

aeronautics industry were identified by Martínez-Jurado et al. (2013). Furthermore, by establishing  the 

interactions between aircraft (product) design and supply chain (process) design, Tang et al. (2013) 

introduced a strategic multi-product, multi-period design model for the manufacturing of an aircraft wing-

box with a planning horizon of the full program duration. Additionally, Hashemi et al. (2014) studied an 

integrated system of manufacturing and remanufacturing using a capacitated facility in the aerospace 
industry, where products are returned after certain flight hours or cycles for overhaul.  In 2016, Portolés 

et al. (2016) focused on qualification procedures for metal parts manufactured using new Additive 

Manufacturing (AM) techniques in the aerospace industry while Sabaghi et al. (2016) discussed different 

disassembly/dismantling strategies that have been done on a real Bombardier Regional Jet aircraft, 

assessing the sustainability influence of these strategies as an important parameter that should be 

considered to select the most suitable one. Finally, in 2017, Ruiz-Benitez et al. (2017) chose the 

aerospace sector to investigate the relationship and links between lean, green and resilient supply chain 
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practices and their impact on environmental performance. In addition Liu et al. (2017) analysed the 

characteristics of aerospace components favouring Additive Manufacturing (AM), discussed the 

different aerospace applications benefit from different AM processes and described the repair 

applications for aerospace components and Holmes (2017) stated that new materials to reduce weight 

and speed manufacturing processes, are being demanded by the aerospace industry and that 

composites are rising to the challenge. 

 
The following Table 3 summarizes the subjects studied by these authors. 

 

Table 3. Summary of subjects studied in the aerospace supply chains by author. 

Authors Year SC Lean 
Production 

SC 
Quality 

 

Economic 
Pillar 

Social 
Pillar 

Environmental 
Pillar 

Luz and Salles-

Filho 

2011 x   x x  

Rebolledo and 

Nollet  

2011 x  x    

Blokland et al. 2012 x   x   

Gopalakrishnan 

et al. 

2012 x   x x x 

Martínez-

Jurado et al. 

2013 x x   x  

Tang et al. 2013 x   x   

Hashemi et al.  2014 x    x  

Portolés et al. 2016 x      

Sabaghi et al. 2016 x   x x x 

Ruiz-Benitez et 

al. 

2017 x x    x 

Liu et al. 2017 x      

Holmes 2017 x x  x  x 

 

From Table 3 it can be stated that five studies include one sustainability pillar, two studies include two 
sustainability pillars, and two studies include all the three sustainability pillars. The supply chain and the 

three sustainability pillars are yet a subject that can be further researched, and this dissertation intends 

to add value to this topic. 

 

3.4 Research Approaches in Operations Management 
 

Operations are the way in which products, goods and services, are produced (Karlsson, 2009). It is 

considered a transformation activity: transforming resources convert inputs into outputs (Karlsson, 
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2009). Operations take place not only in manufacturing but also in sales, services, administrative 

processes, etc. (Karlsson, 2009).  

 

Operations Management (OM) is about the strategic part putting operations in the context of a business 

and developing the strategy for the operation (Karlsson, 2009). Financial, physical and human resources 

are needed to build a production system with resources to transform the inputs (Karlsson, 2009). 

Designing the production system involves organizing these resources in certain ways to give the 
production system desired characteristics (Karlsson, 2009). A management system controls and audits 

the transformation system and at the same time assesses and continuously improves it (Karlsson, 

2009). 

 

A supply chain is composed by a set of entities that cooperate between them, which leads to 

interconnected operations, and that is why OM is present in almost any function of a business or 

organization (Karlsson, 2009). The resources that are gathered, structured, processed and controlled 

can be human, material or information and they may appear in organizational units dealing with 
marketing, manufacturing, after sales service, financial control, etc. (Karlsson, 2009).  

 

In studies of operations management there is research on different issues conducted with different 

research approaches and with the perspectives from different disciplines (Karlsson, 2009). The more 

commonly used are surveys with questionnaires and interviews, single and multiple case studies, 

longitudinal field studies, action research and modelling and simulation (Karlsson, 2009). These five 

different research methodologies will be further addressed. 

 
Survey research contributes to the general body of knowledge in a particular area of interest (Forza, 

2002). In general, a survey involves the collection of information from individuals (through mailed 

questionnaires, telephone calls, personal interviews, etc.) about themselves or about the social units 

they belong to (Forza, 2002). The survey sampling process determines information about large 

populations with a known level of accuracy (Forza, 2002). 

Theory testing survey research in OM, the most demanding type of survey research, is a long process 

which presupposes the pre-existence of a theoretical model. It includes several sub-processes: the 
process of translating the theoretical domain into the empirical domain, the design and pilot testing 

processes, the process of collecting data for theory testing, the data analysis process and the process 

of interpreting the results and writing the report (Forza, 2002). 

 

Case research is the method that uses case studies as its basis (Voss et al., 2002). A case study is a 

history of a past or current phenomenon drawn from multiple sources of evidence, and can include data 

from direct observation and systematic interviewing as well as from public and private archives (Voss et 

al., 2002).  
Case research has consistently been one of the most powerful research methods in OM, specially in 

the development of new theory (Voss et al., 2002). However, there are many challenges in conducting 
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case research: it is time consuming, it needs skilled interviewers, care is needed in drawing 

generalizable conclusions from a limited set of cases and in ensuring rigorous research (Voss et al., 

2002). Case research is unconstrained by the rigid limits of questionnaires and models, so it can lead 

to new and creative insights, development of new theories and have high validity with practitioners (Voss 

et al., 2002). By conducting research in the field and being exposed to real problems, the creative 

insights of people at all levels of organisations, and the varied contexts of cases, the individual 

researcher will personally benefit from the process of conducting the research (Voss et al., 2002). 
 

Longitudinal field studies are in-depth studies of change processes inside organizations (Karlsson, 

2009). They are case studies with two distinguished features (Karlsson, 2009). First they imply studying 

a phenomenon over time, second they are real-time studies of an organizational phenomenon with the 

researcher being present in the organization often for longer periods of time (Karlsson, 2009). 

Longitudinal field studies are often used for building theories of change processes, since they enable 

the researcher to better observe cause and effect (Karlsson, 2009). OM does not contain many 

longitudinal field studies mainly because they require a significant time commitment and organizational 
access (Karlsson, 2009). 

 

Action research is an approach that does not distinguish between research and action so it addresses 

the theme of research in action (Coughlan and Coghlan, 2002). In comparison with other approaches 

to research it is an imprecise, uncertain and sometimes unstable activity (Coughlan and Coghlan, 2002). 

Action research is appropriate when the research question relates to describing an unfolding series of 

actions over time in a given group, community or organisation (Coughlan and Coghlan, 2002). Data is 

gathered with the community of practitioners who want to improve organisations and communities, to 
understand as a member of a group how and why their action can change or improve the working of 

some aspects of a system, and to understand the process of change or improvement in order to learn 

from it (Coughlan and Coghlan, 2002). Action research is a form of science, different from experimental 

physics, but with emphasis on careful observation and study of the effects of human behaviour on 

human systems as they manage change (Coughlan and Coghlan, 2002).  

 

Quantitative model, modelling and simulation, is a research approach that can be classified as a rational 
knowledge generation (Will et al.,2002). It is based on the assumption that is possible to build objective 

models that explain part of the behaviour of real-life operational processes or that can capture part of 

the decision-making problems that are faced by managers in real-life operational processes (Will et 

al.,2002). The relationships between the variables are described as causal, which means that it is 

explicitly recognized that a change of value in one variable will lead to a change of value in another 

variable (Will et al.,2002). The relationships are also quantitative which means that the extent to which 

the dependent variable change when a specified change in the independent variable occurs is 

quantitative (Will et al.,2002). A consequence of the relationships being causal and quantitative is that 
the models can be used to predict the future state of the modelled processes rather than be restricted 

to explaining the observations made. Within the model, all the claims are therefore unambiguous and 
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verifiable (Will et al.,2002). However, this is not valid for claims that belong to the world outside the 

model (Will et al.,2002). 

 

3.4.1 Case Research 
 

Since the problem of this dissertation is about a real case with real data from a company, Embraer 

Évora, the best methodology to use is case research. This methodology will be explained with further 

detail in this section. 

 
It is important that case research is conducted and published because it is not only good at investigating 

how and why questions, but also it is particularly suitable for developing new theory and ideas and can 

also be used for theory testing and refinement (Voss et al., 2002). It is also important that case research 

is conducted well, so that the results are both rigorous and relevant (Voss et al., 2002). Most of the 

research conducted in the field of operations management is based on rationalist research methods, 

primarily statistical survey analysis and mathematical modelling (Voss et al., 2002). However, the 

explanation of quantitative findings and the construction of theory based on those findings will ultimately 

have to be based on qualitative understanding, and that is the reason why case research is very 
important (Voss et al., 2002). 

 

When to use 
Case research uses case studies as its basis. A case study is a history of a past or current phenomenon 

drawn from multiple sources of evidence, and can include data from direct observation and systematic 

interviewing as well as from public and private archives (Voss et al., 2002). It is possible to use different 

cases from the same firm to study different issues, or to research the same issue in a variety of contexts 
in the same firm (Voss et al., 2002).  

 

Case studies can be used for different types of research purposes such as exploration, theory building, 

theory testing and theory extension/refinement (Voss et al., 2002). In the early stages of many research 

programmes, exploration is needed to develop research ideas and questions(Voss et al., 2002). Case 

studies are a prime source in theory building since a large and rich amount of primary data is needed 

(Voss et al., 2002). Despite being limited for theory testing, case study research has been used in order 

to test complicated issues such as strategy implementation and it is typically used and combined with 
different methods to study the same phenomenon, to avoid sharing the same weaknesses (Voss et al., 

2002). Case studies can also be used as a follow-up to survey based research in an attempt to examine 

more deeply and validate previous empirical results (Voss et al., 2002). 

 

The research framework, constructs and questions 
The starting point for case research is the research framework and questions. Case study research has 

been recognised as being particularly good for examining the how and why questions (Voss et al., 2002). 
A conceptual framework that underlies the research explains the main things that are to be studied - the 
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key factors, constructs or variables - and the presumed relationships amongst them (Voss et al., 2002). 

Building a conceptual framework will force the researcher to think carefully and selectively about the 

constructs and variables to be included in the study (Voss et al., 2002). 

The next vital step in designing a case research is the initial research question behind the proposed 

study (Voss et al., 2002). This may precede or follow directly from the conceptual framework (Voss et 

al., 2002). Even if at this stage the question(s) are tentative, it is important as well to have defined a 

focus at the start, to guide the collection of data (Voss et al., 2002).  
When conducting case-based research it is not uncommon for the research question to evolve over time 

and for the constructs to be modified, developed or abandoned during the course of the research (Voss 

et al., 2002). This can be a strength, as it can allow the development of more knowledge than if there 

were just a fixed research question (Voss et al., 2002).  

 

Choosing cases 
There is a wide set of choices in conducting case research. These include the choice of number and 

type of cases, case selection and sampling. Table 4 presents the advantages and disadvantages of the 
number and type of cases. 

 

Table 4. Choice of number and type of cases (Voss et al., 2002). 
Choice Advantages Disadvantages 
Single cases Greater depth Limits on the generalisability of 

conclusions drawn, biases such 

as misjudging the 

representativeness of a single 

event and exaggerating easily 
available data 

Multiple cases Augment external validity, help 

guard against observer bias 

More resource needed, less 

depth per case 

Retrospective cases Allow collection of data an 

historical events  

May be difficult to determine 

cause and effect, participants 

may not recall important events 

Longitudinal cases Overcome the problems of 

retrospective cases 

Have long elapsed time and 

thus may be difficult to do 

 

 
If multiple case studies are to be used for research, then a vital question is the case selection or sampling 

(Voss et al., 2002). Sampling involves two actions: the first is setting boundaries that define what it can 

be studied and connect directly to the research questions, the second is creating a sample frame to help 

uncover, confirm, or qualify the basic processes or constructs that underpin the study (Voss et al., 2002). 

Sampling plans are likely to evolve over a research project (Voss et al., 2002). There are a number of 

questions suggested to apply: Is it relevant to the conceptual frame and research questions? Will the 
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phenomena to be studied appear? Can they appear? Is it one that enhances generalisability? Is it 

feasible? Is it ethical in terms of informed consent, potential benefits and risks and relationships with 

informants? (Voss et al., 2002). 

  
Developing research instruments and protocols  
Typically the prime source of data in case research is structured interviews, often backed up by 

unstructured interviews and interactions (Voss et al., 2002). Other sources of data can include personal 
observation, informal conversations, attendance at meetings and events, surveys administered within 

the organisation, collection of objective data and review of archival sources (Voss et al., 2002). The 

reliability and validity of case research data will be enhanced by a well-designed research protocol (Voss 

et al., 2002). A protocol contains, but is more than, the research instrument(s) (Voss et al., 2002). It will 

also contain the procedures and the general rules that should be used in using the instrument(s), and 

indicate who or from where different sets of information are to be sought (Voss et al., 2002). 
 

Conducting the field research 
In researching case-based data, it is important to seek out the person(s) who are best informed about 

the data being researched (Voss et al., 2002). This person is often known as the principle informant 

(Voss et al., 2002). However this person may not be known and/or may not be the most appropriate 

prime contact (Voss et al., 2002). An ideal prime contact should be someone senior enough to be able 

to open doors where necessary, to know who best to interview to gather the data required and to provide 

senior support for the research being conducted (Voss et al., 2002). Gaining access is often a sequential 

process (Voss et al., 2002). The first step is writing to or calling a potential prime contact. Having gained 

agreement, the next step is to set up the research meetings. For simple research, this can usually be 
done with a letter outlining the areas that are being investigated, the nature of the people that you would 

like to interview, and objective and/or archival data that you would like to collect (Voss et al., 2002). For 

more complex case research, set-up visits to the case organisation will probably be necessary (Voss et 

al., 2002).  

 

An underlying principle in collection of data in case research is triangulation, the use and combination 

of different methods to study the same phenomenon (Voss et al., 2002). Such methods can include 
interviews, questionnaires, direct observations, content analysis of documents, and archival research 

(Voss et al., 2002). Reliability of data will also be increased if multiple sources of data on the same 

phenomenon are used (Voss et al., 2002).  

 

Keeping additional field notes is an important part of field research, since they are a running commentary 

about what is happening in the research, involving both observation and analysis (Voss et al., 2002). 

One of the main advantages of case research is that it increases the chance of being able to determine 

the link between cause and effect (Voss et al., 2002). In the field the researcher should be looking for 
convergence of views and information about events and processes (Voss et al., 2002). It is not 

uncommon to find differing or incomplete views (Voss et al., 2002). In such cases, it is important to 
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challenge, to revisit the issue and to seek other sources of data to clarify the information (Voss et al., 

2002). In case research, there is often the temptation to do just one more case or just one more interview 

to test some of the emerging theory or to get greater insight into the research questions (Voss et al., 

2002). The time to stop is when there are enough cases and data to satisfactorily address the research 

questions (Voss et al., 2002). 

 

Reliability and validity in case research 
It is particularly important to pay attention to reliability and validity in case study research (Voss et al., 

2002). Reliability and validity have a number of dimensions. Construct validity is the extent to which we 

establish correct operational measures for the concepts being studied. Internal validity is the extent to 

which we can establish a causal relationship, whereby certain conditions are shown to lead to other 

conditions, as distinguished from spurious relationships (Voss et al., 2002). External validity is knowing 

whether a study's finding can be generalised beyond the immediate case study (Voss et al., 2002). 

Reliability is the extent to which a study's operations can be repeated, with the same results (Voss et 

al., 2002). 
 

Analysis 
Having developed detailed case descriptions the first step is to analyse the pattern of data within cases 

(Voss et al., 2002). A very useful and common starting point is to construct an array or display of the 

data (Voss et al., 2002). A display is a visual format that presents information systematically so that the 

user can draw valid conclusions (Voss et al., 2002). Displays can be simple arrays, but might also be 

event listings, critical incident charts, networks, time-ordered matrices, taxonomies, etc. (Voss et al., 

2002). The overall idea is to become intimately familiar with each case as a standalone entity, and to 
allow the unique patterns of each case to emerge before seeking to generalise across cases (Voss et 

al., 2002). This in turn gives the researcher the depth of understanding that is needed for cross-case 

analysis, which is essential for enhancing the generalisability of conclusions drawn from cases (Voss et 

al., 2002). Cross-case analysis should also seek to increase the internal validity of the findings (Voss et 

al., 2002). As argued before, the use of multiple data sources or triangulation leads to more reliable 

results (Voss et al., 2002).  

  
In most case research there will be some initial hypotheses, which can be directly tested using the case 

data, in particular with larger case sample sizes (Voss et al., 2002). When the data seem to support 

hypotheses, case research allows the researcher to go one step further and examine the underlying 

reasons in each case as to why things are happening (Voss et al., 2002).  

 

3.5 Chapter Conclusions 
 

In this chapter the sustainability concepts were presented including the 3BL, as well as the supply chain 

concepts.  Aerospace supply chain is yet a subject that can be studied with further detail. Many authors 

have looked into this, but few focused on the sustainability of the supply chain considering all the three 
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pillars of sustainability, which will be the focus of this work. Out of the five different research 

methodologies, case research is the most adequate methodology for this dissertation since it relies on 

obtaining real data from a real company. It is important to research all the data related to Embraer such 

as the means of transportation and their respective costs, the suppliers and their respective location, 

the material costs and the energy costs to characterize the sustainability of the supply chain. The current 

supply chain of Embraer will be compared with alternative viable scenarios for alternative composite 

processes. Having different processes means that the materials, the suppliers, the means of 
transportation and the costs are different for each possible scenario.  To characterize the different supply 

chains, it is important that the alternatives are in fact compatible with Embraer protocols, standards, 

policies and rules. This can only be done in cooperation with Embraer. 
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4. Methodology 
 

This chapter presents the methodology used for this work accordingly with the theory presented in the 

state of the art. The case study methodology employs the following steps.  
 

The research framework, constructs and questions 
 

The scope of this study involves the analysis of the direct material suppliers to one factory that 

assemblies the parts in the final aircraft. 

 

The main questions to be answered were:  

• What parts are currently being produced in composites and how? 

• Why are they producing the parts with a specific technology? 

• Are there other technologies that could be used to produce composite parts to improve the 

supply chain sustainability? 
 

The variables relevant for this work and to answer these questions were defined as the costs, the 

time, the materials, the technologies and the means of transportation. 

 
Choosing cases 
 
This work is part of Embraer’s project to grow and improve and once they are one of the four main 

players the case study chosen is about their company. The focus will be Embraer Évora, since they 
cooperate directly with IAMAT. 

 
Developing research instruments and protocols  
 

To obtain the data, emails, meetings, video conferences, phone calls are the most suitable way for this 

case study, with IAMAT’s members, Embraer Évora engineers and Embraer Évora’s material suppliers  

 
Conducting the field research 
 
When conducting the field research, many emails and meetings occurred. The most relevant events are 

presented in the following Table 5 ordered chronologically. 
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Table 5. Field research chronology 

Entity – Person/People Communication Date 
IST – Carlos Malarranha Email 12-10-2016 

IST – Carlos Malarranha Meeting IST Tagus Park 17-10-2016 

IAMAT – Carlos Malarranha, 

Tomás Abreu, Dinis Santos 

Meeting IST Tagus Park 24 -11-2017 

IAMAT – FEUP and IST 

Students 

Meeting IST Alameda 13-12-2016 

Embraer Évora – João Luís Email 20-12-2016 

IAMAT – WP4 Meeting IST Tagus Park 06-01-2017 

IAMAT – FEUP and IST 

Students 

Video conference 01-02-2017 

IAMAT – FEUP and IST 
Students 

Video conference 08-02-2017 

Embraer – Paulo Marchioto Email 14-03-2017 

Embraer – Ricardo Reis Email  18-03-2017 

IST – António Torres Marques Email 20-03-2017 

Embraer – Ricardo Reis Meeting Embraer Évora 10-04-2017 

IAMAT – WP4 Meeting FEUP 19-05-2017  

IST – Carlos Malarranha Email 07-06-2017 

Embraer Évora – João Luís Email 26-06-2017 

FEUP – Albertino Arteiro Email 29-06-2017 

Hexcel – Lara Solis Email 31-08-2017 

FEUP – Pedro Camanho Video conference 27-10-2017 

IST – Dinis Santos Dissertation defense  31-10-2017 

IST – Tomás Abreu Dissertation defense  20-11-2017 

IST – António Campos Meeting 04-12-2017 

Solvay – Patricia Moreno Email 07-12-2017 

IAMAT – Pedro Mimoso Phone call 28-12-2017 

IST – Andreia Santos Meeting IST Tagus Park 16-01-2018 

 

 
Reliability and validity in case research 
The reliability and validity were obtained through constant information exchange with the several people 

that are involved in IAMAT’s project. 

 
Analysis 
Finally, for the case study there was a project evaluation for the investment as well as a Life Cycle 

Assessment (LCA) for the environment. 
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5. Scenarios Definition and Data Collection 
 

This chapter characterizes Embraer Évora's supply chain in section 5.1. The scenarios to compare the 

sustainability of the multiple supply chains are defined later in section 5.2. The data to characterize the 
scenarios is presented accordingly to the different phases of the supply chain: suppliers in section 5.3, 

transportation in section5.4, production in section 5.5, distribution in section 5.6 and assembly factories 

in section 5.7. This chapter ends with conclusions in section 5.8. 

 

5.1 Supply Chain of Embraer Évora  
 

Nowadays, in the OEM, Embraer Évora, they produce tails of executive airplanes in composites. 

However, they want to start producing components for commercial airplanes such as flaps, tails or 

wings. The scheme of the supply chain of Embraer Évora considering that final component is targeted 

for executive airplanes is represented in Figure 14. Figure 15 it represents the case where the 

components are going to be incorporated in commercial airplanes. 
 

  

 
Figure 14. Supply Chain Embraer Évora Executive Aviation. 

 

 
Figure 15. Supply Chain Embraer Évora Commercial Aviation. 

 

 
The materials come from the supplier and are transported to Évora where the production occurs. The 

final composite part, the product (component), is distributed to Embraer in Florida (US) for the executive 

airplanes or to Embraer in São José dos Campos (São Paulo, Brazil) for the commercial airplanes, 

which integrate the component to produce the final aircraft. Once the aircraft is produced, it flees to the 

final client which are the jet companies for the executive airplanes and the airline companies for the 

commercial airplanes. However, the jet and airline companies won´t be assessed since the boundary 

for this work are the assembly factories.  

Suppliers Transportation
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Composites

Distribution
Embraer
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Jet Companies

Suppliers Transportation
Embraer 

Évora 
Composites

Distribution
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5.2 Scenarios Definition 
 

For the different manufacture processes, IAMAT is developing a demonstrator in composites, called 

test-bed, which is basically a plate with stringers integrated. This demonstrator is considered a fraction 

of bigger aerodynamic surfaces like flaps, tails or wings. Figure 16 is a model of this test-bed 
demonstrator. 

 

 
Figure  16. Test-bed demonstrator. 

 

 

The following Table 6 contains the dimensions of the test-bed. To simplify the test-bed thickness will be 

considered as the plate thickness of the test-bed. The height of the stringer will be considered negligible. 
 

Table 6. Test-bed dimensions. 
Width (mm) Length (mm) Thickness (mm) 

150 500 4 

 

There are four different manufacture processes: Pre-preg Autoclave Technology, Vacuum Assisted 

Resin Infusion (VARI), Vacuum Bag Only (VBO), Hot Stamping Thermoforming. A detail view of this 

processes can be seen respectively in Figure 17, 18, 19 e 20 with the respective resources, at the 

bottom, that are used to produce the part (operator, autoclave, oven, press, vacuum). This data was 
taken from Santos, D. dissertation (Santos, 2017). 

 

 
Figure 17. Pre-preg Autoclave Technology 
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Figure 18. VARI 

 

 
Figure 19. VBO 

 

 
Figure 20. Hot Stamping Thermoforming 

 
The Pre-preg Autoclave Technology in Figure 17 is presented as the current scenario at Embraer Évora, 

and is considered the most common technique in the aerospace industry to manufacture high precision 

and performance components. The process begins with the materials preparation, where different layers 

of the pre-preg are cut. The layers are then stacked, meaning they are laminated, and they are heated, 

cured and cooled through vacuum, and high temperatures and pressures. Once this process finishes, 

the component is released from the mold. 

 

The VARI process, in Figure 18, begins with the resin mixture in parallel with the cut and preparation of 
the fiber followed by compaction cycles and heat. After this the resin is infused in the fibers and the final 

product is heated, cured and cooled through vacuum and high temperatures. Once this process finishes, 

the component is released from the mold. 

 

The VBO process, in Figure 19, begins with the materials preparation, where different layers of the pre-

preg are cut, followed by compaction cycles. Later, the layers are laminated, and they are heated, cured, 

followed by another heat and cure and then they are cooled through vacuum and high temperatures. 

Finally the component is released from the mold. 
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The Hot Stamping Thermoforming process, in Figure 20, begins with the materials preparation, where 

different layers of the pre-preg are cut. The layers are then they are laminated, but here it is important 

to note that due to the need to align the layers in a precise and exact way, the time spent in this phase 

is quite superior than on the other processes. The material is then pre-heated and then transferred to a 

press, where it is heated and cooled. Finally, the component is released from the mold. 

 

Once the different manufacture processes were explained, the scenarios will now be defined. The 
difference of the primary scenarios is the aviation sector that the component is destined to. The 

difference of the secondary scenarios is the technology used for each process. The following Table 7 

generally characterizes the different scenarios considered in this dissertation. 

 

Table 7. Scenarios’ Characterization. 

Primary 
Scenario 

Secondary 
Scenario 

Sector Process 

S1 S1.1 Executive 

Pre-preg 

Autoclave 
Technology 

 S2.1 Commercial 

Pre-preg 

Autoclave 

Technology 

 

 

S2 

S2.2 Commercial VARI 

 S2.3 Commercial  VBO 

 S2.4 Commercial 
Hot Stamping 

Thermoforming 

 
S1.1 represents the current scenario at Embraer Évora, and the process used to produce the tails of 

executive airplanes is autoclave. S1.1 process is equal to S2.1 process, and the only difference between 

these scenarios is the aviation sector. The processes for S2.2, S2.3 and S2.4 use technology Out of 

Autoclave (OOA).  

 

From a strategic point of view, the conceptual purpose of the test-bed is to manufacture composite wings 

for commercial regional airplanes, since they are the most interesting aero structure to consider. Since 

the goal of this dissertation is to compare the sustainability of the supply chain of Embraer Évora of the 
different scenarios, to simplify, a reference panel with dimensions defined between a tail and wing panel 

dimensions of a commercial airplane will be considered. The reference panel can be seen as the junction 

of multiple test-beds, and the dimensions were defined accordingly with an email exchanged with one 

of Embraer’s engineers, Ricardo Reis, and can be seen in Table 8. Again, the reference panel thickness 

will be considered as the plate thickness of the test-bed. 



 39 

 

This reference panel represents a normalized perspective to compare the different possible supply 

chains. Therefore, all the scenarios have a similar basis of comparison. This reference panel represents 

a more realistic approach to analyse the different supply chains due to the fact that the dimensions are 

of the same order of magnitude of wings or tail panels of real aircrafts.  

 

Table 8. Reference panel dimensions. 
Width (m) Length (m) Thickness (mm) 

5 18 4 

 

Table 9. Test-bed and reference panel comparison. 
Plate area test-bed  

(m2) 
Plate area reference panel 

(m2) 
Number of test-beds 

necessary to produce a 
reference panel 

0.075 90 1200 

 

Table 9 represents the plate areas of both the test-bed and the reference panel as well as the number 

of test-beds that are required to produce a reference panel. 

 
The following sub chapters contain the information obtained for the different scenarios and are divided 

accordingly with the different phases of the supply chain to produce one reference panel: suppliers, 

transportation, production, distribution and final client.  

 

Some of the information required to analyse the supply chain of Embraer Évora could not be obtained 

because it is considered competitive information (confidential) of the company, therefore assumptions 

had to be made to complete the data missing, which will be noted along the dissertation. 

 

5.3 Suppliers 
 
For the scenarios in Table 1, there are two suppliers of the composites materials, Hexcel and Solvay 

accordingly with the information given by Professor Pedro Camanho, the coordinator of this project.  

 

In Table 10, the suppliers, their respective location and materials are provided. Also a reference code 

is given for each material to simplify. It is important to note that S1 and S2.1 use the same material, and 

S2.2 requires two different materials to produce the same component as the other scenarios. 
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Table 10. Suppliers information and materials used for the different scenarios. 
Primary 
Scenario 

Secondary 
Scenario 

Supplier Location Material 
Reference 

S1 S1.1 Hexcel 
Dagneux, 

France 
HexPly M21 M1 

 S2.1 Hexcel 
Dagneux, 

France 
HexPly M21 M1 

 

S2.2 

Hexcel 
Dagneux, 

France 
Hitape AS7 M2 

S2 Hexcel 
Dagneux, 

France 

HexFlow 

RTM6-2 
M3 

 S2.3 Hexcel 
Dagneux, 

France 
HexPly M56 M4 

 S2.4 Solvay 
Anaheim, 

California 
APC-2-PEEK M5 

 

 

From IAMAT’s orders invoices and from emails exchanged directly with the suppliers, the quantity of 

material needed to manufacture a reference panel considering there is an additional waste during the 

manufacture of 30% for all the scenarios (Snudden et al., 2014), the minimum order of the material 
necessary to buy and the respective cost of the material necessary for each scenario are presented in 

Table 11.  

 

Table 11. Material quantity and cost to produce 1 reference panel for the different scenarios. 

Primary 
Scenario 

Secondary 
Scenario 

Material 
Reference 

Material 
Quantity 

Reference 
Panel (30% 

Waste) 

Material 
Quantity 
Minimum 

Buy 

Material 
Cost 
(USD) 

S1 S1.1 M1 739.4 kg 764.1 kg 107730 

 S2.1 M1 739.4 kg 764.1 kg 107730 

 
S2.2 

M2 485.9 kg 492.5 kg 203286 

S2 M3 218.2 kg 230.0 kg 15341 

 S2.3 M4 716.0 kg 728.6 kg 191025 

 S2.4 M5 617.8 kg 624.0 kg 150478 

 

The methodology to calculate the values on Table 6 was the same for S1.1, S2.1 and S2.3. The ply 

thickness was obtained from the data sheet of M1 (Hexcel, 2015) for S1.1 and S2.1 and from the data 

sheet of M4 (Hexcel, 2017b) for S2.3. From IAMAT’s invoice of M1 and M4, the units of a standard roll 

and the price of the material accordingly with the number of rolls ordered was taken. From the ply 
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thickness the layers necessary to obtain the thickness of the reference panel were calculated. The 

number of layers was used to calculate the area of material needed for the reference panel. To this 

area, the waste considered was added and the number of rolls of the material needed (it was considered 

that a fraction of a roll is considered an entire roll) was obtained and then the material cost was 

calculated based on the number of rolls required. These calculations can be seen in Appendix B. 

 

For the scenario S2.2 from the recommendation of the supplier, the volume fractions of both M2 and 
M3 were assumed to be included in the following calculations: 

 

For M2 the thickness was taken from its respective product data (Hexcel, 2017a) and from IAMAT´s 

invoice the price of the material accordingly with the number of rolls ordered was obtained. The number 

of layers was calculated based on the volume fraction of this material and was used to calculate the 

area of material needed for the reference panel. To this area, the waste considered was added and the 

number of rolls of the material needed (it was considered that a fraction of a roll is considered an entire 

roll) was obtained and then the material cost was calculated based on the number of rolls required. 
These calculations can be seen in Appendix B. 

 

For M3 the density was taken from its respective product data (Hexcel, 2014) and from IAMAT´s invoice 

the price of the material accordingly with the number of rolls ordered was obtained. The weight of the 

material needed for the reference panel was calculated based on the volume fraction of this material 

and on its respective density. To this weight, the waste considered was added and the number of rolls 

of the material needed (it was considered that a fraction of a roll is considered an entire roll) was obtained 

and then the material cost was calculated based on the number of rolls required. These calculations can 
be seen in Appendix B. 

 

For the scenario S2.4, the density of the material was extracted from the data sheet of M5 (Solvay, 

2017). From IAMAT’s invoice of M5, the price per kilogram of this material was extracted and from 

emails exchanged with the supplier the units of a standard roll. From M5’s density and the volume of 

the reference panel, the weight of material needed was calculated. To this weight, the waste considered 

was added and the number of rolls of the material needed (it was considered that a fraction of a roll is 
considered an entire roll) was obtained and then the material cost was calculated based on the number 

of rolls required. These calculations can be seen in Appendix B. 

 

There were some assumptions made for the calculations on Table 6, which are important to note:  

 

- The properties of the materials, thickness and density, were considered the same before and 

after the manufacture process to simplify the calculations, therefore the weight of the materials 

needed to produce the reference panel will be the same after being processed. 

- The material quantity needed to produce a reference pane is considering waste during 

manufacture. 
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- The material that is bought in excess might be used for other components, but it is more realistic 

to consider the cost for the entire roll even if only a fraction is needed than considering buying 

fractions of a roll, which is not possible. 

 

5.4 Transportation 
 

The materials need to be transported from the suppliers to Embraer Évora. Some of the materials, due 
to their properties, need to be transported with controlled temperature. The transports currently used for 

each material and whether or not it is used refrigerated transport can be seen in Table 12 which was 

obtained from IAMAT’s orders invoices and from emails exchanged directly with the suppliers. 

 

Table 12. Material transport temperatures. 
Primary 
Scenario 

Secondary 
Scenario 

Material 
Reference 

Transport 
Temperature  

Means of 
Transportation 

S1 S1.1 M1 -18°C Cold Truck 

 S2.1 M1 -18°C Cold Truck 

 
S2.2 

M2 Environmental Truck 

S2 M3 Environmental Truck 

 S2.3 M4 -18°C Cold Truck 

 S2.4 M5 Environmental 

Truck 

Boat 

Truck 

 
In Table 13 the pickup and drop-off points of the material can be seen as well as the travelled distance 

obtained through the fastest route of Google Maps (Google Maps, 2017) and by the portal Ports.com 

(2017) for the maritime route. 
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Table 13. Material transport travelled distance. 

Primary 
Scenario 

Secondary 
Scenario 

Material 
Reference 

Means of 
Transportation 

Pickup Drop-off 
Travelled 
Distance 

(Km) 

S1 S1.1 M1 Cold Truck 
Dagneux, 

France 

Évora, 

Portugal 
1655 

 S2.1 M1 Cold Truck 
Dagneux, 

France 

Évora, 

Portugal 
1655 

 

S2.2 

M2 Truck 
Dagneux, 

France 

Évora, 

Portugal 
1655 

S2 M3 Truck 
Dagneux, 

France 
Évora, 

Portugal 
1655 

 S2.3 M4 Cold Truck 
Dagneux, 

France 

Évora, 

Portugal 
1655 

 S2.4 M5 

Truck 
Anaheim, 

California 

Port of Long 

Beach, 

California 

52 

Boat 

Port of 

Long 

Beach, 
California 

Port of 

Sines, 

Portugal 

16583 

Truck 

Port of 

Sines, 

Portugal 

Évora, 

Portugal 
173 

 
Table 14. Material lead time and transport cost. 

Primary 
Scenario 

Secondary 
Scenario 

Material 
Reference 

Means of 
Transportation 

Lead Time 
(Weeks) 

Transport 
Cost (USD) 

S1 S1.1 M1 Cold Truck 16 1440 

 S2.1 M1 Cold Truck 16 1440 

 
S2.2 

M2 Truck 16 0 

S2 M3 Truck 16 0 

 S2.3 M4 Cold Truck 16 2242 

 S2.4 M5 

Truck  
18 

0 

Boat 0 

Truck 0 

 

 

In Table 14 there are the lead times (time between the order and the receiving) and the transport costs 

for each material.  
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The cost of the transport for M1, M2, M3 and M4 were obtained through IAMAT’s invoices of Hexcel 

materials. M2 and M3 are included in the free carrier composites distribution from Hexcel. For M5 the 

costs were provided by Solvay. It is important to note that M2, M3, and M5 are Free Carrier (FCA). 

 

Through the sales contact from Hexcel it is known that the lead time is 1 week if the product is on stock 

and between 8 to 16 weeks if it is not on stock. For this dissertation, it will be considered the lead time 
when the product is not on stock for M1, M2, M3 and M4. For M5 the lead time was taken from the 

Solvay invoice from IAMAT’s order, which is an indicative value and it is not contractual. 

 

For Hexcel transport cost, it is important to note that from IAMAT’s invoices there was the price per 

pallet for the refrigerated transport plus an extra fee for pallet for an electronic temperature recorder for 

-18°C. There are nine rolls per pallet, but the price is the same even if there is only one roll in the pallet. 

So, if the pallet is not full, it might be better for Embraer to fill the pallets and use the remaining material 

to produce another component even though for this analysis it is only being considered the amount 

needed to produce one reference panel. 

 

5.5 Product and Production 
 

When the materials arrive from the suppliers to Embraer Évora, the production processes start until the 

final product is complete.   

 
Test-bed 
 
Due to the fact that Embraer is not developing the alternative scenarios proposed in this dissertation, 

the data related to the processes duration and costs for each scenario were taken from (Santos, 2017). 

His data was taken from experimental laboratory tests for the production of one test-bed. A scale-up for 

the reference panel will be made further ahead. 

 

Table 15 represents the duration of the operators to prepare the materials, to prepare the machines and 

to finalize the part after leaving the machines, the machinery duration and the total production process 
duration for one test-bed. In appendix C, each scenario can be seen with more detail. 
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Table 15. Operator duration, machinery duration and total duration of entire process for one test-bed 

for each scenario. 
Primary 
Scenario 

Secondary 
Scenario 

Operator 
(Hours) 

Machinery 
(Hours) 

Total Duration 
(Hours) 

S1 S1.1 1.2 5.3 6.5 

 S2.1 1.2 5.3 6.5 

S2 S2.2 2.0 7.2 9.2 

 S2.3 1.3 7.9 9.3 

 S2.4 4.4 1.6 6.0 

 

 

Table 16 represents the power of each machine and the costs of each machine and operator per hour 

obtained in laboratory for the test-bed. 

 

Table 16. Power and cost per hour for one test-bed. 
Type Power (kW) USD/hour 

1 Operator - 29.5 

Autoclave 27 82.6 

Oven 4.8 23.6 

Press 3 106.2 

Vacuum 1 5.9 

 
Table 17 represents the cost of the operators to prepare the materials, to prepare the machines and to 

finalize the part after leaving the machines, the machinery power cost and the total production process 

cost for one test-bed. In appendix C, each scenario can be seen with more detail. 

 

Table 17. Operator cost, machinery cost and total cost of entire process for one test-bed for each 

scenario. 
Primary 
Scenario 

Secondary 
Scenario 

Operator 
(USD) 

Machinery 
(USD) 

Total Cost 
(USD) 

S1 S1.1 35.1 472.6 507.7 

 S2.1 35.1 472.6 507.7 

S2 S2.2 59.3 167.4 226.7 

 S2.3 39.5 214.1 253.6 

 S2.4 130.4 79.9 210.3 

 

Scale-up 
For the real size component production, a scale-up approximation was made.  

Research was made in scaling up laboratory to industry results but relevant information for aerospace 

composites industry could not be found. Also, the specifications for the machines used in aerospace 
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industry are not available online, since each customer has a custom-made machine according to their 

respective needs and therefore these parameters vary. Furthermore, when the suppliers were asked for 

more information by email, no response was provided.  

Therefore, a linear scale-up approximation was used, from data obtained from Embraer of one of the 

machines current in use at Évora, autoclave. This data can be seen in Table 18. 

 
Table 18. Autoclave investment, power and cure cycles. 

Investment (USD Million)  Power (kW) Cure cycles (Hours) 
2.36 (June 2012) 1200 12 

 

From this data, a scale-up ratio was calculated for the hours and for the machine power which can be 

seen in Table 19. From the autoclave cure cycles duration obtained in laboratory (Santos, 2017) and 

the cure cycles duration of the autoclave at Embraer Évora, the linear duration ratio was calculated. 

From the autoclave power obtained in laboratory (Santos, 2017) and the power of the autoclave at 

Embraer Évora, the linear power ratio was calculated.  

 

Table 19. Scale-up ratio for hours and machine power. 
Lab Industry Ratio 

2 hours 12 hours 6.00 

27 kW 1200 kW 44.44 

 

For the scale-up, three tertiary scenarios were added to each secondary scenario. In the first tertiary 

scenario, the time ratio is used for both the operator and the machine, so it considers 1 operator for the 

whole process. In the second tertiary scenario, the time ratio is used for both the operator and the 

machine, but it considers that 2 operators are necessary for the same duration as in the first one. Finally, 

in the third tertiary scenario, the time ratio is used for both the operator and the machine and it considers 

1 operator to control the line. The difference here is that the duration of the tasks done by the operator 
will be fractioned to 30% manual labour and 70% automation. The reason for this is that part of the 

manual labour that is required in laboratory is replaced by machines in an industrial environment. In 

appendix C, each scenario can be seen with more detail. 

 

Table 20 represents the duration of the tasks operators to prepare the materials, to prepare the 

machines and to finalize the part after leaving the machines, the machinery duration and the total 

production process duration for one reference panel. In this part 3 tertiary scenarios were added for 

each secondary scenario.  
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Table 20. Operator duration, machinery duration and total duration of entire process for one reference 

panel for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Operator 
(Hours) 

Machinery 
(Hours) 

Total 
Duration 
(Hours) 

S1 S1.1 

S1.1.1 7.1 32.0 39.2 

S1.1.2 7.1 32.0 39.2 

S1.1.3 2.1 37.0 39.2 

 

 

S2.1 

 

S2.1.1 7.1 32.0 39.2 

S2.1.2 7.1 32.0 39.2 

S2.1.3 2.1 37.0 39.2 

 

S2 
S2.2 

S2.2.1 12.1 43 55.0 

S2.2.2 12.1 43 55.0 

S2.2.3 3.6 51.4 55.0 

 S2.3 

S2.3.1 8.0 47.6 55.6 

S2.3.2 8.0 47.6 55.6 

S2.3.3 2.4 53.2 55.6 

 S2.4 

S2.4.1 26.5 9.6 36.1 

S2.4.2 26.5 9.6 36.1 

S2.4.3 8.0 28.2 36.1 

 

 

From the autoclave power ratio, the industry machines power was calculated. Dividing the laboratory 

values, found in Table 11, of the cost per hour of each machine and their respective power, a ratio was 

obtained, which was multiplied by the machine power obtained for industry to calculate the scale-up 

cost per hour for one reference panel. Also, the average power and cost per hour of all the machines 
was calculated for the third tertiary scenario where a fraction of the operator time transforms into 

automation time. These values can be seen in Table 21. 

 

Table 21. Costs per hour for one reference panel. 
Type Power (kW) Ratio 

kW/(USD/hour) 
USD/hour 

1 Operator - - 29.5 

2 Operators - - 59.0 

Autoclave 1200.0 3.06 3671.1 

Oven 213.3 4.92 1048.9 

Press 133.3 35.4 4720.0 

Vacuum 44.4 5.9 262.2 

Average Machine 397.8 - 2425.6 
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Table 22 represents the cost of the operators to prepare the materials, to prepare the machines and to 

finalize the part after leaving the machines, the machinery power cost and the total production process 

cost for one reference panel.  In this part, the 3 tertiary scenarios for each secondary scenario were also 

included. In appendix C, each scenario can be seen with more detail. 

 
Table 22. Operator cost, machinery cost and total cost of entire process for one reference panel for 

each scenario. 
 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Operator 
(USD) 

Machinery 
(USD) 

Total Cost 
(USD) 

S1 S1.1 

S1.1.1 210.6 126024.0 126234.6 

S1.1.2 421.3 126024.0 126445.3 

S1.1.3 63.2 138146.9 138210.1 

 

 

S2.1 

 

S2.1.1 210.6 126024.0 126234.6 

S2.1.2 421.3 126024.0 126445.3 

S2.1.3 63.2 138146.9 138210.1 

 

S2 
S2.2 

S2.2.1 355.8 44635.5 44991.2 

S2.2.2 711.5 44635.5 45347.0 

S2.2.3 106.7 65112.0 65218.7 

 S2.3 

S2.3.1 237.2 57096.3 57333.4 

S2.3.2 474.4 57096.3 57570.6 

S2.3.3 71.2 70747.3 70818.4 

 S2.4 

S2.4.1 782.3 21302.9 22085.3 

S2.4.2 1564.7 21302.9 22867.6 

S2.4.3 234.7 66330.9 66565.6 

 

 

After this it was calculated internal cost for the production of the reference panel for each different 

scenario which can be seen in Table 23. The total internal cost is the sum of the material cost, plus the 

material transport cost, plus the production cost. In this work, it will be assumed that Embraer Évora 

sells to Embraer Brazil at the internal cost price plus a percentage of 12% since it is the gross profit 

margin of low specialized markets. The sale price for one reference panel for each scenario can be seen 
in Table 24. 
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Table 23. Total internal cost of one reference panel after production for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Total 
Internal 

Cost 
(USD) 

S1 S1.1 

S1.1.1 235404.6 

S1.1.2 235615.3 

S1.1.3 247380.1 

 

 

S2.1 

 

S2.1.1 235404.6 

S2.1.2 235615.3 

S2.1.3 247380.1 

 

S2 
S2.2 

S2.2.1 263618.2 

S2.2.2 263974.0 

S2.2.3 283845.7 

 S2.3 

S2.3.1 250600.4 

S2.3.2 250837.6 

S2.3.3 264085.4 

 S2.4 

S2.4.1 172563.3 

S2.4.2 173345.6 

S2.4.3 217043.6 

 

Table 24. Sale price of one reference panel for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Sale Price 
(USD) 

S1 S1.1 

S1.1.1 263653.2 

S1.1.2 263889.1 

S1.1.3 277065.7 

 

 

S2.1 

 

S2.1.1 263653.2 

S2.1.2 263889.1 

S2.1.3 277065.7 

 

S2 
S2.2 

S2.2.1 29525.4 

S2.2.2 295650.9 

S2.2.3 317907.2 

 S2.3 

S2.3.1 280672.5 

S2.3.2 280938.1 

S2.3.3 295775.7 

 S2.4 

S2.4.1 193270.9 

S2.4.2 194147.1 

S2.4.3 243088.9 



 50 

The weights of the reference panel for each scenario at the end of the production processes were 

calculated based on the reference panel volume and materials density from the suppliers’ data sheets 

and are represented on Table 25. 

 

Table 25. Weight of one reference panel after production for each scenario. 
Primary 
Scenario 

Secondary 
Scenario 

Material 
Reference 

Weight (kg) 

S1 S1.1 M1 568.8 

 S2.1 M1 568.8 

S2 
S2.2 

M2 373.8 

 M3 167.8 

 S2.3 M4 550.8 

 S2.4 M5 475.2 

 

5.6 Distribution 
 

After the component is produced, it needs to be distributed to Embraer Florida (US) for S1 and Embraer 

São José dos Campos (Brazil) for S2. In Table 26 it can be seen, the pickup and drop-off points of the 

component, the travelled distance, the travelled duration and the transport cost accordingly with the 

different means of transportation. 

 

The travelled distances and times were obtained through the fastest route of Google Maps (Google 

Maps, 2017) and by the portal Ports.com (2017) for the maritime route. The costs were estimated by 
World Freight Rates (World Freight Rates, 2017). The highest costs were the ones considered. It is 

important to remark that these costs are subject to additional fees such as taxes, duties, etc. which in 

this work to simplify they won’t be considered since they are not linear to obtain and depend on a large 

number of factors. 
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Table 26. Reference panel travelled distance, travelled time and transport cost accordingly with the 

respective means of transportation. 

Primary 
Scenario 

Means of 
Transportation 

Pickup Drop-off 
Travelled 
Distance 

(km) 

Travelled 
Time 

Transport 
Cost 

(USD) 

S1 

Truck 
Évora, 

Portugal 

Port of 

Sines, 

Portugal 
172 2h  175 

Boat 
Port of 
Sines, 

Portugal 

Port 
Canaveral, 

US 

7929 18 days 71 

Truck 

Port 

Canaveral, 

US 

Melbourne, 

US 
43 1h  95 

S2 

Truck 
Évora, 

Portugal 

Port of 

Sines, 

Portugal 
172 2h 175 

Boat 

Port of 

Sines, 
Portugal 

Port of 

Itaguai, 
Brazil 

9785 22 days 72 

Truck 

Port of 

Itaguai, 

Brazil 

São José 

dos 

Campos, 

Brazil 

308 4h  174 

 

 

5.7 Assembly Factories 
 

Once the component is distributed it arrives at the centre of Embraer Florida (US) for S1 and at the 

centre of Embraer São José dos Campos (Brazil) for S2 where it will be integrated in the final aircraft. 

 
The final cost when the component arrives at the centre for the different scenarios is represented in 

Table 27. This cost is equal to the internal cost plus the distributing cost and represents the operational 

cost for the supply chain. 
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Table 27. Operational cost of one reference panel after arriving at the centre for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Total Cost 
(USD) 

S1 S1.1 

S1.1.1 235745.6 

S1.1.2 235956.3 

S1.1.3 247721.1 

 

 

S2.1 
 

S2.1.1 235825.6 

S2.1.2 236036.3 

S2.1.3 247801.1 

 

S2 
S2.2 

S2.2.1 264039.2 

S2.2.2 264395.0 

S2.2.3 284266.7 

 S2.3 

S2.3.1 251021.4 

S2.3.2 251258.6 

S2.3.3 264506.4 

 S2.4 

S2.4.1 172984.3 

S2.4.2 173766.6 

S2.4.3 217464.6 

 
The final duration when the component arrives at the final client for the different scenarios is represented 

in Table 28. This duration is equal to sum of all the durations involved in the supply chains of the different 

scenarios. 
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Table 28. Total duration of one reference panel after arriving at the final client for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Total 
Duration 
(Days) 

S1 S1.1 

S1.1.1 131.8 

S1.1.2 131.8 

S1.1.3 131.8 

 
 

S2.1 

 

S2.1.1 135.9 

S2.1.2 135.9 

S2.1.3 135.9 

 

S2 
S2.2 

S2.2.1 136.5 

S2.2.2 136.5 

S2.2.3 136.5 

 S2.3 

S2.3.1 136.6 

S2.3.2 136.6 

S2.3.3 136.6 

 S2.4 

S2.4.1 149.8 

S2.4.2 149.8 

S2.4.3 149.8 

 

5.8 Chapter Conclusions 
 
In this chapter, the scenarios were defined based on the data collection. Firstly, for the different 

scenarios, the respective supply chains were presented. After this, a reference panel was introduced in 

order to have a similar basis of comparison for all the scenarios. For the different scenarios, a summary 

of each manufacture process was presented, accordingly with the resources necessary. 

After this, the data for the different materials costs, quantities, lead times, means of transportation, was 

presented. The production costs and duration were scaled-up from the results obtained in laboratory to 

industry results. After this, the distribution cost and duration for the assembly factories was estimated 
thus leaving all the scenarios characterized for future evaluation. 
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6. Scenarios Evaluation 
 

This chapter evaluates the data collected in chapter 5 for all the scenarios. Section 6.1 is an economic 

evaluation and section 6.2 is an environmental evaluation. This chapter ends with conclusions in section 
6.3. 

 

6.1 Economic Evaluation 
 

For this part, a business project investment evaluation was made. It was necessary to obtain the Net 

Present Value (NPV), the Payback Period and the Internal Rate of Return (IRR) for each scenario. 

Firstly, a brief detail of this indicators will be explained. 

 

The NPV is given by Equation 1 

𝑁𝑃𝑉 =	∑ '()
(+,-))

/
012 ,                                                             (1) 

where CFt is the discounted Cash Flow (CF), r is the discount rate and n is the project life time. 

If NPV is positive the values generated by the project are higher than the initial investment and the 
project is profitable.  

 

The Payback Period is the time necessary for the discounted CF generated by the project to be equal 

to the initial capital investment and is given by equation 2: 

 

∑ '()
(+,-))

= 04567589	4:-;<=
012 ,                                                         (2) 

where CFt is the discounted Cash Flow (CF) and r is the discount rate. 

 

The IRR is the discount rate at which the NPV is equal to zero and it is obtained by solving Equation 3 
iteratively:  

∑ '()
(+,-))

= 0/
012 ,                                                                (3) 

where CFt is the discounted Cash Flow (CF), r is the discount rate and n is the project life time: 

 

 

The parameters for all the scenarios have their values represented in Table 29. The ones that are 

different for all the scenarios will be provided ahead.  

The project life time was considered the same as the machine life duration accordingly with António 

Alves Campos. The amortization period was obtained from Portugal Finance services for the laboratory 

machines and precision equipment (AT, 2015) and was considered linear. The commercial value was 
obtained from António Alves Campos. The value of the taxes was defined as the aggregate effective 

tax rate for aerospace and defense in Europe (Damodaran, 2018). The accounting value is considered 

null since the machine investment is amortized during the project lifetime. The residual value was null 

since both the commercial and accounting values are null. From Figure 4 the commercial aircraft annual 
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production is predicted to increase 26.6% in 10 years and therefore a linear approximation was used to 

calculate the sales and cost increase per year, which was considered the same for both cases. Finally, 

the discount rate considered was the Weighted Average Cost of Capital (WACC) for Portugal automobile 

and parts since the WACC of Portugal aerospace sector wasn´t available (WACC, 2018). 

 

 

Table 29. Variables and values for economic evaluation. 
Variable Value 

Machine investment - 

Project lifetime 15 years 

Amortization period 15 years 

Commercial value 0 USD 

Taxes 21.49% 

Accounting value 0 USD 

Residual Value 0 USD 

First year number parts produced  - 

First year sales - 

Sales increase per year 2.66% 

First year operational costs - 

Costs increase per year 2.66% 

Amortization value - 

Earnings Before Interest and Taxes (EBIT) - 

Cash Flows (CF) - 

Discount rate - r 9.02% 

 

 

The machine investments are different for each scenario and therefore will be explained with more 
detail. 

The machines costs from laboratory were obtained from the recommendation of the Institute of Science 

and Innovation in Mechanical and Industrial Engineering (Instituto de Ciência e Inovação em Engenharia 

Industrial, INEGI), which is the laboratory responsible for testing the different manufacture processes 

for the test-bed. The costs are represented in Table 30. 

 

Table 30. Laboratory machine investment. 
Type Cost (USD) 

Autoclave 13 800 

Oven 2 500 

Press 6 100 

Vacuum 1 842 
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For the real size machine investments, a scale-up approximation was made. The costs for the machines 

used in aerospace industry are not available online, since each customer has a custom-made machine 

according to their respective needs and therefore the costs vary. Furthermore, when the suppliers were 

asked for more information by email, no response was provided.  

A linear approximation was used again, from data obtained from Embraer of one of the machines current 

in use at Évora, autoclave, since it is the only investment value known. 

 
From the laboratory autoclave investment and Embraer´s autoclave investment found in Table 18 a 

scale-up ratio was calculated and can be seen in Table 31. 

 

Table 31. Scale-up ratio for machine investments. 
Lab (USD) Industry (USD) Ratio 

13 800 2 360 000 171.01 

 

 

Using this scale-up ratio the following industry machine investments were obtained for the oven, press 

and vacuum machines. The average machine, represents the average investment of all the machines 
and the machine investment of all S.x.x.3 scenarios (S1.1.3, S2.1.3, S2.2.3, S2.3.3, S2.4.3). The 

industry machine investments can be seen in Table 32 and in Table 33 for each scenario. 

 

Table 32. Industry machine investment. 
Type Cost (USD) 

Autoclave - A 2 360 000 

Oven - O 427 537 

Press - P 1 043 189 

Vacuum - V 314 986 

Average Machine - M 1 036 428 
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Table 33. Industry machine investment for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Machines Machine 
Investment 

S1 S1.1 

S1.1.1 V+A 2 674 986 

S1.1.2 V+A 2 674 986 

S1.1.3 V+A+M 3 711 414 

 

 

S2.1 
 

S2.1.1 V+A 2 674 986 

S2.1.2 V+A 2 674 986 

S2.1.3 V+A+M 3 711 414 

 

S2 
S2.2 

S2.2.1 V+O 742 523 

S2.2.2 V+O 742 523 

S2.2.3 V+O+M 1 778 951 

 S2.3 

S2.3.1 V+O 742 523 

S2.3.2 V+O 742 523 

S2.3.3 V+O+M 1 778 951 

 S2.4 

S2.4.1 O+P 1 470 726 

S2.4.2 O+P 1 470 726 

S2.4.3 O+P+M 2 507 154 

 
In the first year the number of parts produced for each scenario was calculated considering the 

production duration for each scenario and that the factory is working 24 hours per day for 365 days. 

Therefore, it was considered the maximum capability of the factory to manufacture parts. It was assumed 

after this, since there is a learning curve, that the number of parts produced per year would increase at 

same rate as the costs and sales, since it is assumed that all the parts produced are sold. The number 

of reference panels produced in the first year can be seen in Table 34 for the different scenarios. 

 
Table 34. Number of reference panels produced in the first year for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

# Reference 
Panels 

S1 S1.1 223 

 S2.1 223 

S2 S2.2 159 

 S2.3 157 

 S2.4 242 

 

The descendant order of the scenarios for the number of parts produced per year is S2.4, S2.1/S2.2, 

S2.2, S2.3 and this can be seen as an efficiency measure. 
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The first-year sales and operational costs are represented in Table 35. They were calculated by 

multiplying the number of reference panels produced per year by the respective price and cost for each 

scenario that was provided in Table 24 and Table 27.  

 

Table 35. First year sales and operational cost for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

First year 
Sales 
(USD)  

First year 
Operational 
Cost (USD) 

S1 S1.1 

S1.1.1 58 794 661 52 571 276 

S1.1.2 58 847 268 52 618 246 

S1.1.3 61 785 658 55 241 809 

 

 

S2.1 

 

S2.1.1 58 794 661 52 589 116 

S2.1.2 58 847 268 52 636 086 

S2.1.3 61 785 658 55 259 649 

 

S2 
S2.2 

S2.2.1 46 945 136 41 982 239 

S2.2.2 47 008 492 42 038 807 

S2.2.3 50 547 249 45 198 412 

 S2.3 

S2.3.1 44 065 583 39 410 368 

S2.3.2 44 107 289 39 447 605 

S2.3.3 46 436 786 41 527 513 

 S2.4 

S2.4.1 46 771 550 41 862 195 

S2.4.2 46 983 596 42 051 521 

S2.4.3 58 827 511 52 626 445 

 

 

For this work only, the detailed variables and results from S1.1.1 will be shown in Figure 21, and for the 
other scenarios the data can be seen in Appendix D.  

 

 

Figure 21. S1.1.1 Economic evaluation values. 
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The following Figures 22, 23 and 24 compare the NPV’s, Payback Period and the IRR’s of all the 

scenarios. To simplify, the comparison will be made by scenarios category: first, second and third. The 

first category corresponds to all scenarios under S.x.x.1 (which means S1.1.1, S2.1.1, S2.2.1, S2.3.1, 

S2.4.1), the second category to all S.x.x.2 (S1.1.2, S2.1.2, S2.2.2, S2.3.2, S2.4.2) and the third category 

to all S.x.x.3 (S1.1.3, S2.1.3, S2.2.3, S2.3.3, S2.4.3). It is important to note that S1.1 and S2.1 are 

almost the same, except the aviation sector they serve. The assembly factory location is the only 
difference contemplated in this dissertation, therefore the differences of the results for these scenarios 

are minimum. 

 

 
Figure 22. NPV in Millions USD for all the scenarios. 

 
The qualitative results of the NPV accordingly with the first, second or third category are presented in 

Table 36. 

 

Table 36. Scenarios category NPV qualitative results organized in order from the highest to the 

lowest. 

First Second Third 
S1.1 S1.1 S1.1 

S2.1 S2.1 S2.1 

S2.2 S2.2 S2.4 

S2.4 S2.4 S2.2 

S2.3 S2.3 S2.3 
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For all the scenarios, the NPV is bigger than zero which means that the project is profitable, since the 

present value with the discount rate of the liquid cash flows is superior to the investment made at the 

beginning of the project. 

The first and second category are ordered in the same way. The difference to the third scenario category 

is S2.2 and S2.4. In the third scenario category, S2.4 is ranked before S2.2 due to the increase of the 

costs associated with the automation. Note that S2.4 is the laboratory scenario with more operator time. 

S1.1 and S2.1 are the scenarios with the highest NPV. Despite the fact that these scenarios have the 
highest machine investments, they are the ones with the highest sales and the second highest producer 

of components per year. As for S2.3 it is the scenario with the lowest NPV since it also the scenario with 

the lowest value of sales, and with the lowest number of parts produced per year. 

 

 
Figure 23. Payback Period in months for all the scenarios. 

 

The qualitative results of the Payback time accordingly with the first, second or third category are 
presented in Table 37. 

 

Table 37. Scenarios category Payback Time qualitative results organized in order from the highest to 

the lowest. 

First Second Third 
S2.1 S2.1 S2.1 

S1.1 S1.1 S1.1 

S2.4 S2.4 S2.4 

S2.3 S2.3 S2.3 

S2.2 S2.2 S2.2 
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The Payback Time is not a good indicator to measure a project’s profitability since it ignores what 

happens from the moment the investment is recovered. It is however an interesting risk measure since 

it allows to measure the time it takes for a project to recover the initial investment. The higher the time 

is, the bigger the risk is. 

All the categories are ordered in the same way. The scenario with the lowest Payback Time, therefore 

the one with lowest risk and with faster recovery is S2.2 since it has the lowest machine investment, the 

same as S2.3, but higher sales than S2.3. It is however ranked in the middle as for the NPV value. As 
for the scenarios with the highest risk and with lower recoveries, S2.1 and S1.1, the payback time is 

almost the same, and they correspond to the ones with the highest NPV since they have the highest 

machine investments and sales. However, all the scenarios present Payback Time inferior to one year 

which means they are all viable. 

  

 

 
Figure 24. IRR in percentage for all the scenarios. 

 

The qualitative results of the IRR accordingly with the first, second or third category are presented in 

Table 38. 

 

Table 38. Scenarios category IRR qualitative results organized in order from the highest to the lowest. 

First Second Third 
S2.2 S2.2 S2.2 

S2.3 S2.3 S2.3 

S2.4 S2.4 S2.4 

S1.1 S1.1 S1.1 

S2.1 S2.1 S2.1 
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For all the scenarios, IRR is bigger than the discount rate, which means that the project is profitable. 

Higher IRR corresponds to bigger return.  

All the categories are ordered in the same way. The scenario with the highest IRR is S2.2, and therefore 

the one with bigger return which corresponds also to the scenario with the lowest Payback Time, 

therefore with smaller risk and the NPV is ranked in the middle. The scenarios with the lowest IRR are 

S1.1 and S2.1, and they correspond to the ones with higher NPV and Payback Time since they are the 
ones with the highest sales and machine investment. 

 
The results for first and second category of the scenarios are quite similar since the only difference 

between them is the number of operators, which varies the sales minimally. The scenarios with more 

relevance to study are the third category since they correspond to the scenarios with more automation 

and less manual labor. So, these will be the scenarios compared with more detail. A sensitivity analysis 

was made for the discount rate, with a deviation of ± 50% of the considered value. There is an 

uncertainty associated with these parameter, and the purpose is to observe how the NPV varies with 

this change. Figure 25, 26, 27, 28 and 29 represent this analysis for S1.1.3, S2.1.3, S2.2.3, S2.3.3, 

S2.3.4 respectively. 

 

 
Figure 25. NPV versus Discount Rate for S1.1.3. 
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Figure 26. NPV versus Discount Rate for S2.1.3. 

 

 
Figure 27. NPV versus Discount Rate for S2.2.3. 
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Figure 28. NPV versus Discount Rate for S2.3.3. 

 

 
Figure 29. NPV versus Discount Rate for S2.4.3. 

 

As it can be seen the NPV follows an inverse proportion with the discount rate. Which means that the 

highest the discount rate is, the lower the NPV is. When the NPV is equal to zero, the discount rate is 

equal to the IRR. When the discount rate increases in 50% of the value assumed (r = 9.02%) the NPV 

is lower but it is always positive, meaning the project is always profitable. 

 
The following Table 39 summarizes the economic results for the most relevant scenarios, which were 

considered as the third category, organized in order per row from the most relevant to the least relevant. 
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Table 39. Third scenarios category economic qualitative results organized in order from the most 

relevant to the least relevant. 

Higher 
Profit 

Lower  
Risk 

S1.1 S2.2 

S2.1 S2.3 

S2.4 S2.4 

S2.2 S1.1 

S2.3 S2.1 

 

All the scenarios were presented as profitable, the payback time was considered less than a year which 

is a really good indicator in this sector and the IRR’s are all bigger than 100% which means the project 
is always approved. 

 

6.2 Environmental Evaluation 
 

For the environmental evaluation, a Life Cycle Assessment (LCA) was made using SimaProÒ 8.3.0.0, 

and the databases Method and Ecoinvent3-consequential-unit, which is the most recent. The LCA 

followed the steps described in Standard ISO 14040: definition of the goal and scope, life cycle inventory 

analysis (LCI), life cycle impact assessment (LCIA), and life cycle interpretation phase. 
 

Goal and Scope 
Determining the environmental impacts of the Reference Panel for the different supply chains, to 

compare the different environmental performances and evaluate sustainability. 

 

Functional Unit 
It is important to note that in comparative studies, the systems must be compared based on similar 

functions. Therefore, since the environmental efficiency of the different reference panel supply chains 
is of interest, the functional unit was defined as the weight of one reference panel for each scenario. 

 
Boundaries 
The LCA space border will be the same contemplated on the economic evaluation. It will be considered 

the materials from the suppliers, the transportation to Embraer Évora, the production and finally the 

component distribution to the assembly factories. As to the time border, it was considered 4 years, which 

is approximately the duration of IAMAT’s project, even though these values might suffer some changes 
due to technological innovations. 
 

 
 
 



 66 

Life Cycle Inventory 
Materials 
 
The raw materials considered for all the scenarios, were Epoxy Resin Liquid {GLO} market for which is 

in SimaProÒ database and Carbon Fiber which is not SimaProÒ database. For the Carbon Fiber it was 

used the results from from Suzuki, T. and Takahashi, J. (2005), with application for the mass production 

of automobiles. They considered that the energetic and environmental consumption is equivalent to 286 

MJ per kilogram produced. Therefore, to produce 1kg of carbon fiber, the consumption is 79.44kWh. 

This material was input in SimaProÒ, with Electricity, medium voltage {FR} market for, and can be seen 

in Table 40. 

 

Table 40. SimaProÒ Carbon Fiber input. 

Amount Electricity/Heat 
1 kg 79.44 kWh 

 

Also, accordingly with Suzuki, T. and Takahashi, J. (2005), there is an energetic consumption for the 

production of prepreg materials of 40MJ/kg (S1.1, S2.1, S2.3, S2.4) and for the impregnation (S2.2) an 

energetic consumption of 10.2MJ/kg. Therefore, to produce 1kg of prepreg, the consumption is 
11.11kWh and to impregnate 1kg of carbon fiber with resin the consumption is 2.83kWh. 

 

The following Table 41 represents the Prepreg and Impregnation material inputs in SimaProÒ for each 

scenario. The fraction of resin and carbon for each scenario was taken from the material sheets (Hexcel, 

2014; Hexcel, 2016; Hexcel 2017a; Hexcel 2017b; Solvay, 2017). The electricity input for S1.1, S2.1, 
S2.3, S2.4 was Electricity, medium voltage {FR} market for and for S2.2 was Electricity, medium voltage 

{PT} market for. 

Table 41. SimaProÒ materials input for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Prepreg / 
Impregnation 
Amount (kg) 

Epoxy Resin 
Liquid {GLO} 

market for 
(kg) 

Carbon 
Fiber 

Electricity 
(kWh) 

S1 S1.1 1 0.34  0.66 11.11  

 S2.1 1 0.34  0.66  11.11  

S2 S2.2 1 0.31  0.69 2.83  

 S2.3 1 0.35  0.65  11.11  

 S2.4 1 0.34 0.66   11.11 

 

  

Transportation and Production 
The following Table 42 represents the inputs for the production of one reference panel in SimaProÒ for 

each scenario including the transportation. The transportation units were calculated based on the 
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distance travelled multiplied by the material ordered in tons. The input of the transportation for scenarios 

S1.1.1, S1.1.2, S1.1.3, S2.1.1, S2.1.2, S2.1.3, S2.3.1, S2.3.2, S2.3.3 was Transport, freight, lorry with 

refrigeration machine, freezing {GLO} market for. The input of the transportation for scenarios S2.2.1, 

S2.2.1, S2.2.3 was Transport, freight, lorry, unspecified {GLO} market for. For the scenario S2.4.1, 

S2.4.2, S2.4.3 the first value and third value is Transport, freight, lorry, unspecified {GLO} market for, 

the second value is Transport, freight, sea, transoceanic, ship, unspecified {GLO} market for. 

 
The electricity units were calculated based on the power of the machines for each scenario multiplied 

by the duration of each machine. For all the scenarios the electricity input used was Electricity, medium 

voltage {PT} market for. 

 

It was assumed that the machines are using all the all power available.  

 
Table 42. SimaProÒ transportation and production input for one reference panel for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Tertiary 
Scenario 

Reference 
Panel (kg) 

Material 
Travelled 

(kg) 

Transportation 
(tkm) 

Electricity 
(kWh) 

S1 S1.1 

S1.1.1  

568.8  

 

 

764.1  

 

 

1264.66  

 

39872.00  
S1.1.2 

S1.1.3 41860.09  

 
 

S2.1 

 

S2.1.1  
568.8  

 

 
764.1  

 

 
1264.66  

 

39872.00  
S2.1.2 

S2.1.3 41860.09  

 

S2 
S2.2 

S2.2.1  

541.6  

 

 

722.5  

 

 

1195.81 

 

8770.67 
S2.2.2 

S2.2.3 12128.71  

 S2.3 

S2.3.1  

550.8  

 

728.6  1205.79  
11189.87  

S2.3.2 

S2.3.3 13428.56  

 S2.4 

S2.4.1 

 

475.2 
 

624.0 

 

1803.20  

 

 

S2.4.2 

32.45 

10347.79 

107.95 

S2.4.3 

 

9187.55   
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Distribution and Assembly Factories 
 
The following Table 43 represents the inputs for the distribution to the assembly factories of one 

reference panel in SimaProÒ for each scenario. The functional unit was defined as the weight of one 

reference panel for each scenario, the transportation units were calculated based on the distance 
travelled multiplied by the material ordered in tons. The first value and third value of the distribution for 

each scenario corresponds to Transport, freight, lorry, unspecified {GLO} market for, and the second 

value corresponds to Transport, freight, sea, transoceanic, ship, unspecified {GLO} market for. 

 

Table 43. SimaProÒ distribution to assembly factories input for one reference panel for each scenario. 

Primary 
Scenario 

Secondary 
Scenario 

Functional 
Unit (kg) 

Transportation 
(tkm) 

S1 S1.1 568.8 

97.83 

4510.02 

24.46 

 S2.1 568.8 

97.83 

5565.71 

175.19 

S2 S2.2 541.6 

93.15 

5299.40 

166.81 

 S2.3 550.8 

94.74 

5389.58 

169.65 

 S2.4 475.2 

81.73 

4649.83 

146.36 

 

 

 

Life Cycle Impact Assessment 
In order to have comparable values for all the scenarios, and since there are different environmental 

categories for each scenario, it was used ReCiPe Endpoint (H) in SimaProÒ to obtain a single score for 

each scenario, meaning that each value of the respective environmental category was normalized and 

added to obtain the final result. The single score results for each scenario can be seen in the following 

Figure 30. 
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Figure 30. Single Score for all the scenarios 

 
 
It is important to note that S1.1 and S2.1 are almost the same, except the aviation sector they serve. 

The assembly factory location is the only difference contemplated in this dissertation, therefore the 
differences of the results for these scenarios are minimum. 

 

The qualitative results of the Single Score accordingly with the first, second or third category are 

presented in Table 44. 

 

Table 44. Scenarios category Single Score qualitative results organized in order from the highest to 

the lowest. 

First Second Third 
S2.1 S2.1 S2.1 

S1.1 S1.1 S1.1 

S2.4 S2.4 S2.4 

S2.3 S2.3 S2.3 

S2.2 S2.2 S2.2 

 

A higher single score, means higher environmental impact. 

The results from the first and second category are always the same, same since the only difference 

between them is the number of operators which does not influence the environmental analysis. Apart 

from this all the categories follow the same order. The third category always has highest single score 

since it has more automation. 
 

The scenarios with more environmental impact are S2.1 and S1.1 since they are the ones with higher 

electricity usage.  
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The scenario with less environmental impact is S2.2 even though, S2.4 is the one with less electricity 

usage. However, S2.4 material, travels a considerable bigger distance when compared to all the other 

scenarios. 

 

The scenarios with more relevance to study are the third category since they correspond to the scenarios 

with more automation and less manual labor. So, these will be the scenarios compared with more detail.  

The normalized values for the different categories will only be presented for S1.1.3 and can be seen in 
Table 45 and Figure 31. For the other scenarios these results can be seen in Appendix E.  

 

Table 45. S1.1.3 Normalized values and relative weight for the different impact categories. 

Impact category Normalized 
Values (kPt) 

Relative Weight 
(%) 

Climate change Human Health 0.76472378 32.02% 

Fossil depletion 0.73108036 30.61% 

Climate change Ecosystems 0.4838354 20.26% 

Particulate matter formation 0.25253044 10.57% 

Human toxicity 0.10986853 4.60% 

Metal depletion 0.04675785 1.96% 

Urban land occupation 0.00970014 0.41% 

Ionising radiation 0.00937106 0.39% 

Natural land transformation 0.00809306 0.34% 

Terrestrial acidification 0.00197599 0.08% 

Freshwater eutrophication 0.00127144 0.05% 

Freshwater ecotoxicity 0.00111074 0.05% 

Terrestrial ecotoxicity 0.00024723 0.01% 

Marine ecotoxicity 0.0002042 0.01% 

Ozone depletion 0.00020102 0.01% 

Photochemical oxidant formation 6.5425E-05 0.00% 

Agricultural land occupation -0.0326325 -1.37% 
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Figure 31. Relative weight of normalized values versus impact category for S1.1.3. 

 

 

After this, it was used the Pareto’s Principle, to determine the categories that contribute with 

approximately 80% of the total environmental impact for each scenario. The relative weight in 

percentage of the normalized values are represented in Table 46. 

 

Table 46. Pareto´s analysis with the relative weight of the categories with more impact for all the 
scenarios. 

Impact 
Category 

S1.1.3 S2.1.3 S2.2.3 S2.3.3 S2.4.3 

Climate change 

Human Health 
32.02% 32.00% 30.80% 31.19% 28.57% 

Fossil depletion 30.61% 30.61% 31.00% 30.41% 28.52% 

Climate Change 

Ecosystems 
20.26% 20.25% 19.48% 19.24% 18.08% 

Total 82.89% 82.87% 81.27% 80.84% 75.17% 

 

 

It is important to note that the order of the categories is not always the same for all the scenarios, but 

the categories with more impact are for all the scenarios: climate change human health, fossil depletion, 

and climate change ecosystems. Climate change human health and ecosystems is related to emissions 

of greenhouse gases to air and fossil depletion is related to extraction of minerals and fossil fuels due 
to inputs in the system. 
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For the three most important impact categories, an analysis was made comparing the single score of 

the production with the single score of the distribution. As it can be stated from Figure 32 for S1.1.3, the 

production is the category with the highest contribution for the total single score, and the distribution 

contribution can almost be neglected. It is important to state that the single score of the production 

includes the single score of the materials and of the materials transportation. The other scenarios 

comparison can be seen in Appendix E. 
 

  
Figure 32. Single score of production versus distribution of the three most important categories for 

S1.1.3 
 

Interpretation 
 
After the above analysis, it can be concluded that are that the scenario with less environmental impact 

is S2.2, since it is the material with the best trade-off between the travelled distance and the electricity 

usage. The scenarios with higher environmental impact are S2.1 and S1.1 since they are the scenarios 

with the highest electricity usage. The categories with the highest environmental impact are related with 
the emissions of greenhouse gases and fossil fuels. There is coherence in the single score for all the 

scenarios, showing that the production has a considerably larger impact on the environment than the 

distribution. 

 

 

6.3 Chapter Conclusions 
 

The summarized qualitative results by scenario, can be seen in the following Table 47. The scores are 

organized in a descendant order per row.  These results are valid for the third category scenarios, which 

are the scenarios used as a basis of comparison, due to the fact that they are the ones with more 

automation, and therefore closer to reality.  
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Table 47. Third scenarios category economic and environmental qualitative results organized in order 

from the most relevant to the least relevant. 

Higher 
Profit 

Lower  
Risk 

Lower 
Environmental  

Impact  
S1.1 S2.2 S2.2 

S2.1 S2.3 S2.3 

S2.4 S2.4 S2.4 

S2.2 S1.1 S1.1 

S2.3 S2.1 S2.1 

 
The scenarios S1.1 and S2.1 are very similar except the distribution part. S1.1 and S2.1 are the 

scenarios with the second highest number of number of parts produced per year but with the highest 

and second highest NPV value respectively. The scenario S2.4 has the highest number of parts 

produced per year but is third ranked on the NPV. This discrepancy is due to the fact that the sales of 

S1.1 and S2.1 have the highest value of all the scenarios since a fixed profit percentage was assumed 

for the internal cost.   

 

The Payback Time and IRR measure the risk and follows approximately the inverse order of the NPV. 
However, all the scenarios present Payback Time inferior to one year which means they are all viable 

and all the scenarios, have an IRR bigger than the discount rate, which means that the project is 

profitable. 

 

As to the environmental results, they are referent to the production of only one reference panel, which 

is different from the economic results since they considered the maximum efficiency of the factory to 

produce parts. In this case, the highest the single score is, the more environmental impact the scenario 
has. The most environmental friendly scenario is S2.2 and the less environmentally friendly scenarios 

are S1.1 and S2.1 with quite similar single scores, being the difference again the distribution. 

 

The scenario with the best trade-off between higher profit, lower risk and lower environmental impact is 

scenario S2.4.  
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7. Conclusions and Future Work  
 

The overall health of the A&D industry remains strong. The commercial aviation sector is in its most 

profitable growth cycle in history, and despite the growth is flattening, there are no signs of a decrease.  
Out of the four main OEM’s, Embraer is the focus of this dissertation, and takes the fourth place in the 

Top 100 A&D. Nevertheless, Embraer shows higher deliveries and backlog than Bombardier in 

commercial aviation, thus taking the third position of the four OEM’s in commercial aviation. 

 

The sustainability concepts were presented including the 3BL, as well as the supply chain concepts.  

Aerospace supply chain is yet a subject that can be studied with further detail. Many authors have looked 

into this, but few focused on the sustainability of the supply chain considering all the three pillars of 

sustainability, which was the focus of this work. Out of the five different research methodologies, case 
research was the most adequate methodology for this dissertation since it relies on obtaining real data 

from a real company.  

 

The current supply chain of Embraer was compared with alternative viable scenarios for alternative 

composite processes. For each different process there was a different supply chain. To characterize the 

different supply chains, it was taken into consideration if the alternatives were compatible with Embraer 

protocols, standards, policies and rules. This was done in cooperation with Embraer. 
 

The scenarios were defined based on the data collection. A reference panel was introduced in order to 

have a similar basis of comparison for all the scenarios. For the different scenarios, a small resume of 

each manufacture process was presented, according with the resources necessary. After this, the data 

for the different materials costs, quantities, lead times, means of transportation, was presented. The 

production costs and duration were scaled-up from the results obtained in laboratory to industry results. 

After this, the distribution cost and duration for the assembly factories was estimated thus leaving all the 

scenarios characterized for evaluation. 
 

The third category scenarios were the ones used as a basis of comparison to evaluate all the scenarios, 

economically and environmentally, since they were the ones with more automation and less manual 

labor, which is closest to the real industry. There were discrepancies in the NPV ranking and in the 

number of parts produced per year due to the fact that the sales were considered using the internal cost 

plus a fixed profit percentage. As to the single score, these results were referent to the production of 

only one reference panel, which is different from the economic results since they considered the 

maximum efficiency of the factory to produce parts. The scenario with the best trade-off between higher 
profit, lower risk and lower environmental impact is scenario S2.4. 

 

 

 

 



 75 

As future work, it is recommended to do a different scale-up, less linear, more complex and with more 

variables. This scale-up was the best option for a first approach with the resources and time available, 

but each process is very complex and requires a more detailed examination. There are many new 

processes and machinery that weren’t included in this dissertation. It is not linear to scale-up a process 

that is done in laboratory to industry. In laboratory there is a lot of manual labor involved which is not 

true for industry. The learning curve for industry should also be studied with more detail, and in this 

dissertation, it was referenced to justify the increase of the sales per year without acquiring new 
machinery. It is also important to note, that if a certain manufacture process is chosen by Embraer, it is 

possible to acquire more machinery to increase the production of parts per year to satisfy the demand.  

It was considered in this dissertation, that the machines were working at full power. It is interesting to 

obtain in the future, the results for the exact power of each machine, for each stage of the process. 

Finally I would recommend to integrate the social pillar, which due to time limitation was not considered, 

to have a more complete characterization of the sustainability of the supply chain. 
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Appendix B – Materials quantity, cost, and transport cost 
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Appendix C – Laboratory and scale-up results for the different scenarios 
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Appendix D – Economic evaluation for the different scenarios 
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Appendix E – Environmental evaluation for the different scenarios 
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