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Abstract.  
This paper explores the needs and clarify the sustainability challenges in relation to 
complex lifecycles within the aerospace field. It is an introductory study to 

understand how to improve the sustainability performance of aerospace solutions 

and aim to propose a comprehensive sustainability transition roadmap for the 
Aerospace industry in further research work. 

Society is increasingly demanding that the aviation industry adopt more sustainable 

practices, resulting in the formulation of new regulations and policies to limit the 
sustainability risks of this strategic industry. Existing regulations, such as the EU's 

Green Deal and the EU's critical raw materials act, are already impacting the 

Swedish aerospace manufacturing industry. Furthermore, circular economy is 
gaining significant attention in the manufacturing industry in general and is 

increasingly considered in aerospace.  

This exploratory and descriptive research is conducted with support of Swedish 
Aerospace manufacturers and aim to cover real industrial projects with products at 

different stages of development. The interviewed companies operate within both 

civil and governmental aerospace sectors, encompassing the entire spectrum of 
product development, from radically innovative technology introductions to 

enhancements made to existing systems and components. 

This paper highlights current challenges and several focus areas on which the 
aerospace manufacturers have started to work on and will have in focus for the next 

5-10 years ahead. Differences in approach have been identified between early 

product development phases with radical innovations and more advanced and 
mature product development. The stakes and priorities are different and it is 

reflected on how the companies are working with sustainability today. There is a 

need to balance efforts between developing the right future products, and also 
improving current ones, to lead the sustainability transformation in the aerospace 

industry. 
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1. Introduction 

1.1. Importance of a sustainability transition in aerospace 

The aviation sector, responsible for 3.5% of global greenhouse gas emissions, is 

projected to experience continued growth, with an annual average of 4.1% over the next 

three decades [1]. But it has become evident lately that society’s sustainability challenges 

are not limited to only climate impact and challenges are driving sustainable 

development in the global business that is aerospace. Achieving the 2050 net-zero vision, 

in addition to NOx emissions and noise reduction goals [2] will require many efforts in 

the entire value chain of aerospace products. The society is expecting the aviation 

industry to become more sustainable and new regulations and policies will be created in 

the future in order to limit the footprint of this strategic industry. Some regulations 

already exist that will affect the Swedish aerospace manufacturing industry such as the 

EU’s Green Deal or EU’s critical raw materials act, enforcing a more circular and more 

regional value chain [3].  

Circular economy is gaining significant attention in the manufacturing industry in 

general, yet not in aerospace according to Dias et al [4]. The adoption of Circular 

Economy is recommended following criticism of the linear model, which causes issues 

such as increased pollution and deforestation, reduction of natural resources and loss of 

biodiversity, among others. Circular economy is a recommended approach for improving 

environmental sustainability, increasing the life cycle of products and generate economic 

and productivity gains resulting from the optimization of materials and reduction of 

waste. 

While various methods and approaches for integrating sustainability in product 

design exist, efficiently implementing sustainable development remains a challenge for 

many industries [5]. Research has been initiated internationally, e.g the SUSTAINAir 

project to address the circularity aspects of material solutions in aircrafts.  

Aerospace faces its own unique obstacles when it comes to developing sustainable 

solutions. Time perspective is one such challenge, as the development of aerospace 

products is often long, i.e. three to seven years in average, and limited due to standards, 

regulations and certifications. In addition, the operational lifespan in the civil industry 

averages around 26.5 years [6]. Given the urgency of a sustainable change, it is crucial 

to enable this transformation while balancing tactical and strategic goals. The need to use 

advanced materials and manufacturing methods is another sustainability challenge that 

the industry is facing [7]. Materials for aerospace products need to be thoroughly 

certified for safety reasons, and are often expensive. Specific alloys are many times 

scarce and critical from availability and sustainability perspective, and are not included 

in a circular loop, as well as frequently hard to substitute. Similarly, certain 

manufacturing methods, e.g. Additive Manufacturing, can be very energy-consuming, or 

generate a lot of scrap, e.g. forging and are difficult to replace while meeting current 

standards. Aerospace manufacturers are invested in research for design to optimize the 

life cycle of circular solutions by including repair and remanufacturing as design 

parameters [8]. The operating space to make materials and manufacturing processes 

more sustainable in aerospace is difficult to comprehend and use at its maximum. 

Therefore, there is a need to develop knowledge and capabilities in Aerospace industry 

to deal with the added complexity that sustainability challenges bring. Furthermore, there 

is a need to enable product development teams to develop resilient solutions and thereby 

actively contribute to the sustainability transition of aerospace industry. 
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1.2. Sustainability in product development 

At present, the implementation of UN’s 2030 sustainable development goals [9] have an 

impact on the products, systems, solutions and infrastructure that are needed. Production 

and decarbonisation are areas that need transformation to achieve these goals [10]. 

Through Clean Aviation, aerospace have emphasized the climate change challenge, but 

also recognising the development of new business models to handle energy and materials 

transformation. Sustainable development brings a range of new constraints and aspects 

to relate to, why the practices of product development continuously need to be adapted. 

The fact that the well-known insight that 80% of a product’s sustainability impact over 

its life cycle is set already in the early design phases puts product development and its 

early phase decision making in focus. The understanding of sustainability challenges and 

opportunities are consequently critical to include already in the early phases of product 

development, e.g. in portfolio- and product requirement management [11, 12, 13, 14]. 

Sustainable product development, which relates to the integration of sustainability 

into the early phases of the product innovation process and includes a life-cycle thinking, 

is therefore an important measure in the development of a more sustainable product 

design and production. In a company, integrating sustainability aspects into product 

development is a complex task. This means: i) developing solutions that benefit from 

new technologies, i.e., new to the company and the market, with a high sustainability 

potential; ii) developing business models and solution that covers the full life-cycle and 

its value-chain; and, iii) managing and mitigating the risk associated with new 

technologies and new business models [15]. 

The challenge facing transportation industry in general, and aerospace in particular, 

will require a significant shift in products and technologies. Realizing such challenges 

requires equally a shift in thinking, acting and in the way of how to ensure confidence 

and robustness in the new approaches. This needs to be included in the design and 

development systems, routines and methods, something that is challenged by the 

systemic and holistic nature of sustainability. The understanding and designing of 

products to meet increased needs and expectations on sustainable products cannot be 

seen in isolation, but rather need to bridge design, technology, business and quality 

aspects with a complete life-cycle perspective.  

In the challenge to provide sustainable solutions, it is expected that product 

developing companies need to simultaneously address new type of needs and integrate 

new type of technologies into functioning solutions. It is argued that this will require new 

practices that provide what will be referred to as capabilities, or more specifically, 

sustainable product development capabilities. 

At present in the industry, there is a lack of understanding of the sustainability 

complexity of technology development. Providing sustainable solutions to the market is 

no longer only of strategic importance for aerospace, but rather business critical. While 

the industrially negotiated strategies in Europe  [16] and the UK [17] outline actions 

necessary for reaching 2050 emission targets on Green House Gases and sustainability 

transformation are even wider. The Aerospace industry will also need to comply with 

other targets expressed in the new industrial strategy to meet the European Union’s Green 

Deal [18]. One such area is the use of resources, where Circular Economy solutions and 

legislative actions are central. So in addition to the ambitious targets on emissions, 

industry needs to address also material resource targets. Such disruption in the business 

has not been seen in aerospace since the introduction of jet propulsion more than 60 years 

ago. Although aerospace is a high technology business, the number one priority for 
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aerospace has been, and still is, flight safety that practically have limited the ability to 

introduce too radical solutions into business. The safety levels of today are several orders 

of magnitude higher than the safety levels of early jet age, and a fundamental challenge 

is how to succeed with radical and disruptive changes while maintaining the high safety 

standards of today [19]. 

2. Method 

This is mainly an exploratory study that aims to identify research problems, and 

understand how to improve the sustainability implementation of aerospace products, 

with a focus on industry leadership perspective. The.  

The research is planned by inspiration from the Qualitative Research Design 

interactive methodology [20] as an exploratory study, where the aim is to identify 

components and patterns to create the conceptual framework for more in-depth studies 

in continues research. A semi-structured interview study was conducted in which three 

different companies participated. The three companies are all aerospace companies 

within Sweden and can provide a comprehensive view of sustainable product- and 

technology development in the aerospace industry. These companies were selected as 

they have aerospace solutions both within civil and defense industry, as well as products 

at different stages of development and therefore increase the understanding of how to 

accelerate the sustainability transition in a variety of situations. Development stages were 

represented by at least two out of the three companies: 

I. Early phase and Innovative Product Development, where alternate concepts, 

materials and design solutions are investigated.  

II. Mature and Evolutionary Product Development, where requirements and 

constraints limit the room for larger changes.  

III. Product Development for Derivatives, Upgrades and Remanufacture, where 

changes and measures need to comply with already certified product solutions.  

 

The interview study targeted interviewees with a leading position in sustainability, in 

technology or product specialist, and in strategic development of the company. See  

Table 1. 
Table 1. Roles of interviewees at the three companies 

Company A Company B Company C 
Sustainability lead 

Technology lead 

Strategy lead 

Sustainability lead Sustainability lead 

 
The interview questions were grouped into two different overarching themes: 

sustainability transition and circular economy. The aim was to explore the needs and 

clarify the sustainability challenges in relation to complex lifecycles within the aerospace 

field. See list of interview question in Table 2. 

In addition to the semi-structured interview, a list of current and upcoming 

regulations and policy instruments related to sustainability within the aerospace field was 

collected.  Also, a review of initiatives in relation to sustainability from aerospace 

associations were conducted. 
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Table 2. List of interview questions 

Theme I: Sustainability transition Theme II: Circular economy 

1) In which ways do you make sure your 

aerospace solutions are contributing to 

aerospace industry's sustainability transition? 
2) Where is your company at in terms of 

sustainability transition? 

3) What support do you need to achieve this 
transition?  

4) On what sustainability aspects is your 

company focusing on today? What will it be 
in the long term? 

5) What external factors are important for your 
company's future?   

6) How do you evaluate sustainability 

performance of aerospace solutions today? 
 

1) What is circular economy for you and your 

company? 

2) How is circular economy implemented in 
your company today? 

3) How do you work with sustainability across 

the value chain?  
4) What is needed in order to develop solutions 

with more sustainable lifecycles? 

 

3. Results and discussion 

3.1. Regulations supporting the sustainability transition 

There are several sustainability related regulations that affect the aerospace industry 

directly or indirectly, both national regulations and European regulations. There has been 

an increase of regulations in the last couple of years, as the climate has gotten increased 

attention in society. Many proposed regulations are also currently being considered and 

expected to be in force in the next few years.  

The case companies, set in Sweden, are thereby directly affected by EU regulations, 

but also other regulations since they have sites and suppliers across the world. 

Some of these regulations are focused on sustainability reporting, such as the 

Corporate Sustainability Reporting Directive (in EU) and proposal for Standardization 

of Climate-related disclosures (in US). While others regard sustainability in the supply 

chain for example regulations regarding due diligence and increased transparency in the 

supply chain (ex EU Corporate Sustainability Due Diligence Directive and Norway 

Transparency Act). EU critical raw material act [3] aims to secure the supply chain of 

critical materials in Europe encourages more circularity and the development of 

European suppliers. This has a big impact on the aerospace companies with their main 

suppliers outside of EU, long product lifecycles and high material quality demands. 

There are also regulations regarding social aspect such as for example Conflict 

minerals regulation (in EU) or the proposal of Slave-Free Business Certification Act (in 

US), or financial aspect such as EU Taxonomy that sets a common classification for 

sustainable economic activities. 

The increased number of new regulations and directives are putting increased 

attention on sustainability, however with the risk of overemphasising the reporting itself 

rather than on actually driving change. Two of the three companies have also committed 

to the Science-Based Target Initiative (SBTi) which implies that they work to measure 

climate impact and setting targets to reduce climate impact according to the Paris 

agreement.  
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3.2. Aerospace associations influencing the sustainability transition

International- on a global scale

The IAEG (International Aerospace Environmental Group) is an international 

organization in which aerospace companies from all continents are members. Their goal 

is to develop voluntary leading edge solutions across the value chain to promote a 

responsible and sustainable aerospace industry. Today they are a forum for sharing good 

practices concerning key issues and developing voluntary consensus standards around 

the environment. This organization does not currently have a roadmap, but is working 

on several focus areas that are: materials and substances declaration, greenhouse gases, 

emerging global regulations, environmental certification and supply chain [21].

The International Civil Aviation Organization (ICAO) is a United Nations agency

and is the worldwide alignment of air regulations and procedures. Aviation safety and 

environmental protection (Climate change, aviation emissions, aircraft noise and local 

air quality) are in their global priorities. ICAO developed a carbon offsetting and 

reduction scheme that sets a baseline across the industry. It also quantified a large amount 

of sustainable aviation fuels and their potential towards carbon neutrality. In 2022, ICAO 

adopted a long term aspirational goal for international aviation of net-zero carbon 

emissions by 2050 [22].

In USA, the Federal Aviation Administration is committed to make aviation quieter, 

cleaner and more sustainable since 2023. Focus on aviation fuels, new technologies and 

operations efficiency, engage with communities on aviation noise [23].

International – on an Europe scale

ACARE, the Advisory Council for Aviation Research and Innovation in Europe has 

published their first roadmap including sustainability indicators in 2011 called 

“Flightpath 2050”. Since then, after EU published the Green deal the roadmap has been 

revisited and updated in 2022 [2]. Several goals have been defined for short, medium 

and long term [24] to reach net zero carbon dioxide, significant reduction of NOx and 

particles, contrails cirrus formation, and reduce total climate impact of the aviation 

industry in Europe. Another of their sustainability goals is to “put the citizen at the 

center”, hence enabling less inconvenience from the aviation industry such as noise and 

land change, as well as making the industry more socially inclusive and transparent.

EASA, the European Union Aviation Safety Agency publishes European aviation 

environmental reports regularly. It contains a roadmap for EU+ carbon neutrality by 

2050. It also proposes a roadmap for noise exposure and NOx emissions reduction 2050. 

Air quality and aviation non-CO2 warming emissions are also addressed [25].

The report Destination 2050 – A route to net zero European aviation [26] describes

pathways to net zero CO2 emissions in Europe and has been signed by several European 

airlines associations, councils as well as ASD. Improved technology and sustainable 

aviation fuels and hydrogen are key elements of the net zero roadmap. Figure 1 shows 

the effect of different measures in the future towards a net zero industry.

Innovair, the Swedish national innovation program for the aerospace industry has 

identified action areas to reduce the aviation’s environmental impact, following 

strategies suggested by European and international strategies [27].
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Figure 1. Net zero roadmap for European Aviation. Source: Destination 2050 report [26]

3.3. Interview results

Technology, sustainability and strategy leaders of aerospace manufacturing industry 

have been interviewed about the industry’s sustainability transition and circular 

economy, see Table 2.

Sustainability transition

Figure 2 below presents a summary of the interview study on the topic of sustainable 

transition.

Figure 2. Challenges and current solutions to enable the sustainability transition in the aerospace industry

In terms of environmental transition, companies focus currently on carbon emissions 

from their own operations and energy consumption and a few other environmental 

metrics, such as water intensity and waste to landfill. Emissions of the whole value chain 

are more and more frequently evaluated and addressed through initiatives such as 

Science Based Targets. Substances of concerns are also an important compliance issue 

that current products on the market are facing. The industry keeps to date with the 

Challenges

Comply to 2050 net zero goals

Long product lifecycle prevents quick 
change

Value chain lacks engagement, maturity 
and education on sustainability

Lack of visibility over the full 
sustainability effects of a decision

Current solutions

Develop low carbon solutions on the 
long term, improve fuel efficiency of 

every new product

Tactical & strategic sustainability 
roadmaps and metrics

Code of ethics, code of conduct

Assessments of new solutions (often 
qualitative), mazimize product life
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world’s sustainability transition with their external partners such as universities and 

research institutes and make sure that they are on the path to transition. 

In terms of social sustainability, some interviewees sees it more as a continuous 

work for their companies than a transition. By gradually implementing more stringent 

code of ethics, supplier code of conducts, their business will become gradually more

socially sustainable without the need for a fast transition.

In relation to product development, “Aerospace has always had a focus on weight 
and efficiency.” (Sustainability lead, Company A). It is a strong focus for all solutions 

regardless they are at very innovative or not, at early or late development stages.

For aerospace manufacturers, long-term projects aiming to develop low carbon 

solutions are key to the sustainability transition of the industry. Research ongoing under 

the European program Clean Aviation is promising to significantly reduce the climate 

impact of aircrafts in flight. Hydrogen power, hybrid-electric or ultra-efficient aircrafts 

are being developed. This work is aligned with the European roadmap called “Fly the 

Green Deal” [2].

According to the leaders interviewed, reaching net zero by 2050 is a vision that likely 

will be very difficult to achieve for the aerospace industry due to the long lifecycle of 

their products. As the average life of an aircraft is 27 years, aircrafts sold in 2023 will 

only retire in 2050. Today’s aircrafts are only certified to fly on blends of fossil and 

sustainable aviation fuels, which makes it highly unlikely that aircrafts in 2050 can fly 

fossil-free, even less likely carbon-neutral. Retiring aircrafts at an earlier age could be a 

solution if the business case allows it, however it poses other sustainability issues since 

tons of valuable materials will become waste with no possibility of life extension for the 

sake of climate neutrality.

The development of green aviation innovations such as electric or hydrogen appears 

to be currently more driven by the civil business. Meanwhile governmental business 

focuses on sustainability aspects that also have a strategic advantage, such as mineral 

criticality and noise of the aircrafts.

Circular economy

A summary from the interviews regarding circular economy is presented in Figure 3.

If climate change is high on the aerospace industry agenda, it is not necessarily the 

case for circular economy as of today. “The goal  is to have products in our portfolio that 
do not require any virgin raw material. […] We are far from that fully circular vision”

(Sustainability lead, Company A). To reach this, every life cycle phase should be 

optimized in terms of waste, and discarded materials should stay within the aerospace 

industry without downgrading.

Metal scrap is more often downcycled, and sold to a reselling company that does not 

guarantee for the materials to be circled back into aerospace-grade quality. Non-metallic 

scrap such as composites or plastics are in the best case today incinerated for energy 

recovery. Recycling of fibers in composite materials is being established but very large 

amount of waste are required to establish such contracts, and not all manufacturers reach 

the large volume necessary.

The strong focus on safety and lack of regulations hinders the development of some 

circular materials that might not reach required properties or might degrade during use. 

“We are so focused on safety that it makes it more difficult to be circular, it is a costly 
exercise to recycle and recertify.” (Sustainability lead, Company A). Increase the amount 
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of recycled materials in purchased alloys is not on the trade-off list that is dominated by 

quality and cost. 

Figure 3. Challenges and current solutions to enable circular economy in the aerospace industry

The critical raw material act [3] is a concern expressed by some of the interviewees 

which see it very challenging to work with in their branch. The current offer in Europe 

is currently too limited to enable more circulation of critical raw materials within Europe. 

Critical elements are in vast majority coming from China, and aerospace alloys and parts 

come often from the USA where the aerospace business has been historically more 

established. However, it is important to highlight that it is not always well understood 

how to approach the critical raw material act and how much it will transform European 

aerospace manufacturers.

In the defense sector, “Circularity is a business opportunity” (Sustainability lead, 

Company B), that could provide more independence and flexibility in time of crisis and 

is therefore explored proactively both from an operational and eco-design perspective.

In the civil aviation engines sector, a contractual arrangement known as "power-by-

the-hour" has increasingly dominated new contracts since 2010-2015. Previously, 

agreements involved a low upfront payment when purchasing the engine, but significant 

costs were incurred by airlines for overhauls and shop visits. With power-by-the-hour 

contracts, airlines pay a fee based on engine usage. This shift has posed a challenge for 

engine manufacturers, as shop visits are no longer a source of revenue but an expense.

This led to the extensive development and implementation of repair solutions, which cost 

less than replacement of the entire damaged parts.

In terms of product development, companies working with immature technologies 

and radical innovation shifts are considering circularity at early design stages. It is not a 

driving requirement as of today because the current goal is to successfully demonstrate 

these innovations. 

“Sustainability and financial departments needs to work together on a business 
model for circularity” (Sustainability lead, company C). In addition, it does not seem 

that the aerospace manufacturing industry is systematically discussing this topic when 

interacting with suppliers and customers and the value chain needs to be more educated 

about the importance of circularity. 

Challenges

Useage of non recyclable materials

Useage of virgin materials

Downcycling of scrap and discaded 
products to lower grade

Overhaul and maintenance require 
replacement of valuable parts with new

Few circularity discussions with value 
chain

Current solutions

Development of bio-based materials

Tactical & strategic sustainability 
roadmaps and metrics

Develop repair solutions for more 
products and increase life expectancy

Educate partners
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Roadmap

The interviewees in the commercial sector emphasize that the industry needs to 

develop future low-carbon solutions is rooted in financial considerations. Achieving this 

goal requires aligning incentives for decision-makers and industrials forming powerful 

partnerships. As research projects and product development cycles in the aerospace 

industry are very long, the return on investment is not immediate. A significant obstacle 

at present is the lack of demand and compelling business case for developing such 

technologies, hence why governmental funding is crucial to drive development of 

innovative sustainable solutions. In the defense sector, the drive for a sustainability 

transition is not necessarily financial reasons but will come from customer demand. 

Company A and C leaders agree that creating international regulations on carbon 

emissions or fossil fuel usage taxes could drastically improve the “sustainable 

technologies” business case and affect how rapidly these solutions are being developed. 

On the other hand, company B’s sustainability lead anticipates that future regulations 

“might not support new technologies and limit what we can develop”.

In the coming years, the aerospace industry will continue to focus on mitigating their

climate impact. If today this includes direct carbon emissions, it will also include in the 

future non-CO2 effects from flight such as persistent contrails and nitrogen oxides 

emissions. The industry’s contribution to various environmental impacts will grow in 

importance in the future as well, referring to the nine planetary boundaries. Developing 

novel solutions will become necessary to take a broader perspective than weight and 

efficiency, incorporating other sustainability aspects into trade-offs considerations. 

Quantitative environmental evaluations such as lifecycle analysis will be more and more 

frequent. For aerospace companies driving radical innovation shifts, it is clear that 

circularity indicators such as recycled material content or recyclability will be high on 

the requirements of future solutions. The need is to understand how to connect these to 

business opportunities. For companies in the defense sector, circularity will also grow in 

order to support strategic independence. Aerospace manufacturers have circularity on the 

agenda but might not have identified the temporality of when and how to start 

implementing circularity. The Europe Critical Raw Materials act [3] will support faster 

development of European aerospace material supply. 

The society’s expectation and behavior towards flying will also strongly influence 

how the industry develops in the future. The flight industry has recovered since the 

COVID-19 crisis, and despite the high cost increase of flights overall, people are still

flying and connecting around the world. It appears that despite the growing 

environmental and climate impact consciousness, many still take the opportunity to fly. 

Social development across the globe is expecting to enable continuous and strong growth 

in the aerospace industry, especially in Asia and African continents.

Differences in product development phases

The interview study identified differences in approach between early product 

development phases with radical innovations and more advanced product development.

Radical innovations aiming for more comprehensive sustainably and long-term 

impact, are viewed as the real enabler for net-zero and sustainability transition. Presently, 

efforts are focused on enabling these innovations rather than ensuring their immediate

100% sustainability. First, it is difficult to grasp the whole sustainability impact of these 

future technologies. Second, low maturity of the value chain does not enable more 

stringent decision-making. Third, there is a fear that making it more sustainable would 
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slow down the implementation of the innovation or make it too expensive. It is a problem 

both financially for the investment company and for sustainability as a whole, as more 

sustainable solutions would be further delayed. In contrast, current solutions and short-

term product development address mostly compliance issues, which prevents long-term 

thinking. In addition, long lead times and cost of re-certification are seen to prevent the 

implementation of significant changes. Development resources are primarily focused on 

enhancing quality, meeting with regulations and managing supply risks.

4. Conclusions

This paper highlighted several focus areas on which the aerospace manufacturers have 

started to work on and will have in focus for the next 5-10 years ahead. See Figure 4. 

Some focus areas 

for the next years

Figure 4. Some main sustainability focus areas in the aerospace manufacturing industry in the next years

These areas of focus are connected to current challenges that the industry is facing, 

such as comply with customer expectations, regulations and net zero targets. Long 

product lifecycles, lack of value chain engagement and complexity of sustainability are 

several challenges hindering the transition today. 

The interview study identified differences in approach between early product 

development phases with radical innovations and more advanced and mature product 

development. The stakes and priorities are different and it is reflected on how the 

companies are working with sustainability today. There is a need to balance efforts 

between developing the right future products, and also improving current ones, to lead 

the sustainability transformation in the aerospace industry.  
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