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Abstract: Civil aviation is one of biggest industrial contributors to CO2 emissions worldwide. One
of the most urgent problems of this sector is providing new technologies to continue operating in a
more sustainable environment through a transition to clean energy. The Earned Value Management
(EVM) model, as a traditional project management tool, is continuously being revised with new
releases and extensions (e.g., ESM, EDM, QEVM, E-EVM, and ZEVM), but to date none of them has
applied an expert judgment criterion to be able to modify and anticipate the final result of the project.
In such a way, this paper introduces a novel approach to the topic with the so-called Enhanced
and Efficient Earned Value Management (denoted E2-EVM) model by including this new capability
through the real options methodology, thus helping to support the sustainability of the aerospace
sector. This research focuses on three main goals: the description of recent green initiatives in the
aerospace sector by checking its contribution to reaching the well-known Sustainable Development
Goals (SDGs), the development of a new version of the EVM model by applying the real options
methodology, and, finally, the financial contribution to the aerospace industry by applying these
initiatives and methodologies.

Keywords: sustainable development goals; aerospace industry; earned value management; real options

1. Introduction

The 2030 Agenda for Sustainable Development has highlighted the need to propose
and finance actions necessary to support the Sustainable Development Goals (hereinafter,
SDGs). These SDGs show different targets and topics related to defining a framework to
promote growth and prosperity and at the same time protect the planet.

These main topics are to tackle climate change, clean energies, health and social
protection, transport, science and technology, and, more recently, to define a recovery plan
after the COVID-19 pandemic.

Traditionally, the objective of a company has been to obtain the maximum profitability
derived from its economic activity. It is well known that only considering this goal can
imply forgetting the relevant consequences of human activity over the environment.

The aeronautical sector is not unconnected from sustainability due to the fact that
aircraft manufacturing represents a source of activities non-compatible with taking care of
the environment.

Therefore, the aerospace industry has the chance to invest in the improvement of its
manufacturing process, from an environmental perspective, by reducing gas emissions and
noise, recycling residuals, etc. Nowadays, these actions represent an option for this sector
but we hypothesize that investing in environmental care may even increase the economic
profitability of companies due to people’s increasing awareness about climate change.

Sustainability 2021, 13, 6717. https://doi.org/10.3390/su13126717 https://www.mdpi.com/journal/sustainability

https://www.mdpi.com/journal/sustainability
https://www.mdpi.com
https://orcid.org/0000-0002-1318-1221
https://orcid.org/0000-0002-6236-9853
https://orcid.org/0000-0001-5955-5754
https://doi.org/10.3390/su13126717
https://doi.org/10.3390/su13126717
https://creativecommons.org/
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://doi.org/10.3390/su13126717
https://www.mdpi.com/journal/sustainability
https://www.mdpi.com/article/10.3390/su13126717?type=check_update&version=5


Sustainability 2021, 13, 6717 2 of 17

This is why our paper introduces the so-called E2-EVM model, where the amount of
cash flows involved in the project are affected by the real option to expand the investment
intended for constructing aircrafts to be more respectful of the environment. Thus, the
information provided by the Net Present Value (NPV) will be more accurate as it includes
the flexibility of the company to adapt to the measures needed to care for the environment.
This is the main objective of the model proposed in this paper.

New perspectives for the aerospace sector offered by forthcoming European funds
might allow us to recover, transform, and boost a highly skilled sector with 870,000 em-
ployees across Europe. These companies are at the core of European competitiveness, since
their high-tech activities trigger spillover effects on several supply chains and economic
sectors [1].

The recent announcement that Iberia and Airbus will join forces to invest € 11 billion
into sustainable aviation, the digital transition, and the renewal of fleets is a very good ex-
ample of sustainability. More specifically, this will empower the Madrid hub by increasing
the competitiveness of Madrid (the connection center) and consolidate it as the door of
entry to Europe for Latin America and a knot of links between the former area and Asia [2].

This great project responds to these objectives, for which the Iberia and Vueling
airlines, both integrated in the International Airlines Group (IAG), Airbus (the European
aircraft manufacturer), and firms that manage airports and airspace (Aena and Enaire)
have joined forces.

The plan is a commitment to competitiveness on the basis of a more sustainable model
that is digital, innovative, and socially responsible. The sector would then contribute to
the transformation of the economic model and would incorporate innovation, digitization,
and the use of highly qualified resources according to the plan presented. It also highlights
the digital impulse and services that would have a strong dynamizing effect on the whole
sector and renewable energy entities, with a special focus on small and medium-sized
enterprises (SMEs) and public–private partnerships.

In this way, Airbus plans to develop the first zero-emission aircraft with hydrogen as
its primary power source, which could enter service by 2035. These designs showcase that
decarbonization is possible with the right technology, and that air travel can be greener and
more sustainable [3,4]. This part of the plan would cost about € 1 billion [5]. New aircraft,
such as the Airbus 350 and the Boeing 787, are up to 30% more fuel efficient than their
predecessors, which is already contributing to a decrease in emissions.

The aeronautics and aerospace industries need to prioritize the availability of eco-
friendly fuels, which could cut carbon emissions from airplanes, potentially helping them
pollute as little as buses and trains.

The aerospace industry is focusing on reducing fuel consumption by improving fuel
efficiency as a good way to reduce greenhouse gases, and some airlines are doing this by
reducing the weight on aircraft. Some airlines are looking change consumers’ buying habits
and make adjustments such as dropping in-flight duty-free sales. This might reduce the
need to carry extra inventory, which lowers fuel consumption, and speaks to the modern
shopping habits of travelers [6].

Moreover, the aerospace industry is trying to provide locally sourced and seasonal
foods in an attempt to reduce the carbon footprint of food transportation. While most
lettuce that is transported on airlines is shipped from California or Arizona to its departure
airport, Singapore Airlines introduced a “farm-to-plane” concept on the world’s longest
flight [7].

There is no doubt that a great deal of funding is required to carry out such projects.
Institutional investors, mutual and investment funds, and pension funds may be interested
in diversifying their portfolios by allocating their investment towards these sustainable
aeronautical assets.

Some studies have considered the effect of aviation activities in regards to the triple
bottom line (TBL) comprised of economic, social, and environmental factors [8].
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By creating a suitable legal and financial framework for SDGs related to the aeronautics
industry, a lot of funding can be obtained from financial markets and investors.

Existing studies [9–11] have pointed out that environmental sustainability may be
achieved through external pressure with the imposition and accomplishment of different
policies, regulations, taxations, and other fiscal instruments or by meeting the call for public
administrators to implement sustainable practices [12].

On the other hand, the authors in [13] highlight that the aviation industry recognizes
the growing and urgent need to save the environment and decrease fuel consumption. It is
clear that technology plays a vital role in promoting sustainable development and it is the
best way to reduce aviation emissions. In particular, we can see the improvement in new
aircraft designs and radical engine advances effectively facilitate CO2 reductions.

As indicated by the authors in [14], the global aviation sector has a key role to play in
achieving all SDGs, some in small ways and others with a much more significant influence.

According to the United Nations Office for Outer Space Affairs (UNOOSA), space
technologies and data are fundamental to achieving the SDGs: they provide real-time,
homogenous information from any location, including remote areas, upon which strategic
policy-making decisions can be based, and they are essential to monitoring progress in
achieving the SDGs [15].

Airbus, one of the most relevant aerospace companies in the world, has declared the
main drivers for the future to be unmanned, autonomous, and connected vehicles with
zero emissions to the ecosystem and within an Industry 4.0 environment [16]. The biggest
aerospace company in the world, Boeing, is also working in a similar direction by reducing
the fuel consumption and CO2 emissions by up to 20% in a new development of its 787
family of airplanes in order to fulfill the SDGs’ requirements [17].

Despite its importance in international business and the previously noted efforts by
scholars to clarify the importance, dimensions, and impact of sustainable development for
the aviation industry, little progress has been achieved in developing specific management
strategies in what has been called the ‘green aviation industry’ [18]. To promote the
sustainable development of the green aviation industry, researchers all over the world have
attempted to explore and experiment with new initiatives and models to speed up the
green aviation industry’s development.

The structure of this paper is as follows. Section 1 describes the framework, research
problem, and environment. Section 2 reviews the empirical research on the Sustainable
Development Goals in the aerospace industry. Section 3 presents a literature review of
the real options methodology’s application in several industrial sectors. In Section 4, the
new Enhanced and Efficient Earned Value Management (E2-EVM) model is presented
by highlighting its main contributions and benefits. Finally, Section 5 summarizes and
concludes this study, states its limitations, and provides directions for future research.

2. The Sustainable Development Goals in the Aerospace Industry

The aerospace sector is a technology and innovation-based industry in which techno-
logical knowledge has been applied in a massive way. According to the Spanish Association
of Technological Defense, Aeronautical and Space Companies [19], in 2019 the turnover
grew by 10.1% compared with 2018. The final volume of 2019 is a turnover of 13,400 million
euros, with a contribution of 7.3% of the gross domestic product in Spain. More than 78% of
this turnover belongs to civil and military aviation, which contributed 10,500 million euros.

COVID-19 has hit the manufacturing sector and the aerospace sector in particular.
The main contribution to addressing this crisis has been to guarantee the supply of essential
products that are needed at any given time and must be one of the pillars that drive the
economic recovery. At present, the sector is clearly identifying the engines that will enable
us to restart the economy and restore the production rates used before the pandemic [20].
Moreover, Airbus shared with its main contributor to the supply chain updated production
plans covering the 2023–2025 period [21].
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On the other hand, Boeing recently presented the recovery plan for its 737-Max aircraft
after the redefinition and new certification of some flight systems [22].

In the previous section, it was identified that the need for the aerospace industry to
adapt to SDGs plays an important role. Now, we would like to provide a more quantitative
argument that reinforces that statement. According to the International Standard Industrial
Classification of all Economic Activities, Revision 4 (United Nations, 2008), the activities
related to the aerospace industry are included in Section C (Manufacturing). In addition,
according to the Agencia Española de Cooperación Internacional para el Desarrollo [23],
the average number of SDGs related to the twenty-one economic sectors is 4.48, whilst
there are six SDGs related to the manufacturing sector (SDGs #3, #6, #8, #9, #12, and #17), a
figure that is clearly above the mean.

However, in this research, we focus exclusively on the aerospace industry, which is
specifically linked to four of these seventeen SDGs: #7 (Affordable and Clean Energy),
whose target is to ensure access to affordable, reliable, sustainable, and modern energy;
#9 (Industry, Innovation, and Infrastructure), which focuses on building resilient infras-
tructure, promoting inclusive and sustainable industrialization, and fostering innovation;
#12 (Responsible Consumption and Production), which focuses on ensuring sustainable
consumption and production patterns; and, finally, #13 (Climate Action), which focuses on
promoting urgent actions to address climate change and reduce its impacts.

In this section, we propose a relationship between the aerospace industry and the
aforementioned SDGs after a literature review, which is summarized in Table 1.

Table 1. Aerospace industry vs. Sustainable Development Goals. Source: Own elaboration.

SDG# SDG Description References Main Topics

7 Affordable and Clean
Energy [18,24,25]

In situ resources and
mission-critical
consumables for

propulsion

9 Industry, Innovation,
and Infrastructure [8,12,26–29]

Integration and
merging processes in
aviation: Building a

global system

12
Responsible

Consumption and
Production

[30–32]

Development of
aviation biofuels;

more sustainable test
systems

13 Climate Action [33–35]

Development of
complex products,

UAV use for
environmental

features applications,
the CFRP recycling

process

Related to the seventh SDG, some authors [24] point out that the aerospace industry
can provide an important reduction in the cost and risk by producing consumables for ex-
ploration beyond Earth. Others [25] have concentrated on empirically applying sustainable
development principles to the new radar of the European Space Agency (ESA) with the
goal of improving global governance and providing continuity of information, services,
knowledge, and data for users.

Regarding the improvement in Industry, Innovation, and Infrastructure (#9), the
authors in [26] consider the aviation sector to be an enabler of the global integration process
by implementing communications, strategic management, and advances in technology
around the world with a close interface with all other components of the system. Given the
interest in exploring the benefits of applying innovation and sustainable industrialization,
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a method for integrating a range of business practices into a common practice, merging
process integration, quality management, and supply chain management, is shown in [27]
for the Canadian aerospace manufacturer.

An attempt [28] was made to research the manufacturing process with Carbon-Fiber-
Reinforced Plastic (CFRP) material under the eco-efficiency criteria, reaching a new model
based on lifecycle product and cost analysis. More specifically, in [29] a process for evaluat-
ing and selecting a supplier is described within a new sustainable operations scenario in
the aerospace industry.

SDG #12 has been researched by the authors of [30], who deployed new automatic
test equipment and program sets based on reliability and maintainability concepts with a
key contribution to sustainability. In reviewing methodological issues, the authors in [31]
propose a concept of revolution in the aviation industry with the use of renewable jet fuels
produced from biomass.

Finally, some authors have contributed with an operational cost reduction for airlines
in Brazil through the use of aviation biofuels; currently, this cost represents a global average
of 33% [32].

Concerning Climate Actions (#13), the authors in [33] deployed in two multinational
aerospace companies new concepts and methodologies for complex products, achieving a
significant reduction in environment impacts and, therefore, a contribution to help with
climate changes. Another innovative proposal involves unmanned aerial vehicles (UAVs),
which can reduce the environment impact by making decisions based on a response to
potential fields generated by probabilistic maps [34]. More recently, the use of CFRP as a
basic material in aircraft–satellite structures has become a common practice in the aerospace
sector due to its light weight, mechanical capabilities, and corrosion behavior.

However, researchers [35] observed that these materials are difficult to recycle because
the recycling process must be performed under extreme conditions.

3. Real Options vs. Manufacturing Sectors

The real options literature has occupied the attention of numerous investigators.
Among them and for a general overview (#MIS) of the real options methodology, see
Arnold [36]. In addition, some scholars, such as Kodukula and Papudesu [37], have high-
lighted the “potential applications of real options in various industries, including aerospace,
automotive, banking, chemicals, consumer goods, electronics, insurance, medical prod-
ucts, oil and gas, pharmaceuticals, technology, telecommunications, transportation, etc.”
Specifically, in the aerospace industry, purchasing options to buy additional aircraft in
the future is a usual practice in the airline industry. Thus, if the expected payoff derived
from expanding their operations is higher than the purchase price of the aircraft (the strike
price), they will exercise the option (similarly to a call option).

Table 2 shows the relevant literature on the application of the real options methodology
to different representative industrial sectors.

In the #AER industrial sector, Peters [38] presents the so-called Datar–Mathews
method, which applies real options in order to decide whether Boeing invests or not in un-
manned vehicles taking into account that the market of these vehicles is very risky due to “a
huge dependence on technological developments, such as aviation control systems, remote
sensing, and global positioning”. The decision was made under the following assumptions:

• a direct R&D investment of USD 15 million for the implementation of the technological
developments in aviation control systems, remote sensing, and global positioning for
2 years;

• a one-time investment of USD325 million for the launch of the UAV; and
• a discount rate of 15%.
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Table 2. Literature on real options applications to industrial sectors. Source: Own elaboration.

# Industrial Sector
Description References Main Topics

MIS Miscellaneous [36,37]
General overview
and real options

applications

AER Aerospace [38–41]

Unmanned vehicles
projects, aircraft

purchase/ordering
decision-making

process

OGM Oil, Gas, and Mining [42–47]

Gold mines in North
America, natural

resources lifecycle
model

RDI
Research and

Development and
Innovation

[48–52]

Portfolio of projects,
simulation tool,
management of

uncertainty

STM Strategic
Management [53–56]

Flexibility in teams,
multinational

corporations, the
supply contracts

process, price
uncertainty

INB Infrastructure and
Building [57–59]

Public–private
investments and
partnerships, net

present value
enhancement

ITE
Information

Technologies and
Entrepreneurship

[60–66]

Technology
investment, the

volatility parameter,
entrepreneurship and

strategic resources

Although the estimated Net Present Value (NPV) was negative (−USD19 million),
the managers decided to ignore this indicator as they were convinced they had the flexibility
to respond to the uncertainties in the market. The Datar–Mathews method takes into
account the market uncertainty for the NPV analysis. In effect, three different scenarios
(optimistic, most likely, and pessimistic) were provided by the managers, giving rise to
a triangular distribution for each period. With these probability distributions, managers
are able to perform a Monte Carlo simulation in order to obtain the distribution of the PV.
Observe that, in this case, any other distribution of the Program Evaluation and Review
Techniques (PERT) could be used (for example, a beta distribution). For more details on
the calculations, see Mathews [39].

Raynor [40] uses real options to analyze the AlliedSignal Corporation (Allied), a
USD15 billion traditional and diversified firm competing primarily in the aerospace indus-
try, with divisions in the chemical, automotive, consumer product, and defense industries.
On the other hand, Wang et al. [41] identify the characteristics of the aerospace industry
and compare the traditional and modern (strategic) views of capacity planning.

Regarding the #OGM industrial sector, we can find several research studies and
applications, such as [42], which applied real options with a new database concept for
making decisions in open/closed gold mines in North America. Cortazar and Casassus [43]
developed a new model, giving numerical solutions with consideration of different stages
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with finite resources and a finite capacity. It was applied by taking into account the
natural resources lifecycle model. In [44], a new technique was presented for evaluating
investments for natural resource projects under certain uncertainties in future revenues.
A new approach is described in [45] for evaluating oil properties that combines two
methodologies: a decision analysis based on stochastic dynamic programming; and the
pricing theory based on financial markets. In addition, the real options methodology has
been applied to manage more efficiently the inventories of work-in-progress and final
products [46]. Finally, in [47] the investment decision process is applied to the scrapping
industrial process.

In the Research, Development, and Innovations fields (#RDI), there have been some
significant applications of the real options methodology. MacMillan and McGrath [48]
affirmed that the appropriate management of three types of real options can be conducive
to obtaining a portfolio of projects that will deliver today’s profit and tomorrow’s growth.
McGrath and MacMillan [49] applied real options in funding projects because the method-
ology significantly increases the opportunities to keep the cost at acceptable levels and
reduces the risk at the same time. On the other hand, the authors in [50] explore the
reduction of time in the execution of a project by using a real options valuation based on a
sequential exchange option. Another innovative study analyzed the impact of the invest-
ment cost in two firms dedicated to innovation services. This impact was defined with
the real options methodology by establishing some differences between these companies
and their competitors [51]. A simulation tool was implemented to evaluate patents and
patent-protected R&D projects through a real options approach. The important improve-
ment of [52] is the management of uncertainty in several respects, such as cash flows and
the estimation of the completion of the project. This study also establishes an alert warning
system in the project when it turns out that the cost will be larger than scheduled.

Focusing on the Strategic Management Sector (#STM), there are some significant
articles to mention. The real options methodology has been revised from the strategic
management point of view, showing new ways of working through the reduction of
tensions and increasing the flexibility of teams [53]. Tong and Reuer [54] report the
application of the real options methodology in multinational corporations, giving a new
approach consisting in the coordination of costs surrounding international operations.
In [55], it is shown that the use of the real options approach does not always result in a
benefit. In this case, the article describes problems associated with an investment in a R&D
project after the application of real options. Li and Kouvelis [56] also applied real options
in the valuation of different types of supply contract processes. Common and standard
variables in this type of contract are time, cost, flexibility, and quality. All of them can be
modified with this new approach, and the uncertainty in the final price of the order always
remains under control.

In the Infrastructure and Building (#INB) sector, we can also find some studies, such as
that of Power et al. [57], who investigate new partnerships in this sector by combining pub-
lic and private investments through strategic options embedded in contracts. This approach
is feasible as this new relationship gives benefits to both parties. On the other hand, [58]
shows that the early termination of public–private partnerships in large infrastructure
projects frequently occurs because the management of risk is not properly considered.
The application of the real options methodology could improve this relationship. The
traffic demand in the Indian highway sector is considered a critical risk; for this, real
options are used to improve this problem by making an analogy to financial options, i.e.,
using in this real-life case study the binomial lattice method indicates an enhancement to
the net present value of the project [59].

We also found relevant studies when delving into Information Technologies and
Entrepreneurship (#ITE), such as the use of real options to add value in the investment
decision process under an uncertainty framework [60]. Benaroch merged in his research
different parameters (scope, cost, stakeholder management, chronograms, and flexibility)
by designing a new model to maximize the value of a technology investment [61] and
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applied this model to an electronic banking network in New England [62]. A combination
of the real options methodology, with a growth rate and a volatility parameter, and capital-
budgeting techniques was applied by Schwartz and Moon to an internet company [63].
The collaborative innovation way of working is significantly used in entrepreneurship
and strategic companies. Their knowledge, expertise, and opportunities can be improved
through the use of the real options theory, supporting the process of evaluation of innova-
tive ideas [64]. There are two major competing procedures for evaluating risky projects in
which managerial flexibility plays an important role: one is a decision analysis based on
stochastic dynamic programming and the other is the option pricing theory (or contingent
claims analysis) based on the no-arbitrage theory of financial markets [65]. Finally, Ireland
et al. [66] combined opportunity and advantage-seeking behaviors in the management of
strategic resources and in the development of innovations.

4. Defining the Enhanced and Efficient Earned Value Management (E2-EVM) Model:
An Application of Real Options to the Aerospace Industry

Nowadays, all economic sectors in a country must be oriented towards the fulfillment
of the well-known SDGs. Indeed, this is an unstoppable tendency. However, depending on
the specific country, some sectors can be made to satisfy certain sustainable requirements
according to appropriate domestic and/or international regulations. However, most
companies are becoming more aware of environmental problems and will take the initiative
to undertake sustainable projects. Undoubtedly, these companies will be able to obtain
a competitive advantage derived from their own strategic decisions and based on their
operational flexibility (see Figure 1). This is the added value that this section aims to
determine when calculating the net present value of a project endowed with such flexibility.

Sustainability 2021, 13, x FOR PEER REVIEW 8 of 17 
 

We also found relevant studies when delving into Information Technologies and 
Entrepreneurship (#ITE), such as the use of real options to add value in the investment 
decision process under an uncertainty framework [60]. Benaroch merged in his research 
different parameters (scope, cost, stakeholder management, chronograms, and flexibility) 
by designing a new model to maximize the value of a technology investment [61] and 
applied this model to an electronic banking network in New England [62]. A combination 
of the real options methodology, with a growth rate and a volatility parameter, and cap-
ital-budgeting techniques was applied by Schwartz and Moon to an internet company 
[63]. The collaborative innovation way of working is significantly used in entrepreneur-
ship and strategic companies. Their knowledge, expertise, and opportunities can be im-
proved through the use of the real options theory, supporting the process of evaluation of 
innovative ideas [64]. There are two major competing procedures for evaluating risky 
projects in which managerial flexibility plays an important role: one is a decision analysis 
based on stochastic dynamic programming and the other is the option pricing theory (or 
contingent claims analysis) based on the no-arbitrage theory of financial markets [65]. 
Finally, Ireland et al. [66] combined opportunity and advantage-seeking behaviors in the 
management of strategic resources and in the development of innovations. 

4. Defining the Enhanced and Efficient Earned Value Management (E2-EVM) Model: 
an Application of Real Options to the Aerospace Industry 

Nowadays, all economic sectors in a country must be oriented towards the fulfill-
ment of the well-known SDGs. Indeed, this is an unstoppable tendency. However, de-
pending on the specific country, some sectors can be made to satisfy certain sustainable 
requirements according to appropriate domestic and/or international regulations. How-
ever, most companies are becoming more aware of environmental problems and will 
take the initiative to undertake sustainable projects. Undoubtedly, these companies will 
be able to obtain a competitive advantage derived from their own strategic decisions and 
based on their operational flexibility (see Figure 1). This is the added value that this sec-
tion aims to determine when calculating the net present value of a project endowed with 
such flexibility. 

 
Figure 1. Overview of the aerospace industry. Source: Own elaboration. Figure 1. Overview of the aerospace industry. Source: Own elaboration.

In projects appraisal, the well-known Net Present Value (NPV) method consists in
amounting, at instant 0, the present value of cash flows expected at the end of all periods
included in the projected duration of the involved investment:

NPV = −I0 +
n

∑
k=1

Qk(1 + ik)
−k + Vn(1 + in)

−n, (1)

where:

• I0 is the initial investment that is necessary to carry out the project,
• n is the expected duration of the project,
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• Qk is the cash flow expected at time k (k = 1, 2, . . . , n),
• ik is the interest rate corresponding to period k (k = 1, 2, . . . , n), and
• Vn is the residual value of the project expected at time n.

Despite its simplicity, Equation (1) is mostly used in contexts in which a valuation
process is required. However, it is necessary to take into account the fact that, in the best-
case scenario, it is not possible to estimate the duration of the investment and, moreover,
there is a lot of uncertainty when eliciting the distribution functions of the cash flows and
the residual value. Finally, the use of different rates of interest requires prior knowledge of
the yield curve. Therefore, the only parameter of Equation (1) known with certainty is the
initial investment.

For all these reasons, we are going to simplify Equation (1) by assuming that the inter-
est rate is constant. Moreover, by removing the residual value, this expression remains as:

NPV = −I0 +
n

∑
k=1

Qk(1 + i)−k. (2)

Apart from the aforementioned limitations of the NPV, derived from the lack of
information about the involved variables, there is another characteristic of the project that
could be included in the classical expression of the NPV, i.e., its ability to be adapted to
future circumstances affecting the management of the project. In other words, the potential
flexibility of the project is not included in the expression of the NPV. Each side of this
flexibility is called a real option. For example, we can cite (the list is not exhaustive) the
option to defer [67], expand [68], reduce [69], or abandon the project [70].

The theory of real options aims to incorporate the flexibility of a project into the
traditional expression of its NPV, giving rise to a new NPV. Observe that the traditional
NPV is a kind of “picture” of the project at time 0, whereby it will be labeled as “static NPV”.
On the contrary, the NPV including real options quantifies the ability of the project to be
adapted to future contingencies, whereby it will be labeled as “dynamic NPV”. Logically,
the so-defined NPVs satisfy the following inequality:

Dynamic NPV > Static NPV. (3)

Obviously, the value of the real option shown by the project will be the difference
between the former NPVs, that is to say,

Value of the real option = Dynamic NPV−Static NPV. (4)

It is evident that real options make more sense in innovative industries such as the
aerospace sector, where the volatility of returns is higher. In what follows, we will write
Equation (2) in the following way:

NPV = −I0 + V0, (5)

where V0 is the Present Value, defined by:

V0 =
n

∑
k=1

Qk(1 + i)−k. (6)

In the rest of this paper, we will assume that, in order to depict the possible evolution
of V0, it must be multiplied by an upward coefficient, denoted by u, and by a downward
coefficient, denoted by d, giving rise to a binomial tree. Figure 2 shows the binomial tree
for two periods with the probabilities associated with each scenario.



Sustainability 2021, 13, 6717 10 of 17

Sustainability 2021, 13, x FOR PEER REVIEW 10 of 17 
 


=

−+=
n

k

k
k iQV

1
0 )1( . (6) 

In the rest of this paper, we will assume that, in order to depict the possible evolu-
tion of 0V , it must be multiplied by an upward coefficient, denoted by u, and by a 
downward coefficient, denoted by d, giving rise to a binomial tree. Figure 2 shows the 
binomial tree for two periods with the probabilities associated with each scenario. 

Instant 0  Instant 1  Instant 2  Probabilities 
    0

2: VuV =++   2p  
       
  0: uVV =+      
       
0V     0: udVV =−+   pq2  
       
  0: dVV =−      
       
       
     0

2: VdV =−−   2q  

Figure 2. Binomial tree for two periods. Source: Own elaboration. 

The following items exhibit the relationships between the variables involved in 
Figure 1: 
• Upward coefficient: }exp{σ=u , where σ is the volatility of returns in the industry. 

• Downward coefficient: 
u

d 1= . 

• Probability of the upward scenario: 
du

dr
p f

−
−+

=
)1(

, where fr  is the risk-free in-

terest rate. 
• Probability of the downward scenario, pq −= 1 . 

The steps to determine the value of a real option are the following: 
• Step #1: Determine the parameters involved in Figure 1. 
• Step #2: Calculate the static NPV. 
• Step #3: Calculate the NPV by assuming the real option and by only considering the 

favorable scenarios, that is to say, the dynamic NPV. 
• Step #4: Calculate the value of the real option as the difference between the results 

derived from steps #3 and #4 (see Equation (4)). 
The aim of this paper is to apply the methodology of real options to the aerospace 

industry and, more specifically, the model defined by Meléndez Rodríguez et al. [71], to 
certain variables involved in the so-called Enhanced Earned Value Management (E-EVM) 
model [72], giving rise to the so-called Enhanced and Efficient Earned Value Manage-
ment (E2-EVM) model, which will incorporate the capacity of the project to be adapted to 
the  Sustainable Development Goals. That is, there are a lot of persistent airborne ap-
plications and some new ones for which lighter-than-air hybrid vehicles are a real option, 
as indicated by the Royal Academy of Engineering and Royal Aeronautical Society [73]. 
On the other hand, Casault [74] claims that “[d]ue to its strong hierarchical structure, the 
aerospace and defense sector was targeted as an ideal test-bed candidate for the use of 
real options pricing of innovation”. 

4.1. The Model 

Figure 2. Binomial tree for two periods. Source: Own elaboration.

The following items exhibit the relationships between the variables involved in Figure 1:

• Upward coefficient: u = exp{σ} , where σ is the volatility of returns in the industry.
• Downward coefficient: d = 1

u .

• Probability of the upward scenario: p =
(1+r f )−d

u−d , where r f is the risk-free interest rate.
• Probability of the downward scenario, q = 1− p.

The steps to determine the value of a real option are the following:

• Step #1: Determine the parameters involved in Figure 1.
• Step #2: Calculate the static NPV.
• Step #3: Calculate the NPV by assuming the real option and by only considering the

favorable scenarios, that is to say, the dynamic NPV.
• Step #4: Calculate the value of the real option as the difference between the results

derived from steps #3 and #4 (see Equation (4)).

The aim of this paper is to apply the methodology of real options to the aerospace
industry and, more specifically, the model defined by Meléndez Rodríguez et al. [71],
to certain variables involved in the so-called Enhanced Earned Value Management (E-EVM)
model [72], giving rise to the so-called Enhanced and Efficient Earned Value Management
(E2-EVM) model, which will incorporate the capacity of the project to be adapted to the
Sustainable Development Goals. That is, there are a lot of persistent airborne applications
and some new ones for which lighter-than-air hybrid vehicles are a real option, as indicated
by the Royal Academy of Engineering and Royal Aeronautical Society [73]. On the other
hand, Casault [74] claims that “[d]ue to its strong hierarchical structure, the aerospace and
defense sector was targeted as an ideal test-bed candidate for the use of real options pricing
of innovation”.

4.1. The Model

The need for the aerospace industry to adapt to SDGs has been justified in Table 1.
Therefore, the aerospace sector must invest strongly in trying to achieve the SDGs related to
its economic activity. At the beginning, this kind of investment is an option for companies
but investing in sustainable development is a way to improve their image, open new
markets, and, consequently, attract new clients. Moreover, do not forget that some of the
incremental investment would be subsidized by the central government of each country.
To summarize, investing in the achievement of the SDGs related to the aerospace industry
is an option to expand its economic activity via innovative investments.

Beyond this, the next step would be to identify the variables involved in the analysis
of this specific option. According to López Pascual et al. [72], the most suitable variables
for the treatment of options in this context are the following (extracted from the so-called
Enhanced Earned Value Management (E-EVM) model):

1 The Earned Value (denoted by EV), given by the following equation:
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EV = Project progress × Planned Value. (7)

2 The original project budget, called the Budget at Completion (BAC).

With respect to the volatility of the aerospace industry, we can use this parameter
generated by the so-called Dow Jones U.S. Aerospace and Defense Index. The annual
volatility of this index is 18.36%. Another way to determine the volatility is by means of a
Bayesian analysis. In effect, if we have the pessimistic (EVp), optimistic (EVo), and more
likely (EVm) values of the earned value, we can obtain the volatility (variance):

σ2 =
(EVo − EVp)− (EVm − EVp)(EVo − EVm)

18
, (8)

if the variable EV follows a triangular distribution, and:

σ2 =
(EVo − EVp)2

36
, (9)

if the variable EV follows a beta distribution, used in the PERT methodology.
Having estimated the volatility to be applied to the methodology of options, we

have to estimate the incremental budget at completion (BACE), which is necessary to the
fulfillment of certain SDGs. Moreover, this incremental investment is going to generate an
additional rate x of cash flows (given by the variable EV). Thus, the EV of the project with
the option to expand included is given by the discounted mathematical expectation of the
following random variable:

PV∗ =


V0u2 + max

{
−BACE + V0u2x, 0

}
, with probability p2

V0ud + max{−BACE + V0udx, 0}, with probability 2pq
V0d2 + max

{
−BACE + V0d2x, 0

}
, with probability q2

(10)

where V0 is thepresentvalueof theprojectwithout theoptiontoexpand. Finally, NPV∗ : = − BAC0 +
PV∗ is the net present value of the investment including the option to expend, where BAC0 is the
budget at completion at time 0.

Obviously, the use of the just-defined new variables EV∗ and BACE is the conceptual
basis of the novel Enhanced and Efficient Earned Value Management (E2-EVM) model
introduced in this manuscript.

4.2. A Numerical Example

For the sake of simplicity, we are going to assume a project of three years’ duration.
The planned value at the end of the project is 1,932,240 euros. An expert has been asked to
provide an optimistic, a pessimistic, and the most likely values of the earned values (EV) at
the end of each year. The information is displayed in Table 3.

Table 3. Earned values at the end of each year. Source: Own elaboration.

Values (€) Year #1 Year #2 Year #3

Optimistic 713,400 1,090,680 1,541,580
Pessimistic 704,700 1,081,620 1,534,080
Most likely 712,020 1,089,300 1,540,200

Taking into account that the earned values are cumulative figures, we are going to
calculate the cash flows generated at the end of each year as the difference between an
earned value and the former one, giving rise to the result shown in Table 4.
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Table 4. Cash flows generated at the end of each year. Source: Own elaboration.

Values (€) Year #1 Year #2 Year #3

Optimistic 713,400 377,280 450,900
Pessimistic 704,700 376,920 452,460
Most likely 712,020 377,280 450,900

By using the expression of the mean in a triangular distribution, we calculated the
average cash flows of each year and then the volatility implicit in the duration of the project
(30.10%). Before continuing the development of this numerical example, we are going to
determine the static present value of the project by discounting the formerly calculated
average cash flows (with a risk-free interest rate of 3%):

PV = 1,796,894.77 euros.

The following parameters are necessary to construct the binomial tree of this project:

• u = exp{σ} = exp{0.3010} = 1.3512.
• d = 1

u = 0.74.

• p =
(1+r f )−d

u−d = 1.03−0.74
1.3512−0.74 = 0.4745.

• q = 1− p = 0.5255.

Therefore, the binomial tree is as displayed in Figure 3.
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On the other hand, the budget at completion of this project is 672,000 euros. Now, for
the fulfilment of sustainable development goals, the company has the option to expand
the project in the third year by making an additional investment of 600,000 euros. As a
consequence of the increase in the awareness of its clients, the company expects to earn
25% more. The new binomial tree is displayed in Figure 4.
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Therefore, the dynamic NPV is 2,020,227.60 euros and the value of the option to
expand is 2,020,227.60−1,796,894.77 = 223,332.83 euros. Observe that an increase in the
NPV will facilitate the decision-making in favor of a more sustainable investment.

As a final view and for further clarification, Table 5 shows the correspondence between
the parameters of the generic real options and the just-defined E2-EVM model.

Table 5. Main parameters of real options and the E2-EVM model. Source: Own elaboration.

General E2-EVM

Initial Investment I0 BAC0 Budget at Completion

Cash Flow Qk EV0 Earned Value

Net Present Value NPV EV∗ Earned Value +
Option to Expand

5. Conclusions, Limitations, and Future Research

Traditionally, the well-known Earned Value Management (EVM) model has been used
by the aerospace industry when monitoring the degree of fulfillment of the different tasks
and phases that compose the construction of an airplane. The analysis of the existing
literature on this topic has shown the introduction of several extensions of this model, such
as ESM [75–77], EDM [78], QEVM [79], E-EVM [62], and ZEVM [80]. One of them, the
so-called Enhanced Earned Value Management (E-EVM) model, is a recent complement of
the EVM in such a way that all the parameters involved in this methodology are considered
in terms of both time and money [71,72]. This is a noteworthy variant of the EVM because
the E-EVM allows us to visualize delays in the completion of tasks and also estimate the
provisional gains and losses at each stage of the analyzed project.

However, none of the aforementioned extensions, the E-EVM model included, has
taken into account the flexibility of the project to be adapted to the fulfillment of the well-
known Sustainable Development Goals promoted by the United Nations. Indeed, this is
an important feature of the aerospace industry, whose contribution to air contamination is
very high. Nevertheless, it should be pointed out that this sector is making a huge effort to
research clean energy as an alternative to fossil fuels [81,82].

The above paragraphs justify the proposal, in this paper, of the novel Enhanced and
Efficient Earned Value Management (denoted E2-EVM) model, which is a novel extension of
the EVM and, more specifically, of the E-EVM, which takes into account the flexibility of the
project to be adapted to the SDGs directly linked to the aerospace industry. Consequently,
apart from the anticipated diagnosis of potential delays and losses incurred by the project,
the E2-EVM incorporates in its parameters (specifically, the Earned Value, EV) the flexibility
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of the project to be adapted to the recommended SDGs, thus contributing to a more modern,
efficient, and sustainable sector.

Obviously, the flexibility of a project must be described by using real options. This pa-
per is not an exemption and provides a detailed description of the steps to be followed in
order to implement this methodology into the assessment of the efficiency from a sustain-
able point of view. Therefore, this study represents a novel approach that also can help
revisit existing literature on the topic.

We would also like to highlight some limitations of this study due to the very specific
characteristics of the aerospace sector. The full industrial implementation of the SDGs
will require the application of time-consuming processes by the European Aviation Safety
Agency (EASA) and the Federal Aviation Administration (FAA) [83,84].

Further research is desirable and feasible, especially with respect to exploring the
Bayesian inference methodology [85] in order to improve the accuracy of the decision-
making process and add the judgments of experts related to this aerospace sector. In
addition, the production systems in this industry are always pursuing the “zero defects”
target. It will be important to make efforts to further research the significant improvement
of the model described in this article through incorporation of “learning curves” effects to
increase the global performance of the project.
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