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Currents of Change: Social-Environmental
Valuation of Electric Ships for Sustainable Passenger

Transport

Abstract

Air and maritime transport services enable mobility and economic and social
development, but they have significant environmental impacts. To reduce carbon
emissions, there is a growing trend towards adopting electric ships for short-
distance passenger transport. Nonetheless, there is a lack of appropriate
valuation frameworks. This paper proposes a framework specifically tailored for
evaluating investments in electric ships, considering the economic,
environmental, and social impacts. Using the Azores as an empirical case study,
the results revealed that investing 25 million euros in electric ships yields a
significantly positive impact on social welfare (1,906 million euros). For long-
distance travel, maritime transport's impact on social welfare is diminished,
making it less suitable. Embracing electric ships can unlock new possibilities for
enhancing social welfare and sustainability. The contribution of this paper lies in
its unique approach, as very few frameworks enable the comprehensive social-
environmental valuation of green investments.

Keywords: electric ships; social welfare; sustainable transport; maritime
transport; environment; Azores
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1 Introduction

Sustainable development is crucial for achieving economic, social, and
environmental sustainability. The ultimate objective of sustainable development
is to meet present needs while safeguarding the ability of future generations to
meet their own needs (World Commission on Environment and Development,
1987). However, the increasing emissions of carbon dioxide and greenhouse
gases generate climate change and global warming, posing a significant
challenge to sustainable development (Rehman, Ma, Ahmad, Irfan, Traore &
Chandio, 2021). Despite efforts to promote sustainable practices, technological
innovation, exports, and output continue to exacerbate CO2 emissions (Dou &
Li, 2022). A substantial infusion of green investments is essential to transition
towards a low-carbon green economy and facilitate affordable access to clean
and renewable energy sources.

Bogacheva and Smorodinov (2017) highlight various barriers that hinder
bridging the gap between green economy and investment opportunities. Some of
these barriers include poor selection of green projects, management ability,
ecological externalities, maturity mismatch, few tools and knowlegde to assess
risks associated with green projects, and absence of regulatory and legal
frameworks specifically tailored for green finance. To encourage green
investments, new financial instruments and policies must be developed (Sachs,

Woo, Yoshino, & Taghizadeh-Hesary, 2019).



Transport services are pivotal for driving socio-economic development
(Bellizzi, Eboli, & Mazzulla, 2020). In coastal areas and islands, air and
maritime transport play a vital role in facilitating mobility for various purposes,
including healthcare, education, business, and tourism. However, the transport
sector also contributes significantly to pollution, carbon emissions, and other
adverse social and environmental impacts (Spagnolo, Papalillo, Martocchia, &
Makary, 2012; Viana, Hammingh, Colette, Querol, Degraeuwe, Vlieger, &
Aardenne, 2014; Schafer & Waitz, 2014; Ricardo-AEA, 2014; Daley, 2016).
The economic significance of maritime transport has profound implications for
the social and environmental dimensions, especially in port regions (Stankovic,
Marjanovié¢, Papathanasiou, & Drezgi¢, 2021).

To ensure sustainable development, adopting green and sustainable solutions
in the transport sector is imperative (Reisi, Sabri, Agunbiade, Rajabifard, Chen,
Kalantari, Keshtiarast, & Li, 2020). Governments, industry players, and
remaining stakeholders need to adopt sustainable policies, practices, and
solutions to achieve sustainable development in the maritime industry (Essel,
Jin, Bowers, & Abdul-Salam, 2022). Nonetheless, imposing mandatory
regulations and laws to reduce carbon emissions may raise the cost of travel
(Vidovi¢, Simunovi¢, Radica, & Penga, 2023). To enhance maritime sector
decarbonization across the European Union and achieve the carbon neutrality
goals of the European Green Deal by 2050 (European Commission, 2019), the

European Commission has introduced the FuelEU Maritime program. The main



goal is to reduce carbon emissions from the European maritime transport sector
(European Commission, 2021).

In recent years, the literature has extensively studied the importance of green
infrastructural and transport solutions to enhance sustainability, reduce carbon
emissions, reduce independence from foreign energy, and support energy
independence, focusing on environmental impacts, technology, technical
processes, construction methods, and evaluation models, as stated by Jansuwan,
Liu, Song, and Chen (2021) and Lin, Dai, Wang, and Fu (2022).

The literature also presents several relevant case studies. For instance, Melo,
Teotdnio, Silva, and Cruz (2020) examined the economic value of investing in
green road tunnels in Portugal using cost-benefit analysis. Ma, He, Ma, and Xia
(2017) presented a case study of green transportation planning in Suzhou
Industrial Park, China, using the Analytic Hierarchy Process (AHP). Vuki¢,
Jugovi¢, Guidi, and Oblak (2020) assessed maritime transport routes between
China and Central Europe, considering both transport and external costs through
data envelopment analysis. Schinas, Ross, and Rossol (2018) proposed a
financing model for green ships via export credit schemes, incorporating real
data from three major cruise companies. Gore, Rigor-Miller, and Coughlan
(2022) investigated the cost-effectiveness of four alternative fuels for maritime
transportation in Ireland.

According to Spagnolo, Papalillo, Martocchia, and Makary (2012), adopting
new ships with zero environmental impact is feasible. Electric ships present a

sustainable alternative to gasoline-powered ships (Hemez, Chiu, Ryan, Sun,



Dubrow, & Pascucilla, 2020) and have significant potential in passenger and
goods transportation while meeting environmental requirements (Guellard,
Montgros, Barriere, Wolfensberger, & D’Oliveira, 2013). Win, Cook, and
Davidsdottir (2023) found that renewably fueled electric ships exhibit
substantially lower externalities. Simona, Silvia, and Paolo (2019) observed the
successful use of electric ships in tourist areas across Europe. The authors
emphasize critical factors for the success of electric ships, including policies that
promote technological advancements and attract sufficient investments through
subsidy policies.

Among the various models available to assess green investments, such as
cost-benefit analysis (European Commission, 2014; Chaudhuri, Ray, & Ganesh-
Kumar, 2018; Forsyth, 2021), Real Option Analysis (ROA) is deemed the most
suitable for project valuation under uncertainty and management flexibility to
make decisions along the way (Trigeorigis, 1995; Brach, 2003; Mun, 2006;
Putten & MacMillan, 2014; Trigeorigis & Reuer, 2017; Zheng & Jiang, 2023).
ROA allows for the estimation of the Net Present Value (NPV) for immediate
investment and the option value of delaying investment until an optimal time
when uncertain factors are resolved.

Vo and Le (2017) explain that uncertainty and irreversibility decrease the
incentive for immediate investment and increase the motivation to wait. The
uncertainty has been further heightened following the Covid-19 pandemic
(Pudney, Mills, & Mudunuri, 2020). Additionally, investment in climate change

adaptation and mitigation is characterized by uncertain future payoffs and



irreversible costs (Ginbo, Corato, & Hoffman, 2020). Thus, new sources of
uncertainty, such as scientific, regulatory, and socio-economic factors, must be
considered when evaluating green investments (Heal & Millner, 2014), posing
significant challenges in their evaluation and planning.

Given the substantial impacts of investment in electric ships on various
stakeholders, including residents, tourists, firms, and the government, a
comprehensive valuation framework should incorporate all economic, social,
and environmental benefits and costs associated with these stakeholders
(Pimentel, Azevedo-Pereira, & Couto, 2012; European Commission, 2014;
Couto, Pimentel, & Oliveira, 2022). Although some studies have already
assessed investments in the transport sector from a social welfare perspective
using ROA (e.g., Couto, Pimentel, & Oliveira, 2022), not all impacts, especially
environmental ones, have been fully accounted for. A systematic review of real
options studies on climate change adaptation and mitigation conducted by
Ginbo, Corato, and Hoffman (2020) revealed that climate-driven uncertainty has
not been adequately addressed. Moreover, Davarzani, Fahimnia, Bell, and
Sarkis’s (2016) review on green ports and maritime logistics literature also
revealed that new research should be developed to help practitioners and
governments adopt new green solutions for maritime operations.

Singh, Dwivedi, and Pratap (2023) sustain that cost analysis related to
maritime decarbonization is a topic that deserves more attention from the
literature. Despite the benefits of green solutions and technologies for maritime

decarbonization and sustainable development, they usually carry high



investment costs, generating conflicting relations between environmental,
technological, and economic parameters, which require valuation frameworks to
assess their feasibility for multiple stakeholders (Wu, Huang, Wang, Zhen, &
Shao, 2023; Vidovié, Simunovi¢, Radica, & Penga, 2023).

To fill this gap, this study introduces a valuation framework for assessing the
socio-environmental value of investing in electric ships for short-distance
maritime passenger transport from a decision-maker perspective whose goal is
to maximize social welfare. The valuation framework incorporates demand
uncertainty, represented by a stochastic process with random negative jumps
caused by events such as pandemics or extreme environmental occurrences,
following recent studies in the ROA field. As a novelty, socio-environmental
impacts are integrated, standing the polluter pays principle and making it
possible to account for the environmental benefits and costs of electric ships
compared to alternative transport modes. The valuation framework is relevant
for increasing electric ship investment at the optimal time, enhancing

socioeconomic development, maritime decarbonization, and sustainability.

2 Valuation Framework

To assess the social welfare value of investing in electric ships while
considering socio-environmental impacts, the frameworks proposed by Pimentel
(2009), Pimentel, Azevedo-Pereira, and Couto (2012), Couto, Nunes, and

Pimentel (2015), and Pimentel, Nunes, and Couto (2018) are extended. The



valuation framework is expanded to include additional social-environmental
benefits and costs following the polluter pays principle of the European Green
Deal. To account for a specific source of uncertainty, a stochastic process with
jumps is incorporated into the model. The primary goal of the valuation
framework is to optimize social welfare and enhance sustainability by reducing
externalities, allowing optimal decisions from decision-makers whose ultimate
goal is to maximize social welfare. The main proposition of this study is that
electric ships have a positive impact on social welfare due to environmental cost
savings, even considering their investment and operating costs.

The valuation framework assumes that passengers have the option to choose
between two transport services for their mobility needs. In this case, air and
maritime transport services will be the available options for users. While air
transport offers quicker service, it comes with longer boarding waiting times and
associated socio-environmental costs. Both air and maritime services may be
subject to Public Service Obligations (PSO), with subsidies provided to service
providers to reduce travel costs for users.

In this valuation framework, it is implicitly assumed that direct flights
between destinations are available. Users have the choice between air and
maritime transport, and competition between these modes of transport is
considered in the parameters of the stochastic demand process. Passengers will
opt for maritime transport if they derive at least the same level of utility as air

transport. To maintain similar levels of utility for passengers, economic,
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environmental, and social impacts generated by each user must be comparable
between the two transport services.

The primary source of demand uncertainty is modeled as following a
geometric Brownian motion process, which is a standard approach in the Real
Options Analysis (ROA) literature. To account for the occurrence of random and
unexpected events such as pandemics, economic crises, and extreme
environmental incidents, Poisson jumps are combined with the geometric
Brownian motion process (see Dixit and Pindyck, 1994):

dx; = px.dt + o.x.dw, + ux.dn, (1)

In Equation (1), i, represents the demand growth rate, p, is the constant
standard deviation of the demand growth rates over time. The Wiener process
(w,) has a zero mean and a standard deviation of o,v/dt. The process n, is the
Poisson process with a rate of A,,, and u represents the value of jumps.

The valuation framework takes into account the costs borne by passengers for
each transport service (air and maritime), which include travel time, fares, and
the associated socio-environmental impacts of each service.

V, represents the function value of each passenger for the air transport service
(the alternative transport service):

Volxy) =m; — BoxfB — aoxf"‘ -7 (2)

In Equation (2), m, represents the disposable income per user at each time,
ﬁoxf Fand aoxf“ represent the functional forms for the value of travel time
(VTT) and fare, respectively (following Pimentel, Azevedo-Pereira, and Couto

(2012) and related works). 7, represents the socio-environmental costs per user.
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85 is the elasticity between VTT and the demand, while 8 is the scale parameter
linking the two. &, is the elasticity, and « is the scale parameter between the fare
value and the demand (Pimentel, Azevedo-Pereira, & Couto, 2012).

I/, represents the function value of each passenger for the maritime transport

service using electric ships:

s ¢ Py
Vl(xt)=mt+o_.81xtﬂ_w_ PR (3)
t Xt

In Equation (3), m, remains the individual disposable income, ﬁleﬁ
represents the functional form for VTT, o represents the variable operating costs
per passenger, y represents investment expenditures, and ¢ represents fixed
operating costs. The newly introduced variables o, t,, and 7, were not included
in previous related works. o represents the subsidy per passenger, as per the
PSO. The subsidy helps offset the operating costs for each passenger. 7,
represents the socio-environmental cost generated by each passenger using
electric ships.

The function V; does not include fares because it is assumed that passengers
will bear all costs, including the socio-environmental costs, after subsidies.
Therefore, the socially acceptable fare is implicitly included and should not be
duplicated in the valuation.

In this valuation framework, it is assumed that all impacts will persist on
perpetuity. No construction time is involved.

It is expected that 7, will be smaller for electric ships compared to regular

ships, given their environmentally friendly nature.
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To calculate the net benefits generated by electric ships and obtain the
opportunity value v(x), the objective function of Ramsey-Koopmans is
employed:

v(x) = fo ooe‘ptE[Vl(xt) — Vo(xp)]dt (4)

The goal of the model is to find the demand threshold x* that optimizes
investment value and timing. The demand threshold is the one that will
maximize v(x). For that, substituting V,(x;) and V; (x,) on Equation (4)
according to Equations (2) and (3), and using dynamic programming techniques
presented in the literature (Dixit & Pindyck, 1994; Couto, Nunes, & Pimentel,
2015; Pimentel, Nunes, & Couto, 2018), it is possible to reach the following

equation:
() = f e P [(Bo — B E(x%F) + aoEx (x%) — ¢ — py — wEy(x)
0

+ 7 E, (x) — 13E, (x) + 0E, (x)]dt

_ 2(Bo — B (x")°F
2p — 2u,65 — 0}02 + 0507 — 22,(1 + )6 + 22,

4 2ap(x")% @
2p — 21,8, — 0202 + 6,02 — 22,(1 + )b« + 24, p

w w(x7) 7 (x7)
p—ly =AU p—py—=Au p—y—Ayu
@) L o)
p_ﬂx_luu p_ﬂx_)'uu

—y -

with

0a=1+6a (7)

Simplifying, the following equation is obtained:
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v(x*) = A% + B(x)P« + C+ D+ F(x*) + G(x*) + H(x*) + I(x*) (8)

where
A 208 — 1) o
2p — 2u,65 — 0302 + 0g0% — 22, (1 + )% + 22,

2a
B = 10
2p — 21,0y — 0202 + 0,02 — 22,(1 + u)ba + 22, (10)

%
C=—-— 11
p (11)
b=-y (12)
F= @ (13)

P — My — AU

T1
G=—""7"- 14
P —HUx — Auu ( )

T2
H=-————— 15
P — Uy — AU ( )
j=—° (16)

P~ Ux— Auu

For economic intuition, let's assign the following meanings to the variables:

e A -travel time savings present value;

e B —fares present value of alternative transport mode;

e C - fixed operating costs present value;

e D - investment expenditure present value;

e F - variable operating costs present value of maritime transport;

e G - socio-environmental costs present value of alternative transport
mode;

e H - socio-environmental costs present value of maritime transport;

e | —subsidies present value.
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To solve the maximization problem, Ito’s lemma can be applied to the

opportunity value function v(x), resulting in the following differential equation:

%afxzv”(x) + pexv' () — (p — 2 )v(x) + 4,v((1 +wWx) =0, forx #x* (17)

subject to the following boundary conditions:

(0) = 0 (18)
v(x) = Ax%8 + Bx% + C + D 4 Fx 4+ Gx 4+ Hx + Ix, with x # x* (19)
V' (x) = OpAx°F " + 0,Bx% 1+ F + G+ H + I, withx # x* (20)

As explained by Dixit and Pindyck (1994), Equation (18) is the initial
condition, Equation (19) is the value-matching condition, and Equation (20) is
the smooth-pasting condition.

The solution for Equation (17), a Cauchy-Euler second-order homogeneous

differential equation (Pimentel, Azevedo-Pereira, & Couto, 2012), is as follows:

h

v(x) = ayx (21)
The value h can be obtained analytically using the following expression:
Z02h(h— 1)+ ik — (p 4 1)+ A, (1 + )" = 0 (22)

Using Equation (5) to express a,, the solution of Equation (17) is given by:
v(x) = [AxF™" + Bx%h + Cx™" 4+ Dx~" + Fx1™" 4 Gx* " + Hx' ™"
(23)
+ It xh
For a given value of x at t = 0, the demand threshold (x*) required to trigger

the electric ship investment for social welfare maximization is determined by

numerically solving the following equation:
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Ax*®87"(0p — h) + Bx"% (6, = h) = Cx"~"h = Dx"""h + Fx"™"(1 — h)
(24)
+ Gx*l—h(l _ h) + Hx*l_h(l — h) + Ix*l_h(l - h) =0
The opportunity value and NPV for the electric ship investment are expressed

as follows:

x h
— *93 *0g * *
v(x):{ (x) [Ax*%¢ + Bx*%« + (F+ G+ H+Dx" +C+ D], forx <x (25)

[AxP~" + Bx%" + (F + G + H + Dx*™" + (C + D)x~"]x", for x = x*

Following findings from previous authors, the total opportunity value for the
electric ship investment is given by the first part of Equation (25). It indicates
the value for social welfare if the investment is made at the optimal time.

The second part of Equation (25) is the NPV, indicating the value created for
social welfare if the electric ship investment is made at t = 0 with the present
demand.

The defer option value can be obtained from the difference of both parts. It
represents the incremental value of waiting until the demand reaches optimal
value.

If the demand is higher than the threshold, the opportunity value equals NPV,
and the defer option value is zero, indicating the optimal region where no

incremental value can be generated for social welfare.

3 Case Study

The Azores is a archipelago in Portugal consisting of nine islands situated in

the Atlantic Ocean between Europe and America (refer to Figure 20). It is
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composed by three groups: the Western Group, which includes Corvo and Flores
islands; the Central Group, comprising Pico, Faial, Terceira, S&o Jorge, and
Graciosa islands; and the Eastern Group, encompassing Santa Maria and Sao
Miguel islands. The Azores has its own Regional Government and is known for
its high commitment to sustainability. It holds the distinction of being the first
archipelago in the world to be certified as a sustainable tourism destination, in
addition to receiving numerous awards recognizing its natural beauty, rich

culture, and sustainability efforts (Ponte, Couto, Pimentel, & Oliveira, 2018).
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Source: https://sailazores.pt
Figure 1 — Distances (in nautical miles) between islands in the Azores

archipelago

To decarbonize maritime transport services and promote sustainability in the

Azores, the Regional Government plans to make an investment in two electric
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ships for passenger transportation between three islands in the Central Group:
Pico, Faial, and S&o Jorge, collectively known as the "llhas do Triangulo."”
These islands are characterized by short distances, with an average of 30.2
kilometers between them.

Inter-island passenger transport is facilitated by both air and maritime
transport services. These services are subject to PSO to ensure mobility for
residents across the islands, supporting various essential purposes such as
economic activities, healthcare, education, business, and family connections.
The provision of these services is managed by public regional companies
through concession contracts.

Figure 2 illustrates that historical volatility in the region is high, with a

noticeable upward trend over time.
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Figure 2 - Passengers on maritime transport between Pico, Faial, and S&o Jorge
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3.1 Data

The basic parameter values for electric ship valuation from a socio-

environmental perspective are listed in Table 1.

Parameter Value
xo, — Demand at time 0 for maritime transport 449,072
y - Investment expenditures (present value) 25 M€
Box#- VTT on airplanes 83.30 €
Byx P~ VTT on ships 98.26 €
aoxf @- Airplane fare 60 €
¢ - Fixed operating costs 5 M€
p - Discount rate 5%
U, — Demand growth rate 2.3%
o, — Demand standard deviation 10.5%
85 - Elasticity between demand and VTT 0.43
&, - Cross-price elasticity for maritime transport 0.43
w - Variable operating costs per passenger 0.75€
o — Subsidy per passenger on maritime transport 59.39€
T, — Socio-environmental cost per passenger on airplanes 15.59 €
T, - Socio-environmental cost per passenger on ships 0€
u —Jump value -0.1
Ay —Jump rate 0.1

Note: M - Millions

Source: Own elaboration

Table 1 — Parameters values for electric ships valuation
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The estimated investment expenditure for the acquisition of two electric ships
is 25 million euros, as publicly disclosed by the Regional Government.

Based on historical data on maritime transport between the three islands, the
current demand for inter-island flights is 449,072 passengers.

The annual demand growth rate is estimated to be 2.3%, using historical data
from 2009 to 2019, which predates the Covid-19 pandemic.

Volatility was computed as 10.5%, following the recommendation of Lewis
and Spurlock (2004). This value represents the historical demand volatility
during the same period.

Operating costs for maritime transport, including both fixed and variable
costs, were estimated using historical financial data from the maritime transport
service provider. As the electric ships will not use fuel, fuel costs were excluded
from the calculations. Most costs are fixed.

The subsidy per passenger represents the amount paid by the Regional
Government to the service provider as stipulated in the concession contract.

The fare for inter-island flights is established by air transport PSO.

The average time per trip, including waiting times, is approximately 111
minutes for airplane travel between the three islands and approximately 79
minutes for ship travel. Although airplane travel is faster, ship trips have shorter
waiting times. The value of VTT was estimated considering the average trip
times for both modes of transport and the values estimated by HEATCO (2004)
for the socio-economic cost of one travel hour in Portugal, adjusted for inflation

rates and GDP per capita growth rates.
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The socio-environmental cost of air transport is based on estimations by
Ricardo-AEA (2014), adjusted for inflation rates. It includes the socio-
environmental cost per passenger-kilometer and the environmental impact of
landings and take-offs (LTO). The average number of flights required to
transport the present demand by airplane was calculated, considering the high
negative environmental impact of LTO.

The socio-environmental cost of maritime transport using electric ships is
assumed to be zero, following the conclusion of Spagnolo, Papalillo,
Martocchia, and Makary (2012) that it is possible to use ships with zero
environmental impact. Given that the Azores are increasing the production and
use of renewable energies, it is reasonable to assume that the socio-
environmental cost of new electric ships will be close to zero.

As data specific to maritime transport is lacking, the elasticity values for both
modes of transport follow the data provided by Litman (2010) and Kopsch
(2012) for air transport.

The discount rate used is 5%, in line with the recommendation of the
European Commission (2014) for relevant projects with an impact on social
welfare.

The jump rate and value are set at 0.1 and -0.1, respectively, assuming
possible events with a negative impact on demand, similar to the Covid-19

pandemic.
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The values of S, B1, and «, are obtained through functional forms included
in Equations (2) and (3) using the present demand (x,), following previous

related work.

3.2 Results and Discussion

The results of the valuation of electric ships from a social welfare perspective
are presented in Table 2. Two scenarios are considered: one with negative

demand jumps and another without jumps.

Output Scenario with Scenario without
negative jumps negative jumps
x* - Demand threshold 99,232 93,135
v(x) - Opportunity value 1,906 M€ 3,714 M€
NPV - Net present value 1,906 M€ 3,714 M€
VOD - Value of the option to defer 0 € 0€

Note: M - Millions
Source: Own elaboration

Table 2 — Electric ships valuation outputs

In both scenarios, the positive Net Present Value (NPV) demonstrates the
significant positive impact of maritime transport with electric ships on social
welfare compared to air transport, taking into account economic, social, and

environmental factors, in line with the main proposition of this study. The NPV
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represents the value created by a 25 million euro investment with the present
demand of 449,072 passengers. This value is attributed to the shorter travel
times on the three short-distance islands (with smaller waiting times on ship
trips compared to airplane trips) and the lower socio-environmental costs
associated with maritime transport. The NPV is higher in the scenario without
negative jumps, as expected.

The results regarding the positive NPV of alternative ships compared to
traditional ships are in line with previous works. For example, Gore, Rigor-
Mdiller, and Coughlan (2022) state the positive NPV for four alternative fuels for
maritime transportation in Ireland due to external, carbon tax, and conventional
fuel cost saving. Tercan, Eid, Heidenreich, Kogler, and Akytrek (2021) also
achieved positive NPV for solar ships.

The opportunity value represents the present value created when the demand
is in the optimal region for investment. Since the demand threshold (99,232
passengers for the scenario with negative jumps and 93,135 passengers for the
scenario without jumps) is lower than the present demand (449,072 passengers),
the opportunity value is the same as the NPV in both scenarios. The trigger for
investment is lower in the scenario without negative jumps.

The defer option is 0 in both scenarios, indicating that there is no additional
value in delaying the investment in electric ships. The investment option is at-
the-money, and no further value is generated by deferring the investment. The
demand is in the optimal region in both scenarios, supporting the decision to

invest now.
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Figure 3 illustrates the opportunity value, NPV, and defer option for different
levels of demand in both scenarios.

%108

T T
Opporunityvaliowith negative jumps

Value in €

Demand «10*

Source: Own elaboration [Print in color]

Figure 3 — Opportunity value, NPV, and defer option value for both scenarios
(with and without negative jumps)

In the scenario with negative jumps, the NPV is negative until reaching
53,428 thousand passengers, primarily due to investment expenditures and fixed
operating costs. Between 53,428 and 99,232 thousand passengers, there is a
positive value for social welfare, but the maximum value is not yet achieved.
During this range, there is value in deferring the investment until the demand
reaches the demand threshold. The defer option value is positive and decreases
as the demand increases. Once the demand threshold is reached, the opportunity
value becomes the same as the NPV, and the defer option holds no further value.

In these scenarios, it is optimal to proceed with the investment in electric ships.
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In the absence of negative jumps, the demand triggers for positive NPV, and
the optimal investment timing are smaller.

To test the results robustness, sensitive analysis are carried out. The following
figures depict the sensitivity analysis of the most significant variables outlined in
the framework for the scenario with negative demand jumps and no socio-

environmental costs from maritime transport.
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Figure 4 — Impact of investment expenditures (y)

Figure 4 illustrates the impact of investment expenditures (y). Higher
investment expenditures have a negative effect on the demand threshold and
opportunity value. As investment expenditures increase, the demand threshold
rises while the opportunity value decreases. However, the defer option remains
at 0 for investment expenditures ranging from 25 to 200 million euros. This
means that the option to deploy the investment is consistently at-the-money,

with no additional value gained by deferring the investment.
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Figure 5 — Impact of subsidy (o)

Figure 5 showcases the impact of subsidies on maritime transport (o). Higher
subsidies per passenger result in lower demand thresholds. Even in the absence
of subsidies, the demand threshold remains lower than the present demand,

although the impact on social welfare is diminished.
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Figure 6 — Impact of socio-environmental costs (z; and t,)
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Figure 6 demonstrates the impact of socio-environmental costs of both
maritime (t,) and air transport services (t;). As anticipated, higher socio-
environmental costs result in elevated demand thresholds. Even if the socio-
environmental cost of maritime transport is equivalent to that of air transport, the
demand threshold remains lower than the present demand due to the time
savings associated with maritime transport on short-distance islands (resulting in
shorter waiting times). However, it is important to note that a lower contribution
to social welfare is observed in this scenario. Electric ships reduce socio-
environmental costs, improving sustainability and social welfare. A similar 25
million euro investment on regular ships with z, > 0 will reduce social welfare
value creation.
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Figure 7 — Impact of the distance between islands

A sensitivity analysis was also conducted based on the distance between

islands. The average travel time per kilometer for each transport service was
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estimated, taking into account the impact of distance on travel time (B, and S;)
and socio-environmental costs (7). Figure 7 demonstrates that as the distance
between islands increases, the demand threshold also rises, and at an increasing
rate. For an average distance of around 310 kilometers, the opportunity value
approaches zero due to the shorter travel time associated with air transport

compared to maritime transport.

4 Conclusions

The transport sector plays a crucial role in achieving sustainability and carbon
neutrality. Electric ships offer a sustainable alternative to regular ships, reducing
fuel consumption and carbon emissions. However, there is a lack of valuation
frameworks to assess the impacts of green investments on the economy, society,
and the environment. This study addresses this gap by presenting a valuation
framework for evaluating a green investment in the transport sector, specifically
the acquisition of electric ships for short-distance maritime passenger transport.

Building upon previous works by Pimentel (2009), Pimentel, Azevedo-
Pereira, and Couto (2012), Couto, Nunes, and Pimentel (2015), and Pimentel,
Nunes, and Couto (2018), this robust framework incorporates new variables
related to socio-environmental benefits and costs, as well as subsidies. Unlike
most studies in the ROA field, this study adopts a socio-environmental
perspective instead of a profit maximization perspective, to improve

sustainability and maximize social welfare. The main source of uncertainty in
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the model is demand, which follows a stochastic process that includes random
negative jumps due to unexpected events, such as pandemics or extreme
environmental occurrences.

For empirical purposes, the study presents a case study in the Azores. The
results demonstrate that investing in electric ships for maritime passenger
transport, with zero socio-environmental costs, holds significant value for the
short-distance islands in the Azores compared to air transport, sustaining the
main proposition of this study. In the context of the Azorean islands, where air
transport incurs high socio-environmental costs as the alternative mode of
transport, the investment of 25 million euros with a present demand of 449,072
passengers yields a NPV of 1,906 million euros. Furthermore, it is evident that
the present demand surpasses the demand threshold (99,232 passengers), and the
defer option has no value, indicating that there is no additional benefit in
delaying the investment in electric ships. Notably, if negative jumps were not
considered, the valuation outputs would be even more favorable, with a demand
threshold of 93,135 passengers and a NPV and opportunity value of 3,714
million euros.

The sensitivity analyses conducted on various variables reveal the negative
impact of socio-environmental costs on social welfare. A similar investment in
regular ships instead of electric ships reduces social welfare value creation.
Additionally, maritime transport is not suitable for maximizing social welfare in

the case of long-distance travel (over 300 kilometers).
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This study contributes to the literature by presenting a ROA valuation
framework and an empirical case of valuing a real green investment, addressing
gaps identified by previous researchers regarding the impact of green investment
decisions on social welfare, the environment, and sustainability. Moreover, it is
noteworthy that empirical studies within the ROA field are limited, and their
relevance to practitioners and decision-makers is significant, as complex models
can be daunting. The inclusion of empirical studies utilizing ROA frameworks
can facilitate their practical application.

For industry managers and other stakeholders in the maritime transport sector,
particularly public decision-makers in coastal areas and on islands, this study
offers a comprehensive framework for evaluating investments in electric ships.
It aims to strike a balance between users' utility, economic considerations, social
factors, and environmental impacts, thereby facilitating informed decisions on
the implementation of electric ships for maritime passenger transportation and
promoting sustainable development. ROA frameworks enables control of
uncertainty factors, as Rambaud and Pérez (2017) argue, allowing managers and
decision-makers in the maritime transport sector to move to adaptive and
flexible planning, abandoning passive planning processes, as proposed by
Machiels, Compernolle, and Coppens (2020). Furthermore, the results of the
case study, based on real data, could offer valuable insights to support the
decision-making process on investing in electric ships.

For future research, additional stochastic processes for another variables can

be included within the model. Further exploration of optimal subsidies and
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prices is also warranted. Conducting case studies on green investments aimed at
sustainability and decarbonizing various sectors would contribute to empirical
knowledge in the field. Additionally, future research can explore new
approaches and frameworks tailored to different regions based on data

availability.

5 References

Bellizzi, M., Eboli, L., & Mazzulla, G. (2020). Air transport service quality
factors: a systematic literature review. Transportation Research Procedia, 45,
218-225. Doi: 10.1016/j.trpro.2020.03.010.

Bogacheva, O., & Smorodinov, O. (2017). Challenges to Green Finance in
G20 Countries. World Economy and International Relations, 61(10), 16-34.
URL.: https://www.imemao.ru/en/publications/periodical/meimo/archive/2017/10-
t-61/the-world-at-the-beginning-of-millennium/challenges-to-green-finance-in-
g20-countries

Brach, M. (2003). Real Options in Practice. New Jersey: John Wiley & Sons,
Inc.

Chaudhuri, S., Ray, S., & Ganesh-Kumar (2018). Integrated model of
computable general equilibrium and social cost benefit analysis of an Indian Qil
refinery: Future projections and macroeconomic effects. Journal of

Infrastructure Development, 10(1-2), 96-125. Doi: 10.1177/0974930618813749

31



Couto, G., Nunes, C., & Pimentel, P. (2015). High-speed rail transport
valuation and conjecture shocks. The European Journal of Finance, 21(10-11),
791-805. Doi: 10.1080/1351847X.2012.665377

Couto, G., Pimentel, P., & Oliveira, A. (2022). The optimal time to invest in
the new Montijo airport in Portugal. Spatial Economic Analysis, 17, 34-46. Doi:
10.1080/17421772.2021.1934525

Daley, B. (2016). Air Transport and the Environment. New York: Routledge.

Davarzani, H., Fahimnia, B., Bell, M., & Sarkis, J. (2016). Greening ports and
maritime logistics: A review. Transportation Research Part D: Transport and
Enviroment, 48, 473-487. Doi: 10.1016/j.trd.2015.07.007

Dixit, A., & Pindyck, R. (1994). Investment under Uncertainty. New Jersey:
Princeton University Press.

Dou, D., & Li, L. (2022). Does sustainable financial inclusion and energy
efficiency ensure green environment? Evidence from B.R.1.C.S. countries.
Economic Research-Ekonomska Istrazivanja. Doi:
10.1080/1331677X.2022.2032785

Essel, D., Jin, Z., Bowers, J., & Abdul-Salam, R. (2022). Green maritime
practices in an emerging economy towards the achievement of sustainable
development: a Ghanaian context. Benchmarking: An International Journal.
Doi: 10.1108/B1J-10-2021-0629.

European Commission (2014). Guide to Cost-Benefit Analysis of Investment

Projects. Economic appraisal tool for Cohesion Policy 2014-2020. Brussels:

32



European Commission. Available at:
https://ec.europa.eu/regional_policy/sources/docgener/studies/pdf/cba_guide.pdf
European Commission (2019). The European Green Deal. Communication
from the Commission COM(2019). Available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?qid=1576150542719&uri=COM%3A2019%3A640%3AFIN

European Commission (2021). Proposal for a regulation of the European
Parliament and of the Council on the use of renewable and low-carbon fuels in
maritime transport and amending Directive 2009/16/EC. COM/2021/562 final.
Available at: https://eur-lex.europa.eu/legal-
content/EN/TXT/?uri=CELEX%3A52021PC0562&0id=1632150729354

Forsyth, P. (2021). Assessing the wider economic benefits of air transport.
Transport Policy, 104, A10-Al7. Doi: 10.1016/j.tranpol.2020.06.007

Ginbo, T., Corato, L., & Hoffman, R. (2020). Investing in climate change
adaptation and mitigation: A methodological review of real-options studies.
AMBIO A Journal of the Human Environment, 50(1). Doi: 10.1007/s13280-020-
01342-8

Gore, K., Rigor-Miiller, P., & Coughlan, J. (2022). Cost assessment of
alternative fuels for maritime transportation in Ireland. Transportation Research
Part D: Transport and Environment, 110, 103. Doi: 10.1016/j.trd.2022.103416

Guellard, B., Montgros, X., Barriere, P., Wolfensberger, G., & D’Oliveira, P.
(2013). An overview of electric and solar boats market in France. 2013 World
Electric Vehicle Symposium and Exhibition (EVS27). Doi:

10.1109/EVS.2013.6915050

33



Heal, G., & Millner., A. (2014). Reflections uncertainty and decision making
in climate change economics. Review of Environmental Economics and Policy,
8, 120-137. Available at:
https://www.journals.uchicago.edu/doi/abs/10.1093/reep/ret023

HEATCO (2004). Developing Harmonised European Approaches for
Transport Costing and Project Assessment. Switzerland: HEATCO

Hemez, C., Chiu, J., Ryan, E., Sun, J., Dubrow, R., & Pascucilla, M. (2020).
Environmental and health impacts of electric service vessels in the recreational
boating industry. Water Practice and Technology, 15(3), 781-796. Doi:
10.2166/wpt.2020.063

Jansuwan, S., Liu, Z., Song, Z., & Chen, A. (2021). An evaluation framework
of automated electric transportation system. Transportation Research Part E:
Logistics and Transportation Review, 148, 102265. Doi:
10.1016/j.tre.2021.102265

Kopsch, F. (2012). A demand model for domestic air travel in Sweden.
Journal of Air Transport Management, 20, 46-48. Doi:
10.1016/j.jairtraman.2011.11.006

Lewis, N., & Spurlock, D. (2004). Volatility Estimation of Forecasted Project
Returns for Real Options Analysis. Paper presented at American Society for
Engineering Management 2004 National Conference, Virginia. United States:
American Society for Enginnering Management. Available at:

https://scholarworks.bridgeport.edu/xmlui/handle/123456789/772

34



Lin, C., Dai, G., Wang, S., & Fu, X. (2022). The Evolution of Green Port
Research: A Knowledge Mapping Analysis. Sustainability, 14(19), 11857. Doi:
10.3390/su141911857

Litman, T. (2010). Transportation Elasticities. How prices and Other Factors
Affect Travel Behavior. Victoria Transport Policy Institute.

Ma, F., He, J., Ma, J., & Xia, S. (2017). Evaluation of urban green
transportation planning based on central point triangle whiten weight function
and entropy-AHP. Transportation Research Procedia, 25, 3634-3644. Doi:
J.trpro.2017.05.328

Machiels, T., Compernolle, T., & Coppens, T. (2020). Real option
applications in megaproject planning: trends, relevance and research gaps. A
literature review. European Planning Studies, 29(3), 1-22. Doi:
10.1080/09654313.2020.1742665

Melo, C., Teotonio, 1., Silva, C., & Cruz, C. (2020). What’s the economic
value of greening transport infrastructures? The case of the underground
passages in Lisbon. Sustainable Cities and Society, 56, 102083. Doi:
J.5€s.2020.102083

Mun, J. (2006). Real Options and Monte Carlo Simulation versus Traditional
DCF Valuation in Layman's Terms. In: Leggio, K., Bodde, D., Taylor, N. (eds).
Managing Enterprise Risk. Elsevier.

Pimentel, P. (2009). Avaliagdo do investimento na alta velocidade ferroviaria

[High-Speed rail transport valuation]. PhD thesis. Lisbon School of Economics

35



& Management. Available at:
https://www.repository.utl.pt/handle/10400.5/661?locale=en

Pimentel, P., Azevedo-Pereira, J., & Couto, G. (2012). High-Speed rail
transport valuation. The European Journal of Finance, 18(2), 167-183. Doi:
10.1080/1351847X.2011.574984

Pimentel, P., Nunes, C., & Couto, G. (2018). High-speed rail transport
valuation with stochastic demand and investment cost. Transportmetrica A
Transport Science, 14(4), 275-291. Doi: 10.1080/23249935.2017.1384936

Ponte, J., Couto, G., Pimentel, P., & Oliveira, A. (2018). Tourism activities
and companies in a sustainable adventure tourism destination: the Azores.
Tourism & Management Studies, 14(4), 25-38. Doi: 10.18089/tms.2018.14403

Pudney, S., Mills, D., & Mudunuri, S. (2020). The End of Megaproject
Certainty: Post COVID-19 National Infrastructure Management. 14th WCEAM
Proceedings.

Putten, A., & MacMiillan, I. (2004). Making Real Options Really Work.
Harvard Business Review, 82(12), 134-142. Retrieved from
https://hbr.org/2004/12/making-real-options-really-work

Rambaud, S., & Pérez, A. (2017). The option to expand a project: its
assessment with the binomial options pricing model. Operations Research
Perspectives, 4, 12-2020. Doi: 10.1016/j.0rp.2017.01.001

Rehman, A., Ma, H., Ahmad, M., Irfan, M., Traore, O., & Chandio, A. (2021).
Towards environmental Sustainability: Devolving the influence of carbon

dioxide emission to population growth, climate change, Forestry, livestock and

36



crops production in Pakistan. Ecological Indicators, 125, 107460. Doi:
j-ecolind.2021.107460

Reisi, M., Sabri, S., Agunbiade, M., Rajabifard, A., Chen, Y., Kalantari, M.,
Keshtiarast, A., & Li, Y. (2020). Transport sustainability indicators for an
enhanced urban analytics data infrastructure. Sustainable Cities and Society, 59,
102095. Doi: 10.1016/j.5¢s.2020.102095

Ricardo-AEA (2014). Update of the Handbook on External Costs of
Transport. London: Ricardo-AEA. Available at:
http://cati.org.pl/transportikomunikacja/wp-
content/uploads/downloads/2014/06/2014-handbook-external-costs-transport.pdf

Sachs, J., Woo, W., Yoshino, N., & Taghizadeh-Hesary, F. (2019).
Importance of green finance for achieving sustainable development goals and
energy security. In: Sachs, J., Woo, W., Yoshino, N., & Taghizadeh-Hesary, F.
(eds). Handbook of Green Finance. Sustainable Development. Singapore:
Springer. Doi: 10.1007/978-981-13-0227-5_13

Schéfer, A., & Waitz, I. (2014). Air transportation and the environment.
Transport Policy, 34, 1-4. Doi: 10.1016/j.tranpol.2014.02.012

Schinas, O., Ross, H., & Rossol, T. (2018). Financing green ships through
export credit schemes. Transportation Research Part D: Transport and
Environment, 65, 300-311. D0i:10.1016/j.trd.2018.08.013

Simona, B., Silvia, M., & Paolo, P. (2019). Willingness to pay for electric
boats in a protected area in Italy: A sustainable tourism perspective. Journal of

Cleaner Production, 224, 603-613. Doi: 10.1016/j.jclepro.2019.03.266

37



Singh, S., Dwivedi, A., & Pratap, S. (2023). Sustainable Maritime Freight
Transportation: Current Status and Future Directions. Sustainability, 15(8),
6996. Doi: 10.3390/su15086996

Spagnolo, G., Papalillo, D., Martocchia, A., & Makary, G. (2012). Solar-
Electric Boat. Journal of Transportation Technologies, 2, 144-149. Doi:
10.4236/jtts.2012.22015

Stankovi¢, J., Marjanovié, 1., Papathanasiou, J., & Drezgi¢, S. (2021). Social,
Economic and Environmental Sustainability of Port Regions: MCDM Approach
in Composite Index Creation. Journal of Marine Science and Enginnering, 9(1),
74. Doi: 10.3390/jmse9010074

Tercan, S, Eid, B., Heidenreich, M., Kogler, K., & Akyiirek, o) (2021).
Financial and Technical Analyses of Solar Boats as A Means of Sustainable
Transportation. Sustainable Production and Consumption, 25, 404-412. Doi:
10.1016/j.spc.2020.11.014

Trigeorgis, L. (1995). Real Options in Capital Investment: Models, Strategies,
and Applications. London: Greenwood Publishing Group.

Trigeorgis, L., & Reuer, J. (2017). Real options theory in strategic
management. Strategic Management Journal, 38(1), 42-63. Doi:
10.1002/smj.2593

Viana, M., Hammingh, P., Colette, A., Querol, X., Degraeuwe, B., Vlieger, I.,
& Aardenne, J. (2014). Impact of maritime transport emissions on coastal air
quality in Europe. Atmospheric Environment, 90, 96-105. Doi:

10.1016/j.atmosenv.2014.03.046

38



Vidovi¢, T., Simunovié, J., Radica, G., & Penga, Z. (2023). Systematic
Overview of Newly Available Technologies in the Green Maritime Sector.
Energies, 16(2), 641. Doi: 10.3390/en16020641

Vo, L., & Le, H. (2017). Strategic Growth Options, Uncertainty and R&D
Investment. International Review of Financial Analysis, 51, 16-24. Doi:
10.1016/j.irfa.2017.03.002

Vukié, L., Jugovi¢, T., Guidi, G. & Oblak, R. (2020). Model of Determining
the Optimal, Green Transport Route among Alternatives: Data Envelopment
Analysis Settings. Journal of Marine Science and Engineering, 8(10), 735. Doi:
10.3390/jmse8100735

Win, Z., Cook, D., & Davidsdéttir, B. (2023). A comparison of the economic
value of fuel externalities from whale watching vessels: electric and diesel
fueled boats in Iceland. Ocean & Coastal Management, 239, 106588. Doi:
j.ocecoaman.2023.106588

World Commission on Environment and Development (1987). Our Common
Future. Oxford, UK: Oxford University Press. Available at:
https://sustainabledevelopment.un.org/content/documents/5987our-common-
future.pdf

Wu, Y., Huang, Y., Wang, H., Zhen, L., & Shao, W. (2023). Green
Technology Adoption and Fleet Deployment for New and Aged Ships
Considering Maritime Decarbonization. Journal of Marine Science and

Engineering, 11(1), 36. Doi: 10.3390/jmse11010036

39



Zheng, S., & Jiang, C. (2023). Real options in transportation research: A
review. Transport Economics and Management, 1, 22-31. Doi:

10.1016/j.team.2023.06.001

40



