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Abstract: In Spain, the leader in pesticide sales in the European Union, a high-tech and innovative company provides
services to the wine industry to optimise phytosanitary work, reduce crop losses and lower production costs. Although
the nature of its business encourages the transition to a sustainable agri-food system, it also involves risks associated
with uncertainty. The objective of this article was to perform the valuation of the company through the real options
approach, including an expansion option, analysing whether this company will be able to increase the value of its project
by expanding its activity to a larger number of vineyards. Results showed that the application of the real options app-
roach projected a higher result than the traditional net present value method, so that if the company makes additional
investments in its precision agriculture project, these will increase the value by a 15%.
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The Green Deal is a holistic strategic plan of the
European Union designed in 2019. This plan was pre-
sented by the European Commission as a new strategy
to achieve competitiveness of the European economy
through climate neutrality. It is composed of a gov-
ernance framework made up of more than twenty
strategic documents. This framework regulates i) the
fight against climate change with scenarios foreseen

for 2030 and 2050, ii) the change of the energy para-
digm, iii) the abandonment of the linear economy for
the circular economy, iv) the protection of biodiversity,
v) sustainable mobility, and vi) making Europe the first
climate-neutral continent.

Therefore, the policies related to the European Green
Deal are aimed at combating climate change and envi-
ronmental degradation. To achieve its aims, European
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countries must, among other actions, cut down the
use of the most hazardous pesticides by 50% by 2030
(European Commission 2021). This policy has its prec-
edent in the European Directive 2009/128/EC regard-
ing the controlled use of pesticides, and is framed with-
in the Sustainable Development Goals (United Nations
2021). However, the institutional framework for the
transition to a sustainable agri-food system is not fea-
sible through traditional practices based on the abusive
use of plant protection products (PPP) (Taiwo 2019).

In 2020, Spain was the first country in PPP sales
(66.41 t) in the European Union, followed by France
(64.74 t) and Italy (56.37 t), and was the tenth largest
consumer of pesticides in the world (Eurostat 2021).
The Spanish agricultural area (24 million ha) includes
the production of cereals, fruit trees and vineyards, all
crops with a high level of PPP consumption (Gonzélez
et al. 2021). Even though the classes and doses of pesti-
cides used in fruit orchards and vineyards have been le-
gally reduced, spraying varies between 10 and 15 treat-
ments per year, depending on climatic circumstances
(Pertot et al. 2017; Roman et al. 2022). The environmen-
tal consequences of these practices entail a dangerous
increase in the toxins present in terrestrial and aquatic
habitats for both wildlife and humans. Although a full
elimination of pesticides in agriculture does not seem
feasible, performance optimisation is achievable, espe-
cially in crops with increasing technification, as is the
case of vineyards.

In 2021, 941 086 ha of Spanish land were dedicated
to vineyards. This fact makes Spain the third largest
producer of wine and must in the world. There has
been a reduction in the area dedicated to vineyard
exploitation but through restructuring and improve-
ments in production techniques, the production did
not fall (Lorenzo et al. 2018). In economic terms, the
wine value chain accounts for 2.2% of the gross value
added in Spain. The goal of streamlining and strength-
ening the sector encouraged the creation of the Wine
Technology Platform in 2011. This association, made
up of public and private collaborators, brings together
the wine production and processing sector, the auxil-
iary sector and the scientific sector. (Plataforma Tec-
noldgica del Vino 2021). Between 2011 and 2020, the
platform has promoted 159 R&D&I projects, with
an overall investment up to EUR 157.5 million. In addi-
tion, the International Organisation of Vine and Wine
(OIV) was created in 2001 at the international level.
The OIV is made up of 48 states, including Spain. The
purpose of this intergovernmental association is to fos-
ter scientific and technical innovation, the dissemina-
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tion of its results and the development of the interna-
tional wine sector.

In addition, new formal rules have been incorporated
into the current governance of the sector. One of them
is the 2019-2024 Strategic Plan, included in the sus-
tainable development goals of the United Nations 2030
Agenda. This way, the OIV creates a framework for
meeting sustainability objectives at the environmen-
tal, socioeconomic and sociocultural levels, while also
responding to the demands of its consumers, who are
increasingly interested in the ecological aspects of the
wine sector (Ferrer et al. 2022). With its compliance
with the OIV, the sector seeks more sustainable pro-
duction through the reduction of pesticides and fertil-
isers use (Golicic 2021).

The plan leads the companies of the sector to include
new investments in their strategy that allow them
to adapt to the new production paradigm. Therefore,
the objective of this article is to carry out the finan-
cial valuation of a company whose activity is focused
on innovation and digitalisation applied to viticulture
with the aim of increasing the degree of sustainability
of crops. The valuation of the company, based in Gali-
cia (Spain), will be performed through the real options
(RO) approach, which is appropriate in uncertain en-
vironments. This methodology includes an expansion
option to analyse whether this company, which pro-
motes the improvement of resource productivity and
the reduction of agricultural resources, will be able
to increase the value of its project by expanding its ac-
tivity to a larger number of vineyards.

Although RO models have limitations [they are
sometimes considered as a ‘black box’ (Horn et al.
2015)] and the decision-making process has been criti-
cised because of the so-called subjectivity of the ana-
lysts (Ajak and Topal 2015; Driouchi et al. 2020; Alex-
ander et al. 2021), they are a fast and commonly used
method in a number of sectors such as wind power,
gas and electricity, and can be applied to almost any
process where prices have a stochastic behaviour. The
novelty of this article lies in two factors. The first one
is the analysis of the company’s activity, which is aimed
at the optimisation of phytosanitary treatments, the
reduction of crop losses, and the reduction of produc-
tion costs. The second factor lies in the inclusion of the
RO methodology. This methodology has been applied
in various sectors, but its first analysis was focused
on the valuation of natural resources (Tourinho 1979).
Since then, there has been a great deal of research fo-
cused on this area, although the RO methodology has
been applied mainly to energy resources. In the case
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of the wine sector, there are a few examples (Viviani
2007; Cyr et al. 2010; Seyoum-Tegegn and Chan 2013),
but they do not incorporate precision agriculture
in their analysis. In particular, we consider a binomial
model as in Henao et al. (2017), Rambaud and Pérez
(2017) or Kamel et al. (2023).

MATERIAL AND METHODS

The company we analyse is focused on innovation
and digitalisation applied to viticulture. It is a start-
up created by research staff from a Spanish university
in 2014. The company was established with a share capi-
tal of EUR 20 000, and in its seven years of existence, its
growth was constant, because it has expanded its client
portfolio to twenty wine-producing partners from ten dif-
ferent designations of origin (Figure 1). Such a gradual in-
crease in the client portfolio is due, at least in part, to the
fact that the company has diversified the services offered
as a result of its participation in various research projects.

According to the company’s record deposited in the
Spanish Trade Register, its activity consisted of pro-
viding detailed information on the health status of the
vineyards through a control process. This was achieved
by studying the phenological state of the plants and
the environmental parameters influencing the grape
quality, such as wind direction, degree of humidity,
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Navarra

or the level of rainfall, with subsequent analysis by ex-
perts in viticulture and meteorology. The obtained re-
sults can be checked on the company’s website under
a monthly subscription service. In addition, such a sub-
scription provides access to two important services:
a document processing system for vineyard managers
to record agricultural processes or any anomalies in the
crops, and a vegetation mapping tool which, through
satellite, drone or light aircraft photographs, identifies
fluctuations in vine growth. This allows for zoning the
vineyard and characterising its vigour, chlorophyll and
photosynthetic efficiency (Monet Viticultura 2022).

The main goal of this process is to optimise the num-
ber of phytosanitary treatments, which, in turn, lowers
the grape production costs, and monitoring the crop
through data interpretation helps the winemakers’
decision-making process. Since the vineyards of the
company’s customers were located in the northern
half of Spain, the company created different predictive
models both for the main grape varieties in the area
(Godello, Treixadura, Albarifio and Tempranillo) and
for the vine diseases associated with these grape variet-
ies (oidium, mildew, botrytis or black-rot).

In recent years, the company’s business plan has
been focused on ‘precision agriculture! The company
collaborated on several research projects that entailed
advances in the rationalisation of the use of phytosani-
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tary treatments and the reduction of chemical residues.
Such streamlining not only increased the sustainability
of the crops but also meant savings in costs. For ex-
ample, phytosanitary treatments were reduced by 40%,
which directly affected the production costs (Ministe-
rio de Agricultura, Pesca y Alimentacion 2018, 2021).
The implementation of the results of the study of the
microclimates’ effect on the incidence of fungal dis-
eases, the knowledge of wood diseases, and the con-
centration of fungal spores in the environment allowed
for a reduction of uncertainty in the harvest outcome.
At the same time, it also improved the sustainability
and quality of wine crops. In addition, this information
was channelled through digital tools to increase its
availability and accuracy.

The shortcomings of the classic valuation models, to-
gether with the uncertainty inherent in an increasingly
lobalized economy, paved the way for a new methodol-
ogy for investment project valuation, the RO approach.
This fact has led to a growing trend in academic re-
search in this field (Cabrerizo et al. 2020). One of the
most important shortcomings of classical valuation
models, such as net present value (NPV) and internal
rate of return (IRR), is that they neglect the value of in-
vestor management’s flexibility (Lin and Tan 2021). The
RO approach attempts to solve this deficiency by in-
corporating the valuation of the impact of uncertainty
and flexibility inherent to investment projects. The RO
approach is a tool that provides decision-makers with
a valuation model capable of analysing several sce-
narios (Agaton et al. 2020; Cuervo et al. 2021). Such
flexibility is of great use in environments where new
information can be valued or where the uncertainty
affecting the project is high. Hence, this constitutes
a good approach for scenarios where the project’s mar-
ket conditions are very volatile and flexible (Agaton
et al. 2020). By considering new factors such as uncer-
tainty and flexibility that classical models do not take
into account, the RO approach presents an added value
in decision-making. In addition, the RO approach pro-
vides versatile decision-making (Cabrerizo et al. 2020;
Ipsmiller et al. 2021; Li and Cao 2022), allowing for
an adaptation to future changes caused by uncertainty
affecting the project over time (Lin and Tan 2021).

The valuation of investment projects using the RO
methodology is based on financial option valuation
models. Myers (1977) applied the valuation of financial
option models to the valuation of non-financial assets for
the first time. The most important models for the valua-
tion of financial options are the Black-Scholes model, the
binomial model, and the Monte Carlo simulation.
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Of the above-mentioned models, the binomial
model through the decision tree tool is one of the
most widely used ones for the valuation of invest-
ment projects in literature. This is due to its great
versatility and adaptation to real assets (Cox et al.
1979). It also presents better applicability for com-
plex options, and therefore is a suitable model for
case studies where there are several sources of un-
certainty or where volatility fluctuates over time
(Loncar et al. 2017).

To apply the binomial model to the valuation of invest-
ment projects, we need to define the following variables:

— underlying asset value: corresponds to NPV value.

— exercise price (E): the value of the investment ex-
pected to be made by the company

— expansion factor (F): growth percentage projected
by the company

— volatility (o0): standard deviation of the cash flows
calculated to obtain the NPV. Its calculation is defined
by the following Equation (1) (Loncar et al. 2017):

2. CF
o=In —;leF 1)

i=0

where: CF, — value of the expected cash flows in each
period.

— project duration (7): period to develop the project.

— stage duration (#): duration of development of each
stage. In this case, each stage lasts one year.

— u represents the upward movement of the value
of the underlying asset (NPV), is defined as:

1= oV (2)

where: dt = T/n.

— d represents the downward movement in the NPV,
is defined as:

_oya 1
d=e —u (3)

- p,; risk-neutral probability of an increase in the un-
derlying asset value.

redt
e’ —d

P W

where: re= interest risk free rate.
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— p; neutral risk probability linked to the decrease
of the underlying asset.

pdzl_pu (5)

-1 risk-free discount rate.

The company valuation process, which includes the
expansion option, has four stages (Fernandez-Gonzalez
et al. 2021, 2022; Pérez-Vas et al. 2021).

1) Projection of financial statements (profit and loss
statement, and balance sheet).

2) Cash flow estimation based on stage 1 projections.

3) Net present value calculation

" CE,

pury (1+i)t

NPV =—1+

(6)

where: I — investment made by the company; i — the
average cost of capital (WACC).

4) Application of the RO methodology. This stage
is divided into three sub-steps:

4.1) Creation of the binomial tree corresponding
to the underlying asset without flexibility.

Generally, every node in the binomial tree represents
the expected value of cash flows and is given by:
CF,; = u'd"~/ICF (7)

4.2) Estimation of the investment project with flex-
ibility [NPV expanded, as in Liao and Ho (2010)].
ROV represents the value of the project incorporat-
ing flexibility. The process of creating the structure
that forms the value of the investment project with
the incorporation of options consists of two steps.
Firstly, the value of the terminal nodes is calculated
and secondly, the value of the intermediate nodes
is calculated through the process called backward
induction. The valuation of the nodes is carried out
through a maximisation rule in which the values
of the project with and without options are com-
pared. In this case, the valuation of an expansion op-
tion was carried out, and its value was defined by the
following Equation (8):

4.3) Option value calculation

As in Rambaud and Pérez (2017), we obtained the
value by subtracting the values not including the op-
tion from the ones including it.

RESULTS AND DISCUSSION

The four stages described in the previous section
were applied for evaluating the project. During the first
stage, the projection of the financial statements was
carried out. Subsequently, in stage 2, the cash flows
necessary to estimate the NPV were calculated by esti-
mating this accounting statement (Table 1).

Next, Equation (6) was applied to calculate the NPV
(EUR 398 667.35). Finally, stage 4 was carried out,
where the valuation of the company was performed
using the RO methodology. Table 2 shows the neces-
sary parameters for the application of RO through the
binomial model.

WACC =Ex K, + D x K, = 82.29% x 4.59% +
17.71% x 1.5% = 4.04%

E: equity (82.29%)
K : cost of equity (4.59%)
D: debts (17.71%)

K cost of debts (1.5%)

0.3249V1 =1.39

u==e
d=—X _o07
1.39
0.0078 x1
e -0.72
e 02 oa
Pu="39 072

p,=1-043 =057

Considering that the net present value of the proj-
ect was EUR 398 667.35, the investment project was
feasible. However, this value did not consider manage-
ment flexibility. To solve this issue, the valuation of the

ifj=n

maX(CFi,j;CEJ *F—E)
ROV = ROV, 11 + pyROV; ;
154 max CP;]] *F_E,Cﬁvl,p +1,j+1 }ZZ Lj+1
(1+rf)

where: i,j=0,1,2,...nandj > i

if j€{0,1,2,...,n—1}
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Table 2. Parameters
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Table 4. Sensitivity analysis of volatility

Parameter Value
NPV 398 667.35
o (%) 32.60
u 1.39
d 0.72
) 0.43
P, 0.57
dt 1.00
Expansion factor (F) 1.20
New investment (E) (EUR) 23 240.00
rf(Spanish bond Feb 2, 2022) (%) 0.78
Discount rate (WACC) (%) 4.04

NPV - net present value; o — volatility; # — upward move-
ment of the value os the underlying asset (NPV); d — down-
ward movement in the NPV; p — risk-neutral probability
of an increase in the underlying asset value; p, — neutral
risk probability linked to the decrease of the underlying
asset; dt — T/n (T — project duration, n — stage duration);

T interest risk free rate; WACC — average cost of capital
Source: Authors' own elaboration

project with the possibility of an expansion option
was considered, the results of which are shown in Fig-
ure 2. Once developed, the project’s value taking into
account the management flexibility amounted to EUR
458 832.25 (an EUR 60 164.90 value increase that rep-
resented 15% of the NPV).

NPV =398 667.35 < ROV = 458 832.25

Table 3. Sensitivity analysis of WACC

WACC (%) RO methodology (EUR)
2.50 516 525.31
2.75 506 604.07
3.00 496 894.32
3.25 487 390.71
3.50 478 088.02
3.75 469 050.60
4.04 458 832.25
4.50 443 370.16
4.75 435 162.75
5.00 427 124.43
5.25 419 251.02
5.50 411 538.48
5.75 403 982.86

WACC - average cost of capital; RO — real options
Source: Authors' own elaboration

98

Volatility (%) RO methodology (EUR)
50 463 238.17
45 462 038.03
40 460 782.15
35 459 475.45
30 458 255.77
25 457 679.40
20 457 166.31
15 457 049.11
10 457 042.94
5 457 042.94

RO - real options
Source: Authors' own elaboration

In this study, the effect of certain variables, such
as volatility or WACC, had a direct impact on the valu-
ation through RO. Therefore, these two variables were
analysed in a sensitivity analysis (Tables 3 and 4). The
range of dispersion in both cases was limited, which
reinforces the valuation using the RO methodology.

CONCLUSION

Spain, as a member of the European Union, is also
committed to joining efforts to achieve climate neu-
trality through active policies in agriculture. This
commitment includes reducing the use of pesticides
and fertilisers, which is widespread in the wine sec-
tor, among others. Therefore, the activity carried out
by the company under study represented an encourag-
ing initiative for sustainability and creating synergies
that seek to reduce production costs while reducing
the ecological footprint of the crop.

The services offered by the analysed company re-
duced the risk of fungal disease in vineyards and iden-
tified crop water stress, all through measurements
at weather stations, satellite image processing and veg-
etation mapping. This innovative approach entailed
certain risks, since there is a relative irreversibility and
inflexibility associated with the decision to carry out
this activity. Therefore, the analysis through the RO
methodology was very useful in this case.

Over the last few years, there has been a growing
trend of research conducted on new investment project
valuation models as a way of adapting to the current
business dynamics. The increase in uncertainty due
to COVID-19 (Baig et al. 2020; Bakas and Triantafayllou
2020; Shruthi and Ramani 2021), the need for greater



Agricultural Economics — Czech, 70, 2024 (2): 91-100

Case Study

https://doi.org/10.17221/299/2023-AGRICECON

flexibility in decision-making, as well as the limitations
of discounted cash flow (DCF) models (Hu and Zhang
2015; Locatelli et al. 2020; Zuluaga and Sanchez-Silva
2020), lead to focus research in the field of RO.

Thus, the article proposes the application of the bi-
nomial model to the valuation of an investment proj-
ect related to sustainable innovation in the agricul-
tural sector. Through this application, it was possible
to show that this model confers management flexibility
not provided by classical models, developed through
an expansion option. In this work, the application
of the RO approach projected a greater value than the
NPV method. This means that if the company makes
additional investments in its precision agriculture
project, it will generate a value of EUR 60 164.90.

Despite the advantages provided by the valuation
of RO, it is necessary to highlight that the binomial
model depends on certain assumptions that are carried
out for the calculation of the underlying asset value
(NPV). Therefore, the impact of WACC and volatility
on the valuation of the company was analysed. As a re-
sult, it was concluded that the values obtained through
these analyses did not differ from the initial value cal-
culated. Another limitation of this study was the scar-
city of similar studies in the same sector that would
allow for an interesting comparison of results. Future
research ideas include improving the model by incor-
porating compound options, and using other mod-
els of RO valuations, such as Black-Scholes or Monte
Carlo simulations, in order to study the possible diver-
gence of results.
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