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Hepiinyn

211G LEPEG LAG, Ol avNoLYies Yo TNV avOpdmivy vyeia, TV vrofdaducT tov TepIPAALovVTOg Kot
TOVG SLAPOPOVE KIVOVLVOVG TTOL TOLY TPOKVTTOLV amd TETO0 {NnTrHoTe £X0VV KAdEPDGEL TNV
epappoyn g Atlévtag 2030 yio ) Biwoywn Avdartuén tov Hvopéveov Eévov (OHE) pa
AVOTOPEVKTN VIOYPEMON YO TIG EMXEPNCELS KOl TOVS LRIEVOLVOLS YAPAENG TOMTIKNG.
Qo1060, 1060 01 TOMTIKOL TOPAyovteg, OGO KOl Ol OIKOVOHOAOYOL, Ol EMEVOVLTEC, Ol
emyEpNUaTiec aAAd Kor 1 Kowmvia 610 GUVOAO NG amoBappivovtal omd OLGKOAIES
deEaymyng tétolov kafnKOVIov. TUepA, TEPLGGOTEPO ad TOTE, 01 GLINTHOELS GYETIKA LE TIG
EMYEPNOELG Kot TO TEPPAALOV €xovv ToALATAACIOGTEL, peTatomiloviag TNV €0TioT OTN
onpovpyia a&iog oyetkd pe to 3P, cuykekpipéva, Tov TAAVATY, TOLG AVOPAOTOVG Kot TO KEPOOG
(People, Planet, Profit). Zmv 6w katevBouvon, vrdapyet o Tdon HEImoNns TmV EKTOUTOV
aepiov tov Bepuoxkmmiov ot yewpylo, AL KGO TPOKTIKN TPOG aLTH TNV KotevBvvon
apeoPnreitor OCTE va Unv EXNPEACEL OPVNTIKG TNV TOPUYMOYIKOTNTO KOl TV OIKOVOUIO TV
aypoKTNUaTOV, 010Tt avTd Ba TePople ™V €PAPLOYT TG, AOY® NG LYNANG ToyKOGLLOG
{NTNomg TPOoeit®mV KoL TOL aVTOY®VIGTIKOD TEPBAALOVTOG.

O mpakticég Tewpylog AxpiPeiag (PA) mov ypnoiponolovyv eEomMond vYnNANng texvoroyiog
TEPLYPAPOVTOL GTOV OKAONUATKO KOGHO OTL £X0VV TV KAVOTNTO VO LELDVOVV TIG YEMPYIKES
E1GPOEC OO GUYKEKPUEVEG EQUPLOYES, KABDG GTOYEVOLV KOADTEPQ TIG EIGPOEG GE YMPIKES KoL
xpovikég avaykes. EmmAéov, vmootnpiletar 61t 1 'ewpyio Axpieiog pnopet va ennpedost
feTiKd TNV TOPAYOYIKOTNTA TOV OYPOKTNUATOV KOl TNV TOWOTNTO TOV TPOPIL®V HE TIC
wpaktikes OrokAnpopévng Awyeipiong [apacitwv (IPM) mov tibevton oto emnikevipo. Avt
N gpyacio emdldKel va piEel oG 0to medio TV mpakTikdv ['ewpyiog AxpiPeiog dievepymvtag
pa avaivon kootoAdynong kokiov Long (LCC) mpokeipévou va cuykpivel €61 SopopeTiKES
pvOuicelg avaeopds ™G TOPAY®YNG OUTEAGVOV, Yo vo  aSloAoynoet tOG0 TNV
OMOTEAECUATIKOTNTA OGO Kol TO KOGTOG G OYE0T UE TIG £E1 OLOPOPETIKEG TOPUALAYES [
uepwn g mAnpn epappoyn] tov Hpaxtwov OrokAnpopévng Awyeipiong Iapacitov, yo
TV KOTOMOAEUN G TOL TEPOVOSTOpov. H ouykpitikn avédivon amokdivye OTL, Yo
dedoUEVI YPOVIKT oTIYUN, M €pappoyn tov IPM sivon mepropiopévn Aoy® ¢ SLGKOAMOG H0G
TETO0G EMEVOVONG GE GUYKPLOT UE TIG VILAPYOVGES EVOALUKTIKEG ADoels. o mapadetypa, ot
KEQUAAIOVYIKES dOmAveS ToL oyetilovtor pe TNV amdKTNoN Kot Tn Agrtovpyio Tov
npotevopevov IPM €xovv og amotérecpa yapnidtepn Kabapn [Hapovoa A&io (KITA) and o
OVVOAIKO KOGTOG TOV GYETICETO UE TIG LITAPYOVGES EVOAAOKTIKEG AVGELS, BéTovtag To IPM m¢

™M AMyOoTeEPO EAKVLOTIKY €mEVOLON. Q0T000, 1M OvaAlvon cevapiov JOelyvel OTL KAT® oo



OLLPOPETIKEG OIKOVOUIKEG oLuVONKeg M mpotewvouevny IPM pmopel va glvol puo eAkvotikni

EMEVOLON KL, ETOUEVMG, B LTOPOVGE VO EPUPUOCTEL EVPEWC,.

Aé&Eerg kKAhewa: [ ewpyio Axpifeiog, Oloxinpwuévn Aoyeipion Hopaoitwv, Aviiven Koxioo
Koorovg Zang, Aumeimves



Abstract

Nowadays, concerns about human health, environmental degradation, and its various hazards
have established the implementation of the Agenda 2030 for Sustainable development of the
United Nations (UN), an inevitable obligation for business and policymakers. Yet political
actors, economists, investors, entrepreneurs, and civil society are daunted by the task at hand.
Today more than ever before, discussions concerning business and the environment have
proliferated, shifting the focus on creating value regarding the 3Ps, namely, Planet, People, and
Profit, nonetheless. In the same direction, there is a trend of agricultural greenhouse gas
emissions reduction. Still, any practice in this direction is challenged to not negatively affect
farm productivity and economics because this would limit its implementation due to the high

global food demand and the competitive environment in this sector.

Precision Agriculture practices using high-tech equipment are described in academia as having
the ability to reduce agricultural inputs by site-specific applications, as they better target inputs
to spatial and temporal needs. Furthermore, Precision Agriculture is argued to positively impact
farm productivity and food quality with Integrated Pest Management (IPM) practices put in the
spotlight. By undertaking this investigation, the author seeks to shed light in the field of
Precision Agricultural practices (PA) by conducting a Life Cycle Costing (LCC) analysis in
order to compare six different reference settings of vineyard grapes production, to assess both
the effectiveness and the costs with regards to the six different variations [from partial to full
implementation] of Integrated Pest Management Practices, in combat to downy mildew. The
comparative analysis has revealed that, for the time being, the implementation of IPM is limited
due to the intractability of such an investment compared to the existing alternatives. To
exemplify, capital expenditure related to the acquisition and operation of the proposed IPM
results in a lower NPV than the total cost associated with the current alternatives, setting the
IPM as the least attractive investment. However, scenario analysis has pointed out that the

proposed IPM can be an attractive investment and thus could be widely implemented.

Keywords: Precision Agriculture (PA), Integrated Pest Management (IPM), Life Cycle
Costing (LCC), Vineyards
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1. Introduction

This first chapter of the study will introduce the concept of sustainability in general and its importance
in Agriculture, in particular. Then the problem background of the research, as well as the research

problem, are presented together with the purpose of the study.

In an effort to meet "the needs of the present without compromising the ability of future
generations to meet their own needs" (Our Common Future, 1987), multiple concepts, tools,
and methods, focusing on different challenges have been developed for both companies and
business practitioners to implement. In such conditions, management should ensure not only
the survival and development of entities but also to contribute to the sustainable development
of wider society through the company's business. The low resilience of ecosystems imposes
sustainable management of natural resources through more rational uses, land protection,
energy-saving, and low carbon production technologies. Environmental and economic
sustainability assessment relating to a product, or a process is a severe concern for many
stakeholders, e.g., public deciders, farmers, entrepreneurs, and consumers (Gaillard &.
Nemecek, 2009).

Agriculture and food production is considered as one of the principals responsible for
environmental impacts and natural resources overexploitation, and thus, the agricultural sector
has a great responsibility in managing these resources that are the principal inputs of its
processes. To this extent, it is viewed as preferable to carry out farm management that combines
carbon capture and emission reduction considering several farming phases (Khan & Hanjra,
2009). At the same time, alongside environmental protection, production systems shall pay
attention to economic viability to support both private and public decision-making and meet
consumers' requirements for high quality and low impact products.

In search of how the degree of sustainability of agricultural engineering techniques can
be holistically assessed, a new conceptual model, so-called Life Cycle Managements (LCM),
has risen. LCM has been increased from the necessity to deepen the knowledge with regards
to all impacts (environmental, economic, and social) that occur during every stage of the life
cycle of goods/ services production and consumption, from planning to disposal, or from
"cradle-to-grave" (Guinee, 2002). Recently, LCM has gained remarkable consensus as a
methodological framework and is deemed helpful to decrease footprints as well as add value
to products or supply chains and improve the sustainability performance of a business or

organization (Strano et al., 2013). Life Cycle Costing (LCC) is a widely accepted economic



tool used in rational and systematic management in the primary sector (Sgroi et al., 2015;
Kambanou, 2020), and government planners often request it for decision-making (Andrieu et
al., 2017).

1.1 Problem Background

By examining the latest scientific literature on sustainability discourses, it has become
apparent that Agricultural Sustainability is the most representative discipline-focus issue that
also provides the most numerous links with other fields within the overall landscape of
Sustainability research (Kajikawa et al., 2014). The exponentially growing population,
considering resource scarcity and environmental externalities, is perhaps one of the most
challenging issues of the Anthropocene. This challenge can be divided into two components:
food security and food safety. Simply put, food security regards food free of pathogenic
microorganisms and food security related to adequate food provision for all. In this line, Food
security generally concerns only the developing countries, while both developed and
developing countries may face food safety issues to deal with the demanding food requirements

without compromising human health and Environmental degradation matters.

Food security has been ensured in developed countries by relying on extensive crop
breeding and use of synthetic Plant Protection Products (PPPs) for Plant Disease Control,
synthetic fertilizers and irrigation for crop growth, and heavy mechanization to assist
sustainable productivity yield. Therefore, it is a common belief for both farmers and crop
advisors to follow conventional farming strategies that were established during the Green
Revolution (1950-1960), maintaining significant use of non-sustainable inputs (PPPs,
fertilizers, fossil fuels, etc.) despite the multiple negative impacts that have been identified as

a result to their extensive application.

On the one hand, as the global population will have approached 9 billion by 2050, there
will be increased agricultural demand by 60% (for outputs) in comparison to the annual average
for the years 2005-2007, representing an increase of approximately 1% per annum (UN FAO,
2015). Besides its importance in ensuring food security of society (SDG 2), accountability is
even greater as in most countries agriculture represents a large percentage of total
manufacturing benefit, providing large employers, and has significant importance for the Gross
Domestic Product (GDP) (Tsangas et al., 2020). Therefore, it is implied that the agricultural

sector is considered one of the most vital sectors for economic expansion globally.



However, agriculture simultaneously represents an essential source of emissions that
degrades the environment and impairs the quality of life (Savic et al., 2019). In such a way, the
agricultural sector is facing augmenting challenges that are mostly related to social issues (e.qg.,
food security control, rising demand of food, commercial margins), as well as to environmental

issues (e.g., climate change, environmental protection, and legislation) (Bonneau et al., 2017).

Agriculture is, therefore, under frequent scrutiny because of its fundamental importance
and its high environmental and social impact. Thus, there is a strong demand for a system that
is contemporary, profitable, sustainable, and attuned to diverse needs. As such, multiple
competing systems have evolved. Each has a respective suite of strengths and weaknesses at
the whole farm and aggregate level. Therefore, it is considered as one of the most exciting

domains to be viewed in-depth under the spectrum of sustainable development.

With respect to the current situation of sanitary crisis, while the ongoing COVID-19
pandemic has no connection to food safety in the EU, such a crisis can place both food security
and livelihoods at risk. In this sense, the COVID-19 pandemic has underlined the importance
of a robust and resilient food system even more in the direction that functions in all
circumstances and can ensure access to a sufficient supply of affordable food for citizens.
Furthermore, it has also made people acutely aware of the interrelations between our health,

ecosystems, supply chains, consumption patterns, and planetary boundaries in the cycle of life.
As the General Secretary stated:

"The pandemic has taught us our choices matter. As we look to the future, let us

make sure we choose wisely".
Antonio Guterres
(United Nations Secretary-General, 22 September 2020)

Today more than ever before, it has become clear that we all need to do much more to
keep ourselves and the planet healthy. The current pandemic is just one example of the plenty
of catastrophes that humanity has and will be faced with. The increasing recurrence of
droughts, floods, forest fires, and new pests is a constant reminder that our food system is under
threat and must become more sustainable and resilient (EE, From Farm to Fork, 2020). A shift
to a sustainable food system can bring environmental, health, and social benefits, offer
economic gains, and ensure that the recovery from the crisis (aftermath of the COVID-19) puts

us on a sustainable path.



The transition to sustainable food systems is perceived as both challenging and
promising. Due to the undergoing evolution of markets with citizens' expectations evolving on
a daily basis driving significant change in the food market, such a transition can be an
opportunity for farmers, fishers, and aquaculture producers, as well as food processors and food
services. This transition will allow them to utilize sustainability as their trademark and to
guarantee the future of the EU food chain before their competitors outside the EU do so.
Finally, the transition to sustainability presents a ‘first mover' opportunity for all actors in the
EU food chain (Farm to Fork, 2020).

One of the components of shifting agricultural production systems to more sustainable
paths would be the reduction of synthetic (chemical) Plant Protection Products (PPPs) use that,
even if it has significantly assisted on higher yields, simultaneously has negatively impacted
environmental assets. Doing so seems very difficult for farmers, as there is a fear of yield
reduction with a severe effect on farm economics. Therefore, technological advancements on
both PPP types (introducing biological PPPs) and application methods could be a winning
combination if yields remain at current levels (or even increase) and farmers' income is not
affected.

Such interventions in conventional farm practices seem of more interest regarding farms
occupied with specialty crops that produce high added value agricultural products that: on the
one hand, require regular treatment with PPPs to protect them from numerous pests and
diseases. On the other hand, they produce medium to high income for their owners so that they
can invest in novel technologies and solutions. One of the crop types that follow these criteria
and has a wide application in most European countries is vines for both fresh grape

consumption and wine production.

Between the interventions that could be applied in vineyards, Integrated Pest
Management (IPM) is a modern method of keeping a record of all chemical products used in
farming practices. When IPM is combined with bio-PPPs either entirely or partially substituting
conventional synthetic PPPs, the environmental impact is reduced significantly. If the
application of both synthetic and biological PPPs is conducted using precision techniques, then
it is expected that the final PPP quantities spread in the vineyards are reduced without

jeopardizing yield decrease.



1.2 Purpose of the Study

The purpose of this study is the evaluation of the cost performance related to the
application of PPPs through spraying in a vineyard (table grapes) in Piemonte, Italy, with
regards to six different farming systems and practices to ensure comparable results. This
holistic assessment can be carried out through the implementation of Life Cycle Costing (LCC)
based on capital budgeting (Roselli et al., 2020). LCC concerns the analysis of investment
opportunities involving long-term assets, which are expected to produce benefits for several
years (Peterson & Fabozzi, 2002).

By undertaking the current investigation, the researcher seeks;

= to contribute to the transition to Sustainable development by assessing the economic
impact/ burden that is caused through the adoption of different Pest Management
Practices in general and Integrated Pest Management Systems, in particular.

= To contribute to the research gap characterized in the literature as quantitative evidence
on the potential of IPM to increase economic Sustainability relative to non-IPM strategies
under region and crop-specific growing conditions, and even more within the European
context (Lefebvre et al., 2014).

Therefore, for fulfilling this purpose, the author considers a farmer who wants to invest
in a new Integrated Pest Management System (IPM), and thus they wish to realize whether
such an initiative will be profitable in the long run. The scope of the LCC is to identify the
impact of different PPPs types and application techniques for fungicides related to downy
mildew in the Italian vineyard throughout one year. The vineyard under examination is
assumed to be at full production, in which vine growth is complete and production is stable so
that revenues and costs are constant (Roselli et al., 2020). Only grape production is considered
(vineyard planting phase, growing phase, and end-of-life are excluded from the assessment),
and the only agricultural operations considered are pest management practices to combat
downy mildew in vineyards, always in conjunction with the overall cost of the complete

vineyard operations.



2 Theoretical Framework

This chapter presents and reviews the theories that create the base for this study. Firstly, the main
theories in the field of Smart Agriculture are presented, having as a starting point its origins and as an
ending the latest typology of agricultural practices employed. Afterward, representative literature on
how the profitability of such practices can be assessed is reviewed, justifying the selection of Life Cycle

Costing that is engaged in the next chapter on the materiality analysis.

2.1 Agriculture

Agriculture is a crucial production sector that ensures food as well as a series of materials
and is characterized as one of the most conventional sectors of the economy. It has been facing
various challenges in recent years, such as competition in the world market due to high
production costs and lack of irrigation water. In addition, agricultural production influences the
environment by different means of pollution and the overuse of natural resources because of
the large inputs of raw materials and energy requirements to increase crop yields (Mygdakos
et al., 2004). Therefore, nowadays, to survive competition on an international level, producers
face challenges that regard high quality and low price of produce, using environmentally

friendly methods.

The scientific community is once again called upon to find solutions to these problems.
At this stage, efforts are being made in two directions: biotechnology and new technological
improvements. On the one hand, advances in biotechnology have led to the emergence of new,
more productive crop varieties with more excellent resistance to enemies and changes in
climate, reducing in this way the use of chemical and physical inputs. On the other hand,
advances in electronics and computers are giving rise to new techniques for maximizing farmer
profits and protecting the environment (Markinos et al., 2004), giving rise to what is called
Smart Farming or Precision Agriculture (PA). New applications of technology and electronics
seem to have great potential to address the above-mentioned challenges. Specifically,
Information Technology (IT) has created new dynamic tools, including Geographic
Information Systems (GIS), Experienced Systems, Global Navigation Satellite Systems
(GNSS), and Satellite Remote Sensing, while Agricultural Engineering and other related
Engineering disciplines processes sensors for monitoring cultivation parameters and

autonomous agricultural machines (Karydas and Sillaios, 2000).



2.1.1 Factors affecting agricultural production

A good understanding of the dynamics involved in food production is considered a good
starting point to ensure food security by achieving higher crop yields. Crop yields are
influenced by several factors, and those can be grouped into three basic categories, namely,
technological (agricultural practices, managerial decision, etc.), biological (diseases, insects,
pests, weeds), and environmental (climatic condition, soil fertility, topography, water quality,
etc.) (Metclfe and Elkins, 1980).

To this end, technological progress has always been a critical potential disruption for the
dynamics of the economic and sectoral systems (Tilman et al., 2001). In addition, Agricultural
Productivity has seen a significant increase since the mid-twentieth century due to the existence
of new technologies in agriculture. In fact, the mechanization of agricultural production has
contributed significantly over time to improve the parameters of the cultivation process,
alongside optimized crop varieties, intense mechanization, irrigation, and crop nutrition
through rigorous fertilization, they are believed to have increased agricultural production yields
remarkably (70% in Europe and 100% in the USA) (Lamichhane et al., 2016).

2.1.2 Dependence on Plant Protection Products

According to FAO, pests and diseases are two of the main factors that are responsible for
20% yield loss before harvest in fruits and vegetables globally, according to FAO (Dias et al.,
2016). Plant protection products (PPPs) or pesticides are terms used interchangeably to
describe formulations intended to protect plants and plant products from harmful organisms
during production and storage. PPPs include herbicides, fungicides, and insecticides. It is worth
noting that the use of PPPs has doubled since 1980, as the increased use of PPPs was one of
the main drivers of the "Green Revolution,” contributing to the 2.5-fold increase of crop yields

in developed countries (Keulemans, Bylemans and Coninck, 2019).

PPPs can be categorized as conventional/synthetic PPPs and natural/bio-PPPs
(biopesticides). Conventional pesticides (i.e., only pesticides synthesized by the agrochemical
companies and not those used for centuries, such as sulfur and copper) offer numerous benefits.
The most important benefits include increased crop yields, improved food safety, human health
and quality of life, and reduced labour, energy use, and environmental degradation (Cooper
and Dobson 2007). Synthetic PPPs have been standard practice in industrialized countries for

decades, and together with optimized crop varieties, intense mechanization, irrigation, and crop



nutrition through rigorous fertilization, they are believed to have increased agricultural
production yields remarkably (Lamichhane et al., 2016). Much of the increase in yields per unit
area is attributed to more effective control of pests (pathogens, animal pests, and weeds) based
on the use of conventional pesticides rather than increases in yield potentials (Oerke 2006).
Besides the notable benefits, the use of conventional pesticides over the past five decades has
led to a range of problems in agriculture, the environment, and human health (Geiger et al.,
2010). In addition to the direct costs, there are numerous indirect costs resulting from pesticide
use. To give an illustration, they include monitoring and sanitation for contamination of soils,
drinking water or food, poisoning of pesticide users and farmworkers, and the deleterious
effects on non-target organisms such as bees and other beneficial insects, fish, and birds (
Lamicchane, 2016). Although it is general knowledge that many pesticides cause harm to the
environment and to human health., the calculation of the total external costs related to a
pesticide and their varying formulations for individual applications is complex. Consequently,

no estimation of such costs has been made at a practical level (Leach and Mumford 2008).

Bio-PPPs, on the other hand, have gained attention recently and are defined as mass-
produced agents manufactured from a living microorganism or a natural product and sold for

the control of plant pests used in organic agriculture (Chandler et al., 2011).

Lately, while the development of new conventional (synthetic) PPPs has decreased, the
number of bio-PPPs has increased notably, partly because of legislation issues. Both health and
environmental concerns about the risks posed using PPPs have led the European Union to
introduce a series of measures in 2009, which is commonly referred to as the "pesticides
package," consisting of four pieces of legislation related to pesticide use (Regulation EC No
1107/2009). Within this package, the Sustainable Use of Pesticides Directive has provided a
framework for action to promote the adoption of low PPP input pest management approaches,
in particular Integrated Pest Management (IPM) (EU 2009a). In this sense, EU's legislation is
stringent to ensure a high level of protection for all, human health, and the environment, making

PPPs among the best-studied categories of products®.

PPPs usage contributes to crop losses reduction (Oerke, 2006). Crop losses can occur due
to weeds, pathogens, viruses, and animal pests. The total crop loss without any crop protection

is referred to in the literature as the potential loss. In practice, losses will be lower due to the

http://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_IDA(2017)599428



use of synthetic PPPs (conventional agriculture), bio-PPPs (organic and conventional
agriculture), and other cultivation measures, such as mechanical weed control, crop rotation,
biological control (e.g., pheromones, biological control organisms) and resistant cultivars.
Therefore, it becomes apparent that without PPPs, including bio-PPPs, the food security of 11
billion people in the future is threatened?. On the other hand, it is still ambiguous whether it is

possible to reduce the use of PPPs without yield reduction.

The exact relation between PPPs application and their effect on productivity yield is
difficult to be proved based on experimental data, and thus, evidence shows that quantitative
studies on the impact of PPPs on yield quantity and quality are limited. However, rough
estimates of the reduction in yield losses are estimated to be around 80% of the potential loss
when PPPs are banned, and crop protection is carried out by other cultivation measures. This
percentage depends to a vast extent on crop, region, and potential yield (Kawasaki and
Lichtenberg, 2015). Many studies show inconsistent results of the effect of PPP reduction and
productivity or profitability, especially when organic (lower use) and non-organic farmers

(higher use) are compared (Seufert et al., 2019).

Overall, it becomes clear that PPPs have a negative effect on biodiversity and other
environmental factors; however, these impacts are overruled at the global scale by the historical
changes in land use of all agricultural systems. The contribution of PPPs to other environmental
sustainability factors such as eutrophication and acidification has been deemed minor
compared to those of nutrients, and these impacts are lower in conventional agriculture
compared to organic farming. In any case, a reduction in PPP applications will contribute to
more sustainable agriculture. Therefore, there is a need to reduce reliance on PPPs without
affecting production yield. As the literature review indicated, it seems more promising to
implement more sustainable practices as reduced uses of PPPs, in IPM production systems and
in organic farming (Dicks et al., 2019).

PPPs are mainly applied, especially in conventional agriculture, using hydraulic and
hydro-pneumatic sprayers. The principle of the operation is to convert a PPP mixture with
water into droplets that will be sprayed upon the canopy of the selected crop. Unfortunately,
this method is characterized by a high degree of inefficiency and a significant amount of active

ingredients ending up elsewhere in the environment (Graham-Bryce, 1977), causing severe

Zhttp://www.europarl.europa.eu/thinktank/en/document.html?reference=EPRS_IDA(2017)599428



contamination to natural resources (water, air, soil). Bio-PPPs show attractive properties, such
as their little or no toxic residue production, alongside significantly lower development cost
compared to synthetic PPPs. Another vital advantage of bio-PPPs to be noted is that they can
be applied with farmers existing spray equipment, and thus a potential shift to more sustainable
PPPs usage would not entail unbearable investment costs related to the acquisition of new
spraying equipment. On top of that, the literature identifies those agricultural practices that use
fewer PPPs per hectare as possibly cheaper than practices more PPP intensive, without
increasing the cost due to substitutes (Boussemart et al., 2012). Finally, another beneficiary
aspect would be a favourable cost-benefit ratio regarding substitution of chemical control with
biological as well as achieving cost dominance if size and scope dimensions are taken into

consideration (Boussemart et al., 2012).

2.1.3 Environmental Impact of Agriculture

The pressure to increase crop production in many countries has resulted in the expansion
of land area dedicated to agriculture and the intensification of cropland management through
practices such as irrigation, use of large quantities of inputs like inorganic fertilizers and
synthetic chemicals for pest and weed control (Oldfield, Bradford, and Wood, 2019).

These practices have resulted in degradation of soil properties and water quality,
acceleration of soil erosion, contamination of groundwater, and decline of food quality. This
has prompted sustainable intensification initiatives to increase yields on existing farmland

while decreasing the environmental impact of agriculture (Ngoune and Shelton, 2020).

Agriculture plays a small part in the economies of the European Union (EU), accounting
for about only 2% of the total EU gross domestic production (GDP) and 5% of the EU's
employment (Brown, 2000). Besides, its impact on the environment and natural resources is
particularly significant, accounting for 45% of the EU’s total land use and over 30% of total
water use (World Energy Outlook, 2014). Additionally, the agricultural sector is responsible

for significant environmental issues such as greenhouse gas (GHG) emissions.

There is growing recognition about the importance of reducing GHG emissions from
agriculture to meet the Paris Agreement. The recent IPCC Special Report on Global Warming

confirms that there is an essential role for land-use sectors, including agriculture, in stabilizing
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global temperatures® (IPCC, 2018). Fruit products are generally considered to have a lower
environmental impact potential than most foods in the western diet. In fact, various studies
examining the carbon footprint of different food choices have reported that fruit is the food
category with the lowest environmental impact potential (e.g., Wallén et al., 2004; Berners-
Lee et al., 2012). Moreover, the average quantified energy consumption of different diets is

given below (Carlsson-Kanyama et al., 2003):

e 5 MJ per kg of in-season fruit (opposed to 26 MJ per kg of out-of-season fruit)

15 MJ per kg of vegetables,

17 MJ per kg of bread and flour products,

33 MJ per kg of dairy products
37 MJ per kg of meat
75 MJ per kg of fish products

Therefore, it becomes evident that the environmental impact potential of fruit production
is the lowest in relation to most food categories, and thus further efforts should be undertaken
in investigating how such potential could become standard practice to achieve maximum

environmental benefit through widespread adoption and achieving economies of scales.

Although the low energy requirements, fruit production is considered an intensive
agricultural system in terms of inputs of pesticides and fertilizers as well as in capital and
material (Mouron et al., 2006a (cited in Cerutti, 2013). Unlike field crops, the life cycle of
which is completed in under a year, fruit systems involve plants with very variable duration
(10-30 years) depending on the crop and the management practice (Mouron et al., 2006a). The
long cropping cycle of grapes implies that there are processes that occur only one time over the
entire life cycle (e.g., during the establishment and disposal of the vineyard) and others that are
repeated a couple of times depending on the length of the cycle (pruning and fertilization).
Therefore, it is essential to reduce PPPs in fruit production, given the numerous applications
that are executed in perennial crops.

2.2 Precision Agriculture (PA)

Precision Agriculture (PA) is a relatively new method of agricultural management,

according to which, by definition, inputs and cultivation practices are applied according to the

COM/TAD/CA/ENV/EPOC(2019)9/FINAL.3
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needs of the soil and crops, as they vary in timely and temporary aspects (Whelan &
McBratney, 2000). In other words, the term smart farming or PA refers to the method of
managing spatial and temporal needs accordingly to improve economic performance alongside

reduced inputs and environmental impact.

PA systems were initially developed in the late 1980s and 1990s. A significant impetus
to the development of PA systems was given by the first application of yield mapping sensors
applied by Massey Ferguson to combine harvesters, a practice that was executed to identify the
production variability of each land parcel and correlate it with soil and crop, management as
well as climatic characteristics. These systems improved during the 1990s and even more in
the 00s, mainly due to the improvement of positioning systems on the earth's surface by means
of satellite signals (GNSS) (Gemtos et al., 2006).

The precondition for the application of PA and consequently the application of inputs
with variable dosage (Variable Rate Application) is the knowledge of spatial variability.
Variability exists in all fields and can be either spatial or temporal. The first (spatial) concerns
measured characteristics of the crop and its soil in the area, while the second (temporal) may
affect, for instance, some soil properties that are stable over time or change slightly from year
to year, such as soil organic matter and mechanical composition. In addition, other soil
properties, such as nitrate levels and soil moisture, together with the condition of the crop, can

change within hours. (Blackmore et al., 2003).

When undertaking PA practices, there is potential for higher returns by (i) keeping either
the same number of inputs but redistributed or (ii) even using a reduced inputs for the same
returns. It is important to note that, with the term inputs, at this point, the author refers to
fertilizers (Miller et al., 2003), PPPs (Miller and Salyani, 2005), irrigation water (Perry et al.,
2002), and seed (Mason et al., 2007), as well as energy carriers (diesel, electricity, gas) to allow
for field applications execution. Among others, one of the main goals of PA is to increase the
efficiency of crops while at the same time improving the quality of the produce. The main
objectives of PA can be summarized as follows (Balafoutis et al., 2017; Fountas & Gemptos,
2015, p.10):

o improving crop Yyields through better information and targeted interventions,
o improving product quality through the rational use of inputs (especially agrochemicals),

saving resources and production rates (e.g., energy, irrigation)
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o Improving environmental protection by minimizing the adverse effects on nature (e.g.,

soil, water resources).
2.2.1 Technologies employed in Precision Agriculture

The technologies used by PA are related to all production stages from seeding to

harvesting, and those are briefly described below (Fountas & Gemptos, 2015, p. 11-12):

1. Global Navigation Satellite System (GNSS): refers to the general term for satellite
navigation systems that provide autonomous geospatial information worldwide. The
GNSS system allows the receivers to record their location (longitude, latitude, and altitude)
with an accuracy of a few meters (Fountas & Gemptos, 2015, p. 52).

2. Geographic Information Systems (GIS): GIS refers to spatial data management systems
that collect data for specific geographical locations, which they analyse using specific
map-based software. They provide one thematic map, which is essentially an interactive
data map for a particular geographical area. The thematic map can refer to altitude,
precipitation, temperature, humidity, nutrient capacity, soli characteristics, and more. With
the help of the geographic information system, the farmer can control the input levels by
keeping a record of these results in a spatial order (Lei et al., 2011).

3. Sensors (e.g., yield mapping, measurement of soil parameters, etc.): refer to devices that
detect a physical size and produce a measurable output from it. In this way, it is possible
to map different properties of the crop and the soil, recording crop growth and soil fertility
of the fields, respectively. Crop sensors measure canopy size and vigour, while soil sensors
monitor water content, soil mechanical composition (Williams et al., 1987), organic matter
(Janes et al., 1994), complex horizon depth, CEC (McBride et al., 1990), salinity as well
as the exchangeable calcium and magnesium (Lund et al., 1999). Electrical conductivity
mapping can be quickly done by connecting a conductivity measuring device to an
attached vehicle and adjusting a GPS location receiver. The variability of all these factors
in the field area is likely to cause the corresponding production variability.

4. Remote sensing: is the science and technology of observation and study of characteristics
of the earth's surface from a distance, based on the interaction of the materials contained
therein by electromagnetic radiation. Remote sensing collects information about an object
without contact. The two most common methods of remote sensing are aerial photography
and satellite imagery. Electromagnetic radiation is the key element of remote sensing.
When electromagnetic radiation encounters an object, it can be reflected, absorbed, or

transmitted. Depending on the object to which the electromagnetic radiation strikes,
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different wavelengths of radiation react differently. By measuring the reflected radiation
from the plants, one can gather information about water content, nutritional status, etc. For
measuring such elements, vegetation indices are used, which are mathematical
combinations of channels (spectral regions), mainly near-infrared (NIR) and red (R). The
important and used indicator produced by these measurements is the Normalized
Difference Vegetation Index (NDVI), which is given by the following equation:
NDVI = (NIP-R) / (NIR+R).

It takes values between -1 (no vegetation coverage) and 1 (full vegetation coverage). This
indicator is used for measurements of characteristics such as biomass, concentration
chlorophyll in the sexes, etc. Another indicator is the Normal Difference Soil Index
(NDSI), which refers to the normalization of the soil difference and is used for
measurements of soil characteristics. Finally, there is also the Normal Difference Water
Index (NDWI) that is used for the measurement of water characteristics. These indicators
are the most basic, and through them, the indicators listed below have emerged.

. Variable Rate Application Technology (VRA or VRT): these regard agricultural
engineering systems installed in agricultural machinery that change the amount of input
and, if deemed necessary, change the type of inputs (e.g., the variety of the seed, the type
of fertilizer, etc.). They apply the inputs according to the needs of the field at the given
time, which may differ from plant to plant. VRA systems are based on both mapping
techniques and on sensors. There are two methods of differential dose technology: map-
based and sensor-based. Map-based requires a prescription map and a GPS to determine
the location in the field. As the machine applying the inputs proceeds to the field, it changes
the dose based on the application map (the coordinates of the management zones). The
sensor-based method requires neither a map nor a GNSS device. Sensors are mounted on
the applicator and measure soil or crop characteristics as it moves through the field. The
information is transmitted to a program that calculates the needs of the soil or plants and

transfers the information to an application device that distributes the inputs.

2.2.2 Benefits of Precision Agriculture

Among the various benefits of PA practices, one can easily recognize the creation of a

database (regarding multiple years) that allows the farmer to combine production elements and

weather conditions/characteristics to predict the production and apply adaptive measures for

its best management. Another critical element of such practices is the GNSS usage, which is
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capable of recording machinery movements in the production field. This is a crucial aspect
given that if it can be linked to the tasks performed, then it provides the opportunity for the
farmer to create a database that could be used for traceability of production and later for their
certification. These databases can be used as certification of work for certification bodies, but
also for the certificate of compliance with cross-compliance by control mechanisms. At the

same time, it creates the copestone for the estimation of the times of the tasks to be executed.

Other important aspects to take into consideration are that by using VRA technologies,
significant accuracy in applying the required doses for cultivation can be achieved, as well as
better product quality, alongside saving resources, reducing production costs, and reducing
the negative impact of agriculture on the environment, which is highly desirable by both
consumers and governance. Overall, PA can contribute to the saving of natural resources by
streamlining inputs. The rational application of inputs contributes substantially to the
protection of the environment, as it reduces the addition of polluting chemicals (fertilizers and
PPPs). They limit the deep filtration of elements that pollute groundwater aquifers, but also the
elements that are transferred to groundwater aquifers by erosion. It also reduces greenhouse
gas emissions by adding the desired elements at the exact time and reducing the machinery
passes through optimum routing and limited times of operation in the field (Fountas &
Gemptos, 2015).

Besides all the above-mentioned benefits, the adoption of PA technologies on the
European level remains at low levels. This might be the case due to the high investment cost
related to its implementation as well as an incomplete understanding of its benefits. Shedding
light in this direction, academic evidence proved that adaptation of PA practices is directly
related to the size of the farm under investigation (Polling et al. 2010). For instance, research
conducted in the largest plot of lands in Denmark showed that cost reduction could be achieved
(Jensen et al., 2012);

o 25% - 27% regarding fuel consumption

o 3% - 5% with regards to fertilizers and Plant Protection Products (PPPs).

As it can be seen from the above, PA can make a significant contribution to better
management of the agricultural system and is expected to be increasingly implemented in the
coming years. A significant problem to be addressed is the cost of purchasing equipment and
software, as well as training farmers. Today, many of the technologies are characterized by

high cost; however, as in all electronic systems, the cost is constantly falling day after day,
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which is probable to make the new technologies more attractive and accessible (Fountas &
Gemptos, 2015). By setting the variable inputs at the optimal level, one of the goals of PA is
to preserve the environment in the long run and eliminate environmental degradation. On top
of that, applying PPPs only where it is essentially needed contributes to the reduction of PPPs
usage, which in turn can be both environmental and economically profitable (Bongiovanni and
Lowenberg-Deboer, 2004). Economics is one of the most important reasons for the transition
from traditional management to PA. Precision farming can affect production costs and crop
yields (Fountas & Gemptos, 2015).

2.2.3 Integrated Pest Management (IPM)

Integrated Crop Management (IPM) is discussed in the literature as the middle-point
between biological and conventional agriculture. That is because IPM can combine intensive
production practices while at the same time accounting for natural resources protection, food
quality, the health of both producer and consumer, as well as it incorporates innovative

technologies to ensure agricultural income.

Besides, IPM incorporates a wide range of rules that are usually applied in biological/
organic agriculture, given that both approaches aim at minimizing the negative environmental
impact resulting from the use of chemicals in agricultural practices. IPM, as it is described in

the Sustainable Use Directive, is defined as a system based on three main principles:

Q) The use of integration measures that discourage the development of a population of
harmful organisms (prevention).
(i) The careful consideration of all available plant protection methods; and

(iii)  Their use to levels that are economically and ecologically justified.

According to Lefebvre et al. (2014), since the introduction of IPM principles in 1959,
academia has recognized many benefits resulting from its implementation. However, despite
the various benefits expected from IPM, not all utilized agricultural areas in Europe are
cultivated according to IPM principles. More specifically, although the adoption of IPM is
rather commonly applied in orchards and protected (greenhouse) production systems, it
remains marginal, mainly in arable and field crops. To the other end of the continuum,
according to the EU legislation (EU 2009b), all professional users of PPPs should follow the
general principles of IPM already since 2014.
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2.2.4 Incentives for Integrating Pest Management Practices

Other than the above-mentioned jurisdictive incentives, in modern agricultural systems
responding to market signals is an essential driver for the adoption of new technologies and
practices (market pull). Above all, the profitability of new technology for a given farmer is
determined by the characteristics of the production technology itself (its impact on quantity,
quality, and costs), as well as by several farm-specific factors, such as farm size, human capital,
labour availability, financial constraints, access to information, new inputs and importantly,
markets (Goodhue et al., 2010). Therefore, the factors likely to encourage European Farmers

to adopt IPM principles can be summarised in three categories;

Q) Cost-effectiveness of IPM principles
(i)  Opportunities offered to IPM principles in the market

(iii)  Behavioural factors, non-financially related

There is a high diversity of IPM-based practices, ranging from "almost no IPM" to
"ultimate IPM". At the same time, IPM is characterised in the literature as a dynamic and
continuous process, where the different strategies that are part of the IPM are rarely
simultaneously implemented (Lefebvre et al., 2014). Therefore, it becomes apparent that the
profitability assessment of stepwise or partial adoption is rendered rather tricky, given that the
efficiency of pest control is often obtained because of the complementarities of the different

components within the IPM portfolio or spectrum (Zepeda et al., 2006, cited in Lefebvre).

Regarding IPM and costs analysis, the current literature states that PPPs use can be
reduced without reducing the total production yield or undermining the quality of the product.
Still, results indicate considerable differences noted across countries. For instance,
Boussermart et al. (2012) showed that agricultural practices using fewer PPPs per hectare are
deemed preferable as they are cheaper than more intensive PPP practices -without increasing

the costs due to higher use of substitutes-.

2.2.5 Grapes Production
Grapes hold first place in fruit crops worldwide in terms of the total value of production,

followed by apples, watermelons, bananas, mangoes, and oranges. The cultivation of grapes is

widely spread around the world, and the fruit can be consumed both as fresh (table grape) and
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as a processed product (mainly wine) (Roselli et al., 2020). It is worth noting that, in 2012,
world production of grapes was realised in 6.97 million (FAOSTAT, 2012). With regards to
grapes production, Italy is the eighth highest producing country (followed by China, India, and
Turkey) and comes second in terms of exports, with 450 thousand tons of table grapes, for a
value of 550 million euros (OlV, 2016).

Regarding the aspects concerning the production of table grapes, the literature identifies
that it is a system commonly managed through high levels of farming intensity (i.e., high yields
obtained using high input quantities). Controlling pests in a vineyard is considered a "key
factor". For accomplishing this correctly, the correct diagnosis of a specific disease before its
outbreak and the knowledge of the weaknesses in its life-cycle is a must. Some of the most
common diseases/pathogens for the grapevines are: Downy Mildew (Plasmopara viticola),
Powdery Mildew (Uncinula necator), and Botrytis Bunch Rot (Botrytis cinerea) from the

fungi's category (Goldammer, 2018).

2.2.6 Grape Downy mildew

Downy mildew is a highly destructive disease of grapevines in all grape-growing areas
of the world where there is spring and summer rainfall at temperatures above 10 °C (50 °F).
Crop losses in individual years can be 100% if the disease is not controlled during favourable
weather (Ash, 2000). Additionally, early infection of young bunches can lead to significant
crop loss, whereas severe leaf infection affects the source-sink relationship in the vine and may
lead to defoliation and possible sunburn or lack of fruit ripening. It is said that this destruction
of leaf tissue may affect sugar accumulation and growth in the subsequent. There are no suitable
sources of resistance in commercially acceptable varieties, so fungicides are the primary means

of disease control.

Grape downy mildew caused by the oomycete Plasmopara viticola is characterized as the
most severe threat to vineyards (Ash, 2000). According to Ash (2000), the disease affects all
green parts of the vine and particularly leaves, inflorescences, and youngberries, causing a
significant impact on vyield if control measures are not implemented. Current strategies for
controlling grapevine downy mildew are mainly based on the use of preventive copper or
mancozeb treatments from the beginning of the period during which plants are susceptible to

infection. Systemic fungicides should be applied from before bloom to mid-summer, which is
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the period of the crop's fastest growth and the highest level of susceptibility. Later in the season,

preventive contact fungicides are generally preferred.
1.1.1.1 Symptoms and Signs

The disease gets its name "downy mildew" from the presence of this downy growth.
Although all green parts of the grapevine are susceptible, the first symptoms of downy mildew

of grapes, caused by Plasmopara viticola, are usually seen on the leaves (Ash, 2000).

Figure 1 Symptoms and signs of downy mildew

Foliar symptoms appear as yellow circular spots with an oily appearance (oil spots). A
brownish-yellow halo surrounds young oil spots on young leaves. This halo fades as the oil
spot matures. The spots are yellow in white grape varieties and red in some red grape varieties
(e.g., Ruby Red). Under favorable weather conditions, many oil spots may develop and
coalesce to cover most of the leaf surface (Figure 2). After suitably warm, humid nights, a
white downy fungal growth (sporangia) will appear on the underside of the leaves and other
infected plant parts (Figure 3).In late summer and early fall, the diseased leaves take on a
tapestry-like appearance when the growth of the pathogen is restricted by the veinlets (Figure
4).

Figure 2 Symptoms and signs of downy mildew 2

Although mature berries may be symptomatic and harbour the pathogen, they may not

support sporulation even when provided with ideal conditions. Infected parts of young fruit
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bunches turn brown, wither, and die rapidly. If infections occur on the young bunch stalk, the
entire inflorescence may die (Figure 5). Developing young berries will either die or become

discoloured if between 3 and 5 mm in diameter (Figure 6).

2.3 Life Cycle Assessment (LCA)

Since sustainability gains importance for decision-making in policy and business cycles,
interest in sustainability assessment tools is growing. To deal with the three pillars of
sustainability, namely environmental, societal, and economic, different assessment tools have

been developed (Gasparatos and Scolobig, 2012).

One of the most important sources of information for decision-making is cost accounting
(Savic et al., 2019). However, the information generated by conventional costing systems has
been criticized as an inadequate response to capture costs in relation to a products' Life Cycle.
According to the most recent literature, one of the most recognized methods globally for
assessing both socioeconomic and environmental impact associated with a product is called
Life Cycle Assessment (LCA) (Hospido et al., 2003). The Life Cycle Assessment (LCA)
approach is widely used to evaluate the environmental impacts of foods and products, while its
use in agricultural systems has clearly risen in recent years (PréSustainability, 2014). It is
basically an environmental management tool that aims at sustainable development, pollution
prevention, and protection of non-renewable natural resources. LCA is a data-intensive
methodology that offers a set of alternatives to decision-makers. By providing a quantitative
basis for assessing the potential improvements in the environmental performance of a system
throughout the life cycle and minimizing to the least the anthropogenic impact to the

environment, LCA is argued to create a significant potential in the decision-making process.

Nowadays, such a process is standardized via the 1SO 14040-14043 standards and
incorporates four basic steps (1SO 14040: 2006):

* Goal and scope definition
» Life-Cycle Inventory
* Life Cycle Impact Assessment

* Life Cycle Interpretation
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2.3.1 Life Cycle Costing (LCC)

As it was previously discussed, LCA is a systematic method that takes a full life-cycle
approach to evaluate the environmental benefits and burdens from the production,
transportation, use, and end of life of goods and services. Life Cycle Costing (LCC), which
also employs a life-cycle approach, applies it to the direct monetary costs from a product or
service from production through transport, use, and end of life and does not include
environmental impacts. Already in the early 1990s, the concept of LCC was incorporated into
British quality standards and later into international ISO standards (1SO 14040: 2006). On a
European level, LCC is to assess, evaluate and finance investment plans and the formulation
of political actions (Schneiderova Heralova, 2013). LCC aims to evaluate the cost-effectiveness
of alternative design strategies by considering the potential initial and operational costs that
will be incurred over a specified period. Only values that can be expressed in monetary terms
are considered in LCC calculations; thus, intangible impacts such as comfort and

environmental load are neglected (Gundes, 2015).

LCC can be employed throughout different stages of the life cycle of a project or asset
under examination and is employed mostly for two reasons. On the one hand, as an absolute
analysis, when used to support the processes of planning, budgeting, and contracting for
investment in constructed assets. On the other hand, as a relative analysis, when used to
undertake robust financial option appraisals, for example, in relation to the potential acquisition
of assets, design approaches, or alternatives (Langdon, 2007, p.10)

Generally, LCC is applied for the purpose of determining whether the higher initial cost
is counterbalanced by reduced future cash-flows (FCFs), but also to assess and evaluate
whether an alternative to the option which does not contain initial investment costs in the early
stages but exhibits higher costs in the future, is more cost-efficient (Clift, 2003). More
specifically, LCC is often employed to a great number of applications to support decision-

making in various ways. Some examples are provided below (Langdon, 2007, p.10):

o Facilitation of effective choices between different means of achieving desired
objectives (e.g., reducing energy use or lengthening a maintenance cycle).

o Helping to achieve an appropriate balance between initial capital costs and future
revenue costs.

o Assisting in identifying opportunities for greater cost-effectiveness (e.g., selection of

components with a longer service life or reduced maintenance requirements).
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o Acting as a tool for the financial assessment of alternative options identified during a
sustainability analysis (e.g., components with less environmental impact or systems
with greater energy efficiency).

o All-embracing, by instilling greater confidence in decision-making in a project.

2.3.2 Limitations of LCC

Although the numerous advantages of an LCC assessment, the literature suggests that
one will face some difficulties once deciding to run it. First and foremost, LCC is a time-
consuming and human capital-intensive process (Raymond & Stener, 2000). Therefore, it is
argued that there is a strong need for incentives provision in order to create value-added for a
possible customer (Ashworth, 2014). Furthermore, another prevalent limitation related to the
implementation of an LCC is discussed in the international literature as the "data problem”
(Flangan & Jewell, 2005), described as lack of information on the extent of application of LCC
in organizational contexts. In addition, there is little systematic data available, while even more
are not considered valuable or properly documented (Emblemsvag, 2003). At the same time,
there is a lack of an institutional framework for data collection, storage, and knowledge
diffusion in research (Bakis et al., 2003).

Literature also identifies another limiting factor of this method, namely ignorance of its
benefits from the customer's perspective, as the majority seems not to be aware of the
capabilities of LCC. Thus, there is the need for raising awareness and informing the customer
to the point that one is convinced (Raymond and Sterner, 2000) to "pay the cost" that comes
with it.

Speaking of, one of the main reasons for the unwillingness to employ an LCC is that it
comes with the initial costs, while its benefits are to be actualized later in the future. This is
because it is difficult to determine the economic and quantitative benefits in order to convince
the farmer to adopt it (Fountas et al., 2005). In this sense, it becomes apparent that when
customers are forced to make decisions that will increase their initial costs, in order to achieve
and actualize cost savings from the total operating costs in the future, then they will bear the
high costs only if the benefits are clearly and distinctly (Drake, 1976).

Therefore, the literature review suggested three main factors that can influence the extent

to which LCC analysis is used in business. Those are:

i) Identifying customer characteristics
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ii) Information technology (IT)

iii) Obtaining Competitive Advantage

2.3.3 The Different Types of LCC

When one is seeking to employ an LCC assessment, one will find oneself upon the

decision of which is the most appropriate LCC type to be employed. There are three types of

LCC, and all three have a function-oriented systems perspective, implying a life cycle approach

of some sort (Figure 3).

Further External Cost

To Be Internalized External Cost

Internal Cost

Knowledge Production of Use and

Development Materials or Comlponents Maintenance
Manufacturing

End-of-Life
Management

— Conventional LOC: Assessment of internal costs, mostly without EolL costs; no LCA
--- Environmental LCC: Additional assessment of external costs anticipated to be internalized in
the decision relevant future; plus LCA in societal = natural boundaries

e Societal LCC: Additional assessment of further external costs

Figure 3 Types of LCC

Table 1 Types of Life Cycle Costing

Aspect Conventional Environmental
Value-added - Consistent environmental
compared to assessment (LCA)
conventional

LCC

Product system  Life cycle, without EoL  Complete life cycle
(model) phase

System Only internal costs Internal costs, plus
boundaries external costs expected to
be internalized
Perspectives: Mainly 1 actor, One or more actors
actors (manufacturer, user, or  connected to the product
consumer) life cycle

Societal

Opportunity costs or
credits considered

Complete life cycle

Internal plus all (costs of)
externalities

Society overall, including
governments
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Reference unit
Cost categories

Cost model

Discounting of
result LCC

Discounting of
Cash flows for
calculation

LCA according
to I1SO 14040/44

Standards and
guidance

Use in the Life
Cycle
Management

Item or product
acquisition costs (R&D
costs and investment
costs) and ownership
costs (operating costs,
maybe disposal costs)

quasi dynamic
model(generally)
recommended
(but usually not
applied)
recommended

no

ISO 15663 (2000-1)
Various (ISO, IEC,
SAE, AS/NZS, etc.)

Mostly internal
decision making to
private organization
and supply chain
considerations

Functional unit
development, materials,
energy, machines, labour,
waste management,
emission controls,

transport, maintenance and

repair, liability, taxes, and
subsidies
steady-state model

inconsistent and not
recommended

recommended

yes

None (LCA: ISO
14040/44 2006)

Mostly internal decision

making of producer or user

of product, but also for
external communication
(similar to LCA)

System

construction,
maintenance, and
environmental damages;
taxes and subsidies have
no net cost-effect

guasi-dynamic model

(generally)
recommended

recommended

not recommended

For various elements
thereof, including from
the UN and OECD
(Dasgupta et al. 1972;
Little and Mirrlees 1969)
Mostly internal to public
organizations

According to Rebitzer and Hunkeler (2003), there are two types of costs to be identified,

the distinction of which is presented below:

e Internal Costs: This category refers to internal costs along the life cycle of a product,

implying that someone — a producer, transporter, consumer, or other directly involved

stakeholder — is paying for the production, use, or EoL expenses, and, thereby, the internal

costs can be connected to a business cost. This cost definition concerns all the costs and

revenues within the economic system (inside the fine lines in Figure 3). Internal costs can

be divided into costs inside or outside an organization, depending on the perspective.

e External Costs: This category, also called externalities, refers to costs that are already

priced in monetary units due to their to-be-internalized character in the decision-relevant

future and remain so; there is no conversion from environmental measures to monetary

measures or vice versa. There should be no double counting of externalities in LCC and

the complementary LCA.
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Referring to the views of Hunkeler and his colleagues, in their book Environmental Life
Cycle Costing (2007), they highlight two traditional critical approaches to costing that are
closely related to LCC, namely, Total Cost of Ownership (TCO) and Activity-Based costing
(ABC). On the one hand, TCO is perceived as to help consumers and enterprise managers to
assess the total costs related to the use of an item (Ellram, 1993). TCO and user's or consumers'
LCC do overlap, as the TCO has a strict user perspective focusing on the acquisition and use
phase (investment, maintenance, operation, support, etc.). On the other hand, ABC supports
manufactures to calculate the true cost of an item by assessing the overhead and other general
costs to products (and services) in addition to direct and indirect costs (see Roztochi, 1998).
Although in both approaches, no environmental assessment or external costs are included, the
ABC method has been criticized as lacking the life cycle perspective; hence it is not considered
qualified as LCC in the literature.

2.3.4 Life Cycle Costing - Implementation procedure

According to Hunkeler and his colleagues (2015), there is a specific procedure for
information gathering and for both identifying and quantifying and finally calculating the cost
data. Cost data calculation can be tailor-made per unit process or subsystem of the product
system model to allow for aggregation to life cycle costs for the production, use, and end-of-
life phase. This procedure consists of six stages, and those are summarized as follows
(Hunkeler et al., 2015, p. 44 -46);

o Step 1) Identification of the subsystems or unit processes that could result in different costs
or revenues (in the following steps, only the term “costs” is used, denoting both costs and
revenues).

o Step 2) Assignment of costs or prices to the respective product flows of the unit processes
or subsystems identified in step 1, with the process output as a reference unit (e.g., 1 kg
intermediate product).

o Step 3) Identification of additional cost or price effects of the unit processes or subsystems
identified in step 1 that differ between the studied alternatives (other operating costs of the
processes taken into account investments, tooling, labor, etc.)

o Step 4) Assignment of costs or prices to the additional process operating costs identified

in Step 3, with the process output as the reference unit.
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o Step 5) Calculation of the costs per unit processor subsystem by multiplying the costs per
reference unit from steps 2 and 4 with the absolute quantities of the process outputs for
providing the reference flow(s) of the complete production system.

o Step 6) Aggregation of the costs and prices (from the same perspective, both are outflows)

of all unit processes or subsystems (from step 5) over the complete life cycle.

Step 1 Step 2 Step 3 Step 4 StepS Step 6
g D) Mt D) D) G D)Cubhn D) on
anmng development implementation Assignment p Aggregation

Figure 4 Graphic representation of the six stages of Life Cycle Costing
(Hunkeler et al., 2015)

To calculate the costs related to the life cycle of a product (Step 5 & 6: Calculation of the
costs per unit process or subsystem = life cycle phase, aggregation of the costs) the following
equation is used (Hunkeler et al., 2015, p. 47):

Life Cycle phase processi costel. p flow
LCC = Z Z (ui X Z Z amount q X costs p) (1)
life cycle phase 1 process 1 costell flow1

Where:

I = process -specific variable

p = cost category — specific variable

q =process flow- specific variable (can be either input or output)
u = process scaling factor related to the product system

n = life cycle phase- specific variable

To sum up, LCC Analysis is deemed as a precious tool that can be utilized in all different
life stages of a product's life cycle. It can be possibly utilized to assist decision-making, given

that it can provide cost accounting information from a life cycle perspective. Therefore, one
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can argue that the objective of LCC is to achieve capturing all the costs that arise from the
creation of an idea, through the development of products, its production, and its post-sales
services, up to the withdrawal of the production from use (Savic et al., 2019). In this sense, the
concept should provide a picture of overall costs over the life of a product, which is at the same
time the starting point for assessing the viability of the product being monitored. While
traditional cost accounting_systems primarily focus on the production and sales phase, cost
accounting by product life stages, includes and monitors costs incurred in all: market research
phase, design and product development during the manufacturing process, quality control,
storage, distribution, disposal and handling environmental protection. Finally, LCC is a
systemic approach of applying cost accounting having as its primary goal to provide

information that will contribute to the realization of the goal of optimizing costs.

2.4 Cost optimization

Cost optimization is a very delicate task whose importance becomes particularly apparent
in terms of intensifying possible increases in cost related to the product maintenance and
disposal phase, due to violations of environmental regulations and consequently penalty fines

associated with these, as well as intensifying competition (Dhillon, 1998).

Cost optimization involves undertaking actions to reduce the value of a target function.
In this case, the goal is to achieve cost leadership. In doing so, it is necessary to bear in mind
that cost-reduction efforts do not impair the quality and functionality of the products, as those

are of utmost importance.

When analysing costs arising from various activities that the company applies in the
production process, it is necessary to identify the key cost drivers to make efforts to reduce
the amount of costs incurred and based on that, make decisions about the type and extent of
production in the upcoming periods. In addition to the expenditure component, it is necessary
to also look at uses or incremental incomes that can be achieved by choosing an
environmentally friendly alternative (Savic et al., 2019). These are revenues that can be
realized among others, on the basis of, ecological premium, building reputation, increasing
market share, customer loyalty. Cost optimization through the prism of the concept of a product
life cycle in agricultural business entities is argued to contribute to finding economically,
socially, and environmentally acceptable solutions for the production recipe, packaging, and

transport of food products (Notarnicola et al., 2017). However, to achieve comparability on the
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costs and revenues resulting from cash flows actualized in different time periods, it is necessary

to apply the appropriate discount rate to determine their present value.

2.5 Establishing a baseline for IPM impact

According to the Guide for Impact Evaluation of IPM Programs (Ortiz & Pradel, 2010),
baseline studies should be made, both in the communities that are going to participate in the
IPM project and those that are not (control group), as well as these communities, should be
sufficiently similar so that the situation of pest control after the implementation of IPM

program can be evaluated.

The baseline describes the currently existing situation in the function of variable or state
of an environment defined for a specific project. In this case, the baseline scenario describes
the knowledge and control methods used by farmers as well as the damage caused by pest
organisms. Some examples of such variables are; farming systems, productivity, pest damage,
farmer knowledge, types of technologies used to control pests, etc.

Once the baseline scenario has been assessed and evaluated, then it is possible to compare
its results with both the survey results and with the evaluation after the completion of the project
to allow for assessing whether the IPM's project implementation has shifted the indicators
significantly. The baseline constitutes the initial measurement of variables, employing the
indicators that are most likely to be modified by the IPM implementation. With regards to
economic evaluation, economic indicators are to be selected on the basis that those can be
measured both in the baseline scenario and afterward. For the economic indicators, one should
record data on; cost control, levels of damaged caused by the pest, economic losses, and net
income of crops where IPM will implement (Ortiz & Pradel, 2010).

2.6 Principles for Partial Budget Analysis

Partial budgeting is a planning and decision-making framework used to compare the costs
and benefits of alternatives faced by a farm business. It focuses only on the changes in income
and expenses that would result from implementing a specific alternative, thus assuming that all
aspects of farm profits that are not affected by the decision can be safely ignored. Partial budget
analysis is a farm management analytical method that can be applied to determine the

profitability of changing methods of pest control (William et al., 2015). It involves estimating
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comparative financial returns by quantifying the net economic effect of only proposed changes
in production systems. Furthermore, the partial budget framework can be used to analyse
several essential farm decisions, including the adoption of new technology (Roth, 2017). For

instance, to change from pesticides to using IPM.

The aim is to estimate the changes in income or losses for the farmer's plot due to changes
in the pest management approach. In a nutshell, partial budgeting allows you to get a better
handle on how a decision will affect the profitability of the enterprise and, ultimately, the
profitability of the farm itself. Therefore, it does not calculate the Income or Total Expense for
plots with or without IPM; instead, it assumes that only the costs of pest control change and all
other costs remain constant. However, one should bear in mind that the value of partial budget
analysis is highly dependent and limited to the quality of the information used in the analysis.
For instance, if the analysis is required to focus on effects that occur more than a year or two
in the future, then one should use a Net Present Value (NPV) approach, which discounts the
euro amounts in future years to account for their lower value compared to current-year euro, in

other words, the so-called Time-value-for-Money principle.

Net Income (NI) derives from the sale of agricultural produce or in other words, Net
Income captures the amount of money obtained once Total Costs (TC) are subtracted from
Total Benefits.

NI =TB-TC

Total costs include the costs of all inputs (such as seed, fertilizers, etc.), but for the partial
budget, it is not necessary to estimate total costs, just the costs that vary due to the change in
technology. In this case, these are the costs that vary in changing the pest control method. It is
assumed that the rest of the costs are the same. When deciding whether to adopt IPM, a farmer
wants to know if their income will increase. The Net Income (NI) is the difference between
Total Benefits (TB) and pest control related costs (either of IPM or traditional pest control
practices). The difference in Net Income using OPTIMA IPM (ref 6) compared to Net Income
using the traditional method (ref Historical, Reference 0) will be the additional income the

farmer obtains by implementing the OPTIMA IPM.

NI (IPM) = TB (IPM) — TC (IPM)

NI (Traditional) = TB (Traditional) — TC (Traditional)
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Increase in Income = NI (IPM) — NI (Traditional)

According to (Ortiz & Pradel, 2010), when making recommendations, one should bear

in mind three distinctive criteria:

e 1st: If Net Income remains the same or decreases, the new technology should not be
recommended because it is not more profitable than the technology being used by the
farmer.

e 2nd: If Income increases and costs of control remain the same or decrease, the new
technology should be recommended because it is clearly more profitable than the farmer’s
old technology.

e 3rd: If both net income and the control costs increase, the marginal return (gains) should
be analysed to try to find out how much money is earned for each unit of money that

increases the cost of control.

The analysis of investment in an IPM project evaluates whether the money invested in
acquiring the technology will generate sufficient accumulated profit at the farmer level within
a given time. The assessment is carried out to determine if the accrued benefits cover
accumulated costs and generate profit. Accumulated income and costs are the sums of all the
income and costs generated by IPM during the years; it is projected that the technology will
continue to be used in the field. The annual income is the additional benefit per hectare
generated by the IPM multiplied by the total number of hectares where the technology was
adopted in a particular year. The annual cost is the sum of the costs related to utilizing the
technology in a particular year (diesel, PPPs, labour, software subscriptions, etc.). Generally,
these are values recorded by the accounting department of the institutions implementing the

projects.

To evaluate economic impact, it is necessary to estimate the additional benefit per hectare
generated by IPM to calculate profitability using IRR or NPV (Ortiz & Pradel, 2010). With the
annual income and costs during the life of a project, one can calculate the Net Present Value
(NPV) of the IPM project. Total income and total costs data from the initial investment in the
project are used for the calculation of NPV. Two basic elements are needed for this analysis:
the initial investment required to start up the project and the annual income and costs during
the life of the project. The years of the life of the IPM project is the period from which research

was begun in a country or determined zone projected for up to 15 or 20 years (Ortiz & Pradel,
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2010). The assumption is that the IPM technology developed will completely wear off after
that period.

2.7 Profitability Measures

In a capital budget analysis, NPV and other cash flow measures such as Internal Rate of
Return (IRR) and Return on Equity (ROI), are key metrics that evaluate and rank the

attractiveness of several different investment alternatives.

The literature has revealed a wide variety of economic evaluation methods for LCC
analysis. They all have their advantages and disadvantages. The methods have been formed for
different purposes, and the user should be aware of their limitations. Furthermore, the literature
review resulted that the most suitable approach for LCC in the construction industry is the net
present value (NPV) method. Herein, Table 2 below illustrates the six main economic

evaluation methods that the reviewed literature revealed.
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Table 2 The advantages and disadvantages of economic evaluation methods for LCC
(adopted from Jutta Schade, 2007)

M ethod What doesit calculate Advantage Disadvantage
Smple payback Calculate the time required to return the initial investment. The Quick and easy calculation. Does not take inflation, interest
investment with the shortest pay-back time is the most profitable Result easy to interpret or cash flow into account
one (Flanagan etal., 1989). (Flanagan et al., 1989). (Oberg, 2005, Flanagan et al.,
1989).
Discount Basically the same as the simple payback method, it just takes the ~ Takes the time value of money Ignores all cash flow outside
payback method time value into account (Flanagan et al., 1989). into account (Flanagan etal.,  the payback period (Flanagan
(DPP) 1989) etal., 1989)
Net present NPV is the result of the application of discount factors, based ona Takes the time value of money Not usable when the
value (NPV) required rate of return to each years projected cash flow, both in into account. Generates the comparing alternatives have

and out, so that the cash flows are discounted to present value. In  return equal to the marketrate different life length.Not easy to
general if the NPV is positive it is worth while investing (Smullen  of interest. Ituse all available interpret (Kishk et al., 2003).
and Hand, 2005). But as in LCC the focuses is one cost rather than data (Flanagan etal., 1989).

on income the usual practice is to treat cost as positive and income

as negative. Consequently the best choice between tow competing

alternatives is the one with minimum NPV (Kishk et al., 2003).

Equivalent This method express the one time NPV of an alternative as a Different alternatives with Just gives an average number.
annual cost uniform equivalent annual cost, for that it take the factor present  different lifes length can be It does not indicate the actual
(ECA) worth of annuity into account (Kishk et al., 2003) compared (1SO, 2004). coast during each year of the

LCC (150, 2004)

Internal rate of The NSis calculated as the difference between the present worth  Result get presented in percent Calculations need a trail and

return (IRR) of the income generated by an investment and the amounted which gives an obvious error procedure. IRR can be
invested. The alternative with the highest net saving is the best interpretation (Flanagan etal., just calculated if the
(Kishk etal., 2003). 1989). investments will generate an

income (Flanagan etal., 1989).

Net saving(NS)  The NSis calculated as the difference between the present worth  Easily understood investment NS can be only use if the
of the income generated by an investment and the amounted appraisal technique (Kishk et investment generates an
invested. The alternative with the highest net saving is the best al., 2003). income (Kishk etal., 2003).
(Kishk etal., 2003).

2.7.1 Net Present Value (NPV)

The Net Present Value (NPV) is a top-rated and effective tool in investment analysis and
is commonly used to select the most profitable investment from among several alternatives or
simply determine the profitability of single investment projects. Based on the work of Vosti et
al. (2000), NPV has been deemed as an effective tool in addressing long-term economic
feasibility of changes to existing cropping systems. In addition, this method has been
extensively used to evaluate the profitability of investments in fruits and vegetables (Jefferson-
Moore et al., 2008). The NPV has the advantage of including the time value of money, unlike
other economic approaches, which in forestry and agricultural investments that have a long-

term nature are deemed crucial and necessary (Mendell, 2020).

As reported by Krupnik et al. (2006), comparing NPVs of alternative cropping systems

alongside the relative changes in costs and returns over time, one can easily identify whether
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alternative cropping systems could be more profitable and economically sustainable for farmers
when compared to current systems. On top of that, they argued that this type of analysis could
also assist in identifying whether incentives are needed to encourage changes in agricultural
practices and if so, provide an estimate of their magnitude and duration. Therefore, it becomes
apparent that such importance is further highlighted in cases where environmentally beneficial
practices have significant positive externalities that might warrant consideration of a payment
subsidy to encourage adoption. The formula for NPV calculation is shown in the following

equation.

T
NPV = Z f;f); )
t=0
Where;
t: represents time measured in years;
T: Time Horizon of the investment
Rt: represents revenues

Ct: represents costs in year t.

r: stands for representing the discount rate.

The NPV criterion for investment is quite simple. For an investment to be economically
viable, the present value of revenue flows over the analysis horizon should be greater than the

present value of all costs aggregated.

Explained in other words; if the NPV is > 0, the system generates profits over the period
considered. Conversely, if NPV< 0, invested funds are lost because the investment costs
outweigh the benefits. Where access to credit is working and challenging capital minimal, a
positive NPV may not be sufficient to encourage the adoption of a new cropping system
because it is possible, despite an overall positive NPV, for producers to experience losses in
individual years. Thus, this analysis also shows the path of revenues and costs attributable to

the activity over time and can identify short-term cash flow barriers to adopting new systems.

Accordingly, the most appropriate method for LCC seems to be the method of NPV. In
this method, the investment’s future cash flows (both direct and indirect) are identified and

actualised by applying an appropriate discount rate and finally aggregated to the NPV. In this
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way, costs are estimated throughout their whole life cycles. Therefore equation [1] can be

adjusted to:

LCC=To+ YN [(0i+Mix 1+ - Rx (1A +7r)N) (3)

2.8 Pest Management Cost Allocation to Combat Downy Mildew in Grapes
Production
In 2017 Vinpro Agricultural Economics conducted a comprehensive analysis across
various wine districts, with the primate objective to provide an on-farm financial analysis of
each participant's farming unit. For the purposed of this dissertation, the author has adopted the
scheme employed by VinPro (2017)

The way the total income is calculated for a specific vineyard is by assuming that
although most producers realize their income at different stages over the financial year,
depending on their business model, time value for money is irrelevant, and thus it is not
considered. On the other hand, the total cost of production can be assessed on three levels,
namely, Cash Expenditure, Provision for Renewals and Machinery Costs.

2.8.1 Cash Expenditure

Cash Expenditure can be specified as direct cost, labour, mechanization, fixed
improvements, and general expenses. Current literature identifies that cash expenditure is a
very important cost factor, given that it can be increased above inflationary levels due to higher
direct costs (pesticides, herbicides, etc.) that can reach a 13% increase year on year (VinPro,
2017). Additionally, the 9% year-on-year increase in administration cost is concerning, as
primary producers have limited influence in these cost items. According to the current
literature, precision cost management, remain critical in a cycle of above-inflationary increases
in costs, given that it tries to balance between input requirements for each block aligned with

product quality and consumers' demand.
2.8.2  Provision for Renewals

Annual production costs make up the biggest part of the Total Production Cost, however,
capital expenses are not limited to that. Other than annual production costs, there are costs
occurring because capital items are depleted over time, with the renewal of such items deemed
critical to ensure long term sustainable production. However, it is important to note that capital

items are often written off over different periods at renewal value. By calculating relevant

34



replacement values of tractors, tools, and other means of production, a realistic and practical
non-cash flow provision can be estimated. In this direction, by using the principle ‘provision
for renewals', a larger amount can be recovered than in the case of depreciation (Vin Pro, 2017).
Lastly, an interesting aspect to be observed through the provision for renewals estimate is that,
although year after year the ageing vineyard status might be concerning for the producer,

participants still have the means to replace capital gains positively.

Especially, this can be achieved through economies of scale. Economies of scale have
been impacting many agriculture commodities, depending on the producers' position in the
value chain. This may differ from business to business, however, in many cases, the increased
bargaining power with higher turn rationale seems to be more common than the traditional
cost-saving effect on overheads costs. On the other side, machinery that is too large for a
particular farming situation can result in machinery ownership costs being unnecessarily high

in the long run.
2.8.3 Machinery Costs

Machinery and equipment are major cost items in farm businesses. Large machines, new
technology, higher prices for compartments and new machinery, as well as higher energy prices
have caused machinery cost and power costs to rise in recent years (Edwards, 2015, file A3-
29). However, good machinery managers, making smart agricultural decisions can control the
above-mentioned costs per hectare. Obviously, such decision-making requires accurate
estimates of the costs of owning and operating farm machinery.

Farm machinery costs can be divided into two categories, namely: ownership costs,
which occur regardless of machine operation, and operating costs, which can vary directly with
the hours of machine usage. The accurate value of these costs cannot be known until the
machine is sold or worn out. However, costs can be estimated on an assumption basis about
machine life annual use as long as fuel and labour prices. Overall, putting together an ideal
machinery system is not an easy task to perform. One should bear in mind that equipment that
works best one year might not work well the next because of changes in parameters such as
weather conditions and crop production practices, as well as technological improvements and

design characteristics may make older equipment obsolete (Edwards, 2017,).
1.1.1.2 2.8.3.1. Ownership costs

This category is also called fixed costs and includes depreciation, interest (opportunity

cost), taxes, insurance, and housing and maintenance facilities.
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e Depreciation

Depreciation is a cost resulting from the wear, obsolescence, and age of a machine. The
degree of mechanical wear may cause the value of a particular machine to be somewhat above
or below the average value for similar machines when it is traded or sold. The introduction of
new technology or a major design change may make an older machine suddenly obsolete,
causing a sharp decline in its remaining value. But age and accumulated hours of use are usually

the most important factors in determining the remaining value of a machine.

Before an estimate of annual depreciation can be calculated, and economic life for the
machine and a salvage value at the end of the economic life need to be specified. The economic
life of a machine is the number of years over which costs are to be estimated. It is often less
than the machine's service life because most farmers trade a machine for a different one before
it is completely worn out. According to the literature, a good rule of thumb is to use an
economic life of 10 to 12 years for most farm machines and a 15-year life for tractors, unless

one knows you will trade sooner.

Salvage value is an estimate of the sale value of the machine at the end of its economic
life. It is the amount you could expect to receive as a trade-in allowance, an estimate of the
used market value if you expect to sell the machine outright, or zero if you plan to keep the

machine until it is worn out.
e |nterest

In case where the capital used for acquiring the necessary equipment is borrowed, then the
lender will determine the interest rate to charge. However, if one's own capital is employed,
the rate to charge as the interest rate is going to be determined depending on the opportunity

cost, thus, the cost of capital as to if the money were invested elsewhere in the farm business.

e Taxes, Insurance, Housing (TIH)

The costs accounting for taxes, insurance, and housing are usually much smaller than

depreciation and interest payments, but they do also need to be considered if applicable.

e Total ownership Cost
Total Ownership Cost consists of depreciation, interest, taxes, insurance, and housing.

2.8.3.2. Operating costs
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This category is also called variable costs and includes repairs and maintenance, fuel,

lubrication, and operator labor.
e Repairs and Maintenance

Repair costs occur because of routine maintenance, wear and tear, and accidents. Repair costs
for a particular type of machine can vary widely from one geographic region to another because
of differences in soil type, rocks, terrain, climate, and other conditions. Within a local area,
repair costs can vary from farm to farm because of different management policies and
operators' skills. According to Edwards (2015), the best approach for estimating repair costs is
by utilizing records of one's own past repair expenses. In this way, it is possible to assess
whether a machine has had above or below average repair costs and when major overhauls may
be needed. Furthermore, this way allows for obtaining information regarding the farmer's
maintenance program and their own mechanical ability. With the absence of these types of
data, repair costs shall be estimated using average data.

The relationship between the sum of all repair costs for a machine and the total hours of use
during its lifetime is assessed based on historical repair data. The total accumulated repair costs
are calculated as a percentage of the current List Price of the machine, following the guidance
of the literature indicating that repair and maintenance costs usually change at about the same
rate as new list prices (Edwards, 2015, p. 4).

o Fuel
Fuel cost is dependent upon fuel market price and can fluctuate dramatically over time.
e Lubrication

Surveys indicate that total lubrication costs on most farms average about 15 percent of fuel costs.
Therefore, once the fuel cost per hour has been estimated, those can be multiplied by 0.15 to

estimate total lubrication costs (Edwards, 2015).

e Operating Labour

Because different size machines require different quantities of labour to accomplish such tasks as
planting or harvesting, it is important to consider labour costs in machinery analysis. Labour cost
is also an important consideration in comparing ownership to custom hiring. Actual hours of labour
usually exceed field machine time by 10 to 20 percent because of travel and the time required to
lubricate and service machines. Consequently, labour costs can be estimated by multiplying the

labour wage rate times 1.1 or 1.2 (Edwards, 2015).
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3 Materials & Methods

The following chapter concentrates on the research methodology, which guided the research
throughout the process. LCC is presented briefly followed by the description of the Farm under
examination and the proposed systems. Additionally, LCC systems boundaries are defined and LCC
Inventory is documented.

3.1 Methodology of Life-Cycle Costing

Life-cycle Costing can be implemented by a wide range of methodologies, the selection
of which would vary depending on the point of view of the analysis. One of the most used
methods is called “Overarching Methodology” where the focus point is covering the
interrelations and dependencies among different cost elements (Geake, 2002). Given that this
study will focus on the Life-Cycle Cost of a production equipment -machining systems for
PPPs application in vineyards cultivation to best combat downy mildew-; it is inevitable that
there will be many interdependencies among the cost elements. Another aspect of great
importance in LCC, is the repetitive structure of the method since LCC is a continuous process

that might need to be repeated until the optimum result is achieved.

3.2Goal

The objective of this LCC study is to develop an accurate depiction of the current costs
of owning and operating the Integrated Pest Management (IPM) system for downy mildew
management in grapes production. The current investigation is taking place in an effort to
understand the cost variability and profitability in relation to the different Pest Management

Practices (downy mildew management) under the spectrum of LCC.

3.3Scope

The scope of this LCC is one production cycle of grapes in a year, where the vineyard
under investigation is assumed to be at full production, in which vine growth is complete and
production is stable, so that revenues and costs are constant (Roselli et al., 2020). In this study,
only pest management practices to combat downy mildew are considered to change;
fertilization, irrigation as well as other field operations (such as pruning, trimming etc.), final
grapes production alongside end-of-life operations are considered as constant in order to

evaluate the IPM system impact on farm economics.
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Therefore, we consider a farmer who wants to invest in a new IPM System (among the
spraying systems under investigation) and wants to realize which investment is the most
profitable. We assume that the farmer already possesses a plot of land (5,91 hectares) as well
as an average tractor for field operations and the respective machinery required for all
operations, and we take into account the operational costs of all practices (including only the

investment costs for acquiring new hardware and software for the IPM system selected).

3.4 Defining the Farm under investigation

The above-mentioned settings were tested in a vineyard farm located in Nizza Monferrato
(Asti), Strada Bricco 22, in the Piedmont region, Italy. The farm under examination has the

following coordinates and characteristics;

o Farm coordinates: 44°46°42°" N, 8°20°14°’, Piemonte, Italy

o Farm characteristics: 5.92 hectares of trellis vineyards, with Barbera variety.

Figure 5 Aerial view of the Italian farm - all parcels

Most vineyards are planted transverse to the hill slope, with an average transversal slope
of 20%. Typical layout is 2.5 m x 1 m, and the maximum height of the canopy is 1.80-1.90 m.
Specific location of the experimental parcel of 5.91 ha was defined according to the detailed
requirements of the field trials protocol, selecting the area within the farm where the intensity
of downy mildew is usually higher. In the farm under investigation, PPPs are usually applied

using a pneumatic sprayer, but, for the experiments, a conventional air-assisted sprayer was
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used as reference to represent the most common practice employed in the region. At last, there

is no animal farming nearby and the nearest water line is 700 meters away from the field.
3.5 Data Inventory

Inventory analysis refers to the process of compelling quantitative data on the inputs Both
primary and secondary data were utilised for the preparation of Spraying PPPs for grapes
production budgets. The activities covered comprise: soil management, fertilization, weed, pest
and disease management, manual harvesting. Primary data were collected via questionnaires
that were sent to Agenso for the DSS, Caffini for the smart sprayer, Wageningen University
for the EDS, and Agricultural University of Athens for the bio-PPPs. In addition, farmers in
the Pusabren Farm were asked for data on the farm costs. Based on the grower’s responses to
the survey, auxiliary market research was conducted to collect primary data on input prices for
agrochemicals, fertilizer blends, and soil amendments. The primary data related to all
agricultural operations (including pest management associated data) for grapes production in
the selected farm based on Historical data (2018) are summarized in the table below.

Table 2 Characteristics of the farm under consideration

Required data Reference value Unit
General Data

Grape variety Barbera -

Age of vineyard 40 yr

Region of cultivation Piedmont -

Cultivation area 4.71 ha

Productivity 9 (7-12) t/ha

Slope 20-30 %

Annual irrigation N.A. m3/ yr

Tillage type (no tillage, reduced or conventional)  No tillage -

Mean air temperature 14,4 °C

Days of rain per year 94 days

Relative humidity 84 %

Energy

Total electricity consumption per year 600 KWh/yr

Total diesel consumption per year 565 L/(yr.ha)

Diesel consumption in PPP spraying per year 130 L/(yr.ha)
Costs and Labour

Diesel cost 0.7 euros/L

Electricity cost 0.36 euros/kWh

Water cost 2 euros/m?®
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Total cost of PPPs 491.47 euros/(ha.yr)

Cost of PPPs for downy mildew 244.25 euros/(ha.yr)
Worker’s pest management 1 -
Work hours per worker in pest management 1 h/ha per
application
Total man hours 83.1 h/(yr.ha)
Hourly wage of workers 11 euros per h
Work accidents / incidents in pest management 0 -
Workdays lost due to accidents N.A. h
Wholesale price (Barbera grapes) 1 euro/kg
Number of applications 12 -

Table 3 Labor Cost of all other farm operations

Labor (Pusabren Farm 2021) nlyear h/ha hrs.halyear Cost€/h  Cost operation €

Fertilizer distribution 1 25 25 42,00 105,00 €
Soil management between 0,5 35 1.8 42,00 73,50 €
the rows

Prune and cane removal 1 90 90,0 14,00 1.260,00 €
Cane tying 1 25 25,0 14,00 350,00 €
Cane shredding 1 15 15 42,00 63,00 €
Chemical weeding 2 25 5,0 42,00 210,00 €
Desuckering 2 45 9,0 42,00 378,00 €
Desuckering 1 40 40,0 14,00 560,00 €
Shoot positioning 2 35 70,0 14,00 980,00 €
Topping 3 45 135 42,00 567,00 €
Leaf stripping 1 40 4,0 42,00 168,00 €
Green pruning 1 35 35,0 14,00 490,00 €
Soil management on the rows 1 13,0 13,0 42,00 546,00 €
Spray 10 15 150 42,00 630,00 €
Grass shredding 3 3,0 90 42,00 378,00 €
Assistance with manual 1 9,0 9,0 42,00 378,00 €
harvesting

Manual harvest 1 90 90,0 14,00 1.260,00 €

3.6 Description of all pest management systems under Investigation

To commence a study in LCC analysis, main problem of the case should be defined in
detail at first. Proper definition of a problem should express the nature of the system clearly,
i.e., all the useful information about the asset, which can be used in interpreting the cost drivers
(Geake, 2002). Thus, it is essential to analyse in depth the settings under investigation.

Accordingly, all the alternatives that are going to be comparatively evaluated should be
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proposed. LCC usually involves at least two alternatives to be compared with each other.

Besides, the differences between these alternatives should be stated (Emblemsvag, 2003).

In this study six (6) pest management systems (Reference 0 to Reference 5, Historical) were
considered during the experimentation, with different levels of automation and plant protection
product origin (chemical or biological). They were a combination of four (4) different sprayers
(Pneumatic CIMA, Axial-fan Dragone Virgola 700, Caffini Synthesis 1000 and Smart Caffini
Synthesis 1000), a software for prediction of downy mildew outbreak (Decision Support
System — DSS), a combined hardware (camera) and software (Artificial Intelligence) system
for the detection of downy mildew on vine leaves and fruits (Early Detection System — EDS)
and a series of biological PPPs (different volumed of PPPs dosages) that confront downy

mildew (Bio-PPPs), as shown in the following Table (4).

Table 4 Components of each pest management strategy

Historical Ref.0 Ref. 1 Ref. 2 Ref. 3 Ref. 4 Ref. 5
data
Sprayer Pneumatic Axial fan Caffini Smart Caffini Smart Smart
CIMA (Dragone Synthesis Caffini Synthesis  Caffini Caffini
Virgola 1000 Synthesis 1000 Synthesis  Synthesis

700) 1000 1000 1000
DSS X X
EDS X X X
Bio- X X

PPPs
DSS: Decision Support System; EDS: Early Detection System

3.6.1Complete IPM strategy description

The complete IPM strategy (Reference 5) is described below to show all the components that
form the references under investigation. First, the Smart Sprayer, depicted in the picture below
(Figure 6), will actuate different nozzle types, sprayer settings and adopt variable rate
application control (VAR), based on optimal selection of spray parameters, canopy, and disease
characteristics, together with the integration of innovative drift reducing technologies in order
to minimize losses to the environment. In fact, the so-called Smart Sprayer results from
improving thoroughly the previous model named Synthesis 1000 ATS/102 E developed by
Caffini S.P.A, by:
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integrating ultrasonic sensors for detecting canopy size and density

T o

adding individual controlled nozzles with Pulse Width Modulation (PWM) technology

o

changing the mechanically driven fan with an electrical one

o

applying a controller to run the above-mentioned components to provide different PPP

quantities throughout the vineyard based on a prescription map

Figure 6 The smart sprayer

The DSS is based on existing disease outbreak prediction models that are based on
meteorological conditions (temperature and relative humidity) and were improved to become
more precise by adding high quality of weather prediction model for at least 3 days in advance.
It has a graphical user interface (GUI) for the farmers to see the outbreak potential, but it also

provides an output for the prescription map development.

Figure 7 The Decision Support System (DSS)
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The EDS is a system that is carried by a tractor on a frame and combines a camera that
is directed to the side of the vines and a computing unit (NVIDIA Jetson) that run software
trained using Artificial Intelligence (Al) to identify the downy mildew disease on leaves and

grapes.

Figure 8 The Early Detection System (EDS)

Finally, the full IPM system is completed by using a combination of bio-PPPs together
with specific synthetic PPPs to confront downy mildew with minimum environmental impact,
without compromising on productivity yield reduction. A full list of all PPPs applied (both Bio
and Synthetic) is provided in Table 5 below.

Table 5 PPPs applied

Polyram DF Actlet F Coragen

Thiopron Douro 100 ED Lieto

Polyram Ridomil Gold MZ Sivanto Prime

Pergado F Kusabi Almada F

Prosper 300 CS Liquizol M Optix Star Disperss

Slogan Top R6 Erresei Albis Tiovit Jet

Sercadis Talendo Airone Extra

Trebon Up Brezza Cuprotek Disperss

Bio-PPPs Synthetic PPPs (to be substituted)

Ampexio Pergado F, Ridomil Gold MZ

Zorvec Zelavin Vel Slogan Top, Actlet F

Forup Top R6 Erresei Albis

Century Almada F, Lieto

Amylox Cuprotek Disperss, Liquizol M, Tiovit Jet, Airone Extra,
Trebon Up, Brezza, Thiopron
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The incorporation of all above-mentioned components provides a holistic integrated
approach that includes all critical aspects related to integrated disease management, leading to
minimum PPP use for the same positive impact on pest management. More particularly, 1) the
use of novel bio-PPPs reduces chemical active ingredients application in agriculture, ii) the
disease prediction models provide knowledge to prevent the disease expansion by applying
PPPs in a preventive manner, iii) the spectral early disease detection systems identifies the
exact location of the disease within the vineyards to avoid applying the same quantity of PPPs
in heavily and almost non-diseased areas and finally iv) the precision spraying techniques
comes in the system to apply variably the right PPP quantity in the correct spatial and temporal

rate.

Therefore, the full system can interact and follow recommendations from its components
to provide a variable rate for both the applied liquid and airflow produced by the fan according
to the vineyard canopies characteristics. In this sense, the parameters that may be affected by

the new IPM system in a positive manner are:

1. Volume of PPPs

2. Reduced preparation time (labour rate for skilled labour)
3. Wholesale grapes price

4. Labour wage (Skilled labour)

This holistic IPM system is expected to contribute significantly to the reduction of the
European agriculture reliance on chemical PPPs resulting in reduced use of agrochemicals,

lower residues, and reduced impacts on human health.

3.7 Life Cycle Costing Constituents of the Investigated Systems
Estimating the cost of production for agricultural products involves estimating all

economic costs and revenues associated with the production of a commodity (Handbook on
Agricultural Cost of Production Statistics, 2016, p. 47). All costs should be measured, whether
purchased or owner supplied. The basic concept is that if it is necessary for production, the cost
must be valued. Inputs that are purchased and used during the production period include

expenses, such PPPs, energy requirements, labour etc.

Cost items for inputs that contribute to production over several production periods, such
as machinery and buildings (capital service costs), must also be measured. However, in this

study, only investments costs related to the acquisition of the components of the above-
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described IPM system references as well as operational expenses for spraying PPPs to combat

downy mildew are considered.

Moreover, to allow for direct comparison and drawing conclusions, all other operating
costs (electricity, diesel, mineral fertilizers, trimming, pruning, etc.) related to the production
of vineyards are included as a constant cost of all cases under investigation, The system

boundaries are illustrated in the scheme below.

: Off field :
: P:;:df::t 6?,%:: A | | Energy carriers Equipment |
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Figure 9 System Boundaries encompassing only the PPPs used to combat downy mildew

Each of the references described above, are illustrated in the Figure below, in terms of

the cost constituents that will be analysed through the LCC conducted in this work.
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Figure 10 References of the study

3.7.1Life Cycle Inventory Analysis

Inventory analysis refers to the process of compiling quantitative data on the inputs and
emissions from the supply chain under study. Meaning that at this stage of LCC, all the cost
drivers and savings for each alternative are identified (Emblemsvag, 2003). Since there can be
a vast variety of different cost drivers, the examples should be given from the case study of this

project to keep the content simple to understand. In this study, the following cost drivers will
be used:

1. Purchase cost (Spraying System Acquisition- both Hardware and Software-)
2. Operating Cost (Labor, Diesel, PPPs)

Since this study focuses on PPP application specifically to combat downy mildew in
vineyards, the activities covered comprise the process of spraying PPPs (System: sprayer,
labour) and the inputs considered include the PPPs, the liquid fuels (diesel), machinery
(sprayer, EDS), software (DSS and EDS) and labour expenses, while all other expenses are
also calculated as a constant cost. The Operating LCC data required are shown in the table
below.
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Table 6 Scheme for LCC data collection (adopted from Strano et al., 2013)

Considered Elements Measurement Unit Description

Fuel consumption per hour of spraying Fuel Consumption per single hour of
application farming operation.

PPP Treatments ka/halyear Active principles distributed regarding

for synthetics and bio-PPPs.

Labour euro/ halyear Labour Cost related to Spraying PPPs
euro/hour to combat downy mildew on vineyards.

fertilization Kg euro/ ha/year Quantities of fertilizers considering
euro/hour titrations of nutritive elements.

Water Consumption m3/ha/year Water Consumption per irrigation and

pesticides distribution.

Electricity KW/ha/year Energy consumption per spraying

operation per hour.

Yield t/ha/year Average table grapes produced.

3.7.2Cost Structure of the Systems

Having defined the system boundaries, it is possible to look at the cost structure that

characterizes the above-presented settings for spraying PPPs on vineyard at full production

scale (adopted from VinPro 2017). The structure is based on the following:

1.
2.

Direct Cost: PPPs Distribution, Fertilizer distribution

Labour Cost:

e Labour Cost For applying PPPs to Combat Downy Mildew

e Labour for All Other Operations
(Soil management between the rows, Prune and cane removal, Cane tying, Cane
shredding, Chemical weeding, Desuckering, Shoot positioning, Topping, Leaf
stripping, Green pruning, Soil management on the rows, Spray, Grass shredding,
Assistance with manual harvesting, Manual harvest)

Mechanisation:
Proposed Sprayer (and additional compartments if applied): Acquisition Cost

Fixed Improvements: excluded

General Expenditure: electricity & water (negligible therefore excluded),

(administration: excluded, due to data limitation)

Provision for Renewals: excluded
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The cost centres (for both Investment/Acquisition & Operational Cost) that are

considered for the LCC analysis under development are summarized in the table 7 below.

Table 7 Cost Centres for the proposed IPM System

Sprayers X

EDS X annual expense for accessing EDS
platform

DSS X annual expense for subscription

PPPs X

Diesel X

Labour X

The Cost Data for the different Spraying Systems utilised, as well as the additional
compartments, EDS and DSS, needed in each of the tested references [References 0-5,

Historical] are presented in the Table X below.

Table 8 Cost Data for Spraying Systems

OPTIMA IPM List Price

Pneumatic CIMA sprayer 6.000 €
Dragone Virgola 700 5.000 €
CAFFINI Synthesis 1000 7.746 €
CAFFINI Smart Synthesis 1000 60.000 €
EDS 10.000 €
DSS 800 €
EDS Annual Subscription 500 €
DSS Annual Subscription 200 €

Table 9 Cost Data for Plant Protection Products (Pusabren Farm)

Synthetic PPPs Bio-PPPs

Historical 1.879,29 €
Ref 0 1.978.25 €
Ref 1 1.978,25 €
Ref 2 (100% of Ref 1) 1.978,25 €
Ref 2 (79% of Ref 1) 1.563,87 €
Ref 3 138,29 € 2.654,00 €
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Ref 4 (100% of Ref 1) 1.978,25 €

Ref 4 (60% of Ref 1) 1.186,95 €
Ref 4 (40% of Ref 1) 791,30 €
Ref 5 (100% of Ref 3) 300,82 € 2.654,00 €
Ref 5 (65% of Ref 3) 195,53 € 1.725,10 €
Ref 5 (50% of Ref 3) 150,41 € 1.327,00 €

3.8 Cost Analysis

Before the NPV to be assessed and determined, the Cash Flows of each year of produce
were estimated accordingly for each reference under examination. The tables (in APPENDIX)
show the Cash Flows of each year for all 6 reference systems (and their variations) examined

and represents the basis for both formulas calculations.

3.8.1Investment Cost

With regards to the investment cost, the farmer is to consider the acquisition cost of the
spraying machinery with which the application of plant protection products is to be actualized
in the agricultural operations. Therefore, the investment cost varies according to the setting

under investigation.

The Cost Data for the different Spraying Systems utilised, as well as the Cost of the
additional compartments, EDS and DSS, needed in each of the tested references [References
0-6] are presented in the Table X below. It is important to note that Purchase Price of hardware
(sprayer and DSS) is discounted down to 85% of given List Price due to dealer discounts.
However, EDS acquisition price as well ass, DSS and EDS annual subscription price are not

subject to dealer’s discounting:

Table 10 List and Purchase Prices of IPM components

Pneumatic CIMA sprayer 6.000 € 5.100 €
Dragone Virgola 700 5.000 € 4.250 €
CAFFINI Synthesis 1000 7.746 € 6.584 €
CAFFINI Smart Synthesis 1000 60.000 € 51.000 €
EDS 10.000 € 10.000 €
DSS 800 € 680 €
EDS Annual Subscription 500 € 500 €
DSS Annual Subscription 200 € 200 €
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3.8.1.1. Financial Assumptions

In order to calculate the total cost of owning and operating the sprayer, to finally assess
the NPV, a series of assumptions were taken, based on the most common practices identified
in the literature review. The financial assumption includes the equipment’s salvage value, the

discount rate, and the tax rate.

Salvage Value: the salvage Value gives the price of the sprayer when sold, and thus
varying according to the moment in time this could happen. Given the 15-year life and
following the recommendations from the American Society of Agricultural Engineers (ASAE),

a Salvage Value equal to 30%bof sprayer’s List Price is assumed.

Discount rate: is used to downweigh the present values of Cash Flows in future periods.
The discount rate in financial analysis represents the marginal cost of money to the farm or
under investigation (Swinton et al., 1997). This is often based on the rate at which the farm can
borrow money, adjusted for risk and inflation expectations (Barry et al., 1995). In this analysis,

where inflation is assumed zero, the discount rate is assumed to be 10%.

Tax Rate: The tax rate was assumed to be 20%. For Income tax purposes, depreciation
was taken over the Service Life of the Sprayer (T=15 years) following straight line

depreciation.

Table 11 Financial Assumptions

Remaining salvage value as percentage 30%

percentage of new List price

Discount rate percentage 10%

Tax rate percentage 20%

Service Life Years/hours 15 years /4500 hrs

Finally, the NPV analyse is also subject to farm characteristics, the equipment used,
financial conditions and other matters. Later in this study, several assumptions are varied in the

different scenarios employed.
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3.8.20perational Cost

Operational expenses include the Cost of acquiring PPPs as well as the cost related to the
means needed for PPPs application. In this sense operational expenses comprise of; Cost of
PPPs, labour cost, diesel, water, and electricity charge. Water and electricity charges related to

spraying PPPs are considered negligible and thus are not included.

The final operating costs are given by the following equation and is used for measuring
the costs to combat only downy mildew (including cost of labour, diesel, and PPP for this
specific applications) or for all operations in the vineyard (including cost of labour, diesel, and

PPP for all practices).
Total Operating Cost = Labor Cost + Diesel Cost + PPP Cost

Operating Cost have been calculated on a 15 years basis for a given cultivated area 5,91

hectares, where PPPs are applied 12 times a year.

3.8.2.1. Labour Cost

Labour costs are estimated for two occupations distinguishing between Conventional
Labour Cost and Skilled Labour Cost. Thus, for the purpose of this study we considered
“farmworkers and laborers” as unskilled or conventional Labor (for convectional sprayers),
and “agricultural equipment operators” as skilled Labor for the operator of the Smart Sprayer.

The wages used in this study are 11 euro/hour and 67 euro/ hour respectively.

The labour cost of each system is calculated based on the equation below and the
respective costs are given in Table 10. According to Edwards (2015). Actual hours of labour
usually exceed field machine time by 10 to 20 percent, because of travel and the time required
to lubricate and service machines, we set labour rate for Conventional Labour at 1,1 and Labour
Rate for Skilled Labour at 1,04, to account for time-efficiency implied using IPM systems.

Consequently, labour costs can be estimated using the formula below:

Labour Cost
= hourly wage X operating hour per application
X No of applications X Labor rate
Therefore, using the data from the following table, the labour cost for each of the proposed

references was calculated (see Table 12).
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Table 12 Labor Data

Conventional Labor
Operating hour per ha

Application times
Labor Cost/ha.year

Skilled Labor
67,00

1,50

1,04

12

1.254,24 €

Units
euro
hours/ha
rate

euro/ha.year

Table 13 Labor costs of the proposed systems (5,91ha, T=15 years

References

Historical

Ref 0

Ref 1

Ref 2 (100% of Ref 1)
Ref 2 (79% of Ref 1)
Ref 3

Ref 4 (100% of Ref 1)
Ref 4 (60% of Ref 1)
Ref 4 (40% of Ref 1)
Ref 5 (100% of Ref 3)
Ref 5 (65% of Ref 3)
Ref 5 (50% of Ref 3)

3.8.2.2. Diesel Cost

Labor Cost
19.308 €
19.308 €
19.308 €
111.188 €
111.188 €
19.308 €
111.188 €
111.188 €
111.188 €
111.188 €
111.188 €
111.188 €

X Diesel Price X No of applications

As one can easily observe, the difference in Labour Cost among the various systems
under examination results from the differences in Labour Wage and Labour Rate that are
implied between Skilled and Convectional Labour requirements. Having set the Skilled Labor

Wage almost six times as the conventional one, creates a big difference in Labor Cost.

The table below included the information related to the Cost for diesel with regards to
each proposed system. Diesel Cost remain constant in the systems under examination

Diesel Cost = Diesel Consumption per ha X Diesel Cost per ha
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Table 14 Diesel Cost of the proposed systems

References

Historical

Ref 0

Ref 1

Ref 2 (100% of Ref 1)
Ref 2 (79% of Ref 1)
Ref 3

Ref 4 (100% of Ref 1)
Ref 4 (60% of Ref 1)
Ref 4 (40% of Ref 1)
Ref 5 (100% of Ref 3)
Ref 5 (65% of Ref 3)
Ref 5 (50% of Ref 3)

3.8.2.3. PPPs Cost

Diesel Cost

6.925 €

In most cases, PPP use is simply estimated by collecting annual PPP sales data and

each system setting.

Table 15 PPP Cost of the proposed systems

References

Historical

Ref 0

Ref 1

Ref 2 (100% of Ref 1)
Ref 2 (79% of Ref 1)
Ref 3

Ref 4 (100% of Ref 1)
Ref 4 (60% of Ref 1)
Ref 4 (40% of Ref 1)
Ref 5 (100% of Ref 3)
Ref 5 (65% of Ref 3)
Ref 5 (50% of Ref 3)

Synthetic PPPs Cost

28.189,28 €
29.673,81 €
29.673,81 €
29.673,81 €
23.458,10 €

2.074,41 €
29.673,81 €
17.804,29 €
11.869,53 €
1.2474,30 €
2.0932,59 €

2.258,36 €

Bio PPPs Cost

39.810,06 €

31.848,04 €
25.876,94 €
19.902,81€

calculating PPP use measured as kilograms of active ingredient per hectare. As each reference
attempts to assess the impact from a set of different parameters employed in each setting,
Variable Rates (VAR) PPPs have been applied in Reference 3, Reference 4, and Reference
5, where the Smart Sprayer is tested, and therefore they result in different PPPs Cost for
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3.9Farm data

The cost data related to all other operations taking place at a vineyard at full production

stage were taken from the Pusabren Farm. More specifically, the farm under investigation

follows specific practices that require specific energy use (Table 16), labour (Table 17) and

fertilisers (Table 18).

Table 16 Energy Requirements

All other operations Units Value
Electricity consumption kwh/ha.yr 600
Diesel consumption L(ha.yr) 565

Table 17 Labour Cost for all Other Operations in Vineyards Produce

Labor (Pusabren Farm 2021) nlyear hrs.halyear Cost €/h SO :
: operation €
Fertilizer distribution 1 2,5 2,5 42,00 105,00 €
fg\;\llsmanagement between the 05 35 18 42,00 73.50 €
Prune and cane removal 1 90 90,0 14,00 1.260,00 €
Cane tying 1 25 25,0 14,00 350,00 €
Cane shredding 1 1,5 1,5 42,00 63,00 €
Chemical weeding 2 2,5 5,0 42,00 210,00 €
Desuckering 2 4,5 9,0 42,00 378,00 €
Desuckering 1 40 40,0 14,00 560,00 €
Shoot positioning 2 35 70,0 14,00 980,00 €
Topping 3 4,5 13,5 42,00 567,00 €
Leaf stripping 1 4,0 4,0 42,00 168,00 €
Green pruning 1 35 35,0 14,00 490,00 €
Soil management on the rows 1 13,0 13,0 42,00 546,00 €
Spray 10 1,5 15,0 42,00 630,00 €
Grass shredding 3 3,0 9,0 42,00 378,00 €
ASS|star_1ce with manual 1 9.0 9.0 42.00 378,00 €
harvesting
Manual harvest 1 90 90,0 14,00 1.260,00 €
Total 433,3 8.396,50 €
Table 18 Fertilisation rates

Fertilization Units Value

LABIN 8-5-15 (organic Bio product) kg/ha.yr 400

LABIN 8-5-15 (organic Bio product) euro/kg 0,50 €
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3.10 Equations used to determine NPV
Revenues: Revenue Measuring revenues consists of adding together returns from the sale of

agricultural products, government programme receipts and other miscellaneous revenues. In
principle, measuring revenues from the sale of farm products is straightforward: it is equal to

the unit price received from the sale of the product multiplied by the quantity sold.

Revenues from selling the product are estimated based on estimated future sales:
Revenues= Product Quantity (units of sale) x Unit Product Price

Production Cost is incurred during the preparation of the Production Budget:
Production Cost= Product Quantity (units of production) x Unit product Cost

Basically, is the per unit division of production (both Direct Costs of raw material & labour as

well as the Indirect Costs of Production (GIE: General Industrial Expenses)

Gross Profit: is the profit a company makes after deducting the costs associated with making
and selling its products, or the costs associated with providing its services. Gross profit will
appear on a company's income statement and can be calculated by subtracting the cost of goods

sold (COGS) from revenue (sales).
Gross Profit = Revenues — Production Cost (Cost of Goods Manufactured -COGM)

Operational Cost: is determined by the sum of the individual budgets of the other parts of the

business (such as: Sales Department, Management Department, Logistics Department)

Gross Profit — Operational Cost = EBITDA (Earnings Before Interest, Taxes &

Amortization)

EBITDA: As value it attributes the ability of the investment to create profitability from its

operation without accounting for the financial cost and taxation.

EBIT: Earnings Before Interest & Taxes are calculated by adding to EBITDA Income from
other investments and deducting the Depreciation from Fixed Assets of the Investment and
Amortization of borrowings. This value just like EBITDA is a measure profitability estimation
of the investment considering the devaluation of the assets over time as well as repayment of

loan funds.
EBIT = EBITDA + Income from other Investments — Depreciation — Amortization
EBT: Earnings before Taxes are estimated by deducting borrowing interest from EBIT

EBT = EBIT - Interest
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Taxable Income arises when Interest payments and depreciation are deducted from EBITDA.

Then the Tax can be estimated by multiplying the Taxable Income with the Tax Rate
NOCF: Net Operating Cash Flow is estimated by adding Depreciation Expenses to Net Profit

NOCF = EBT + Depreciation — Taxes
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4 RESULTS & DISCUSSION

This chapter of the studyanalyzes the findings of the empirical study and discusses them in the context
of the research question and framework. The most notable findings are presented in such a way as to
clearly display if and how they answer the research question, identifying patterns and linkages in the
results. Moreover, the systematic analysis compares and contrasts the findings of the research with the

existing literature.

4.1 Operating Cost

Based on the data gathered for each reference, the final Operating Costs regarding crop

protection solely from downy mildew are given in the following table.

Table 19 Operating Costs of Spraying PPPs to Combat Downy Mildew (all Systems

PPPs (€)
Historical 28.189
Ref 0 29.674
Ref 1 29.674

Ref 2 (100% of Refl) 29.674
Ref 2 (79% of Refl) 23.458
Ref 3 41.884
Ref 4 (100% of Refl) 29.674
Ref 4 (60% of Refl) 17.804
Ref 4 (40% of Refl) 11.870
Ref 5 (100% of Ref3)  44.322
Ref 5 (65% of Ref3) 28.810
Ref 5 (50% of Ref3) 22.161

Proposed

Labor (€)
19.308
19.308
19.308
111.188
111.188
19.308
111.188
111.188
111.188
111.188
111.188
111.188

Diesel (€)
6.925
6.925
6.925
6.925
6.925
6.925
6.925
6.925
6.925
6.925
6.925
6.925

EDS (€)

7.500
7.500
7.500
7.500
7.500
7.500
7.500
7.500

DSS (€)

3.000
3.000
3.000
3.000
3.000
3.000

Total (€)
54.423
55.907
55.907
155.288
149.072
68.118
158.288
146.418
140.483
172.936
157.423
150.775

As for the total operating costs related to all other operations in the selected vineyard (5.91 ha)

over 15 years, with regards to all references, are given in the table below.

Table 20 Total Operating Costs of all Other Operations in Vineyard Cultivation (5.91 ha, T=

Electricity
References

©)
Historical
Ref 0 19.148
Ref 1

15 years
. mineral Other
(()€t;] er diesel fertilisers 1?, :)r;ir(€) PPPs Total (€)
© ©
1.820 225.187
35.061 17.730 125.948 2.104 229.449
2.104 229.449
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Ref 2 (100% of Refl) 2104  229.449
Ref 2 (79% of Refl) 2.053  229.449
Ref 3 2.104  228.688
Ref 4 (100% of Refl) 2104  229.449
Ref 4 (60% of Refl) 2.104  229.449
Ref 4 (40% of Refl) 2.104  229.449
Ref 5 (100% of Ref3) 1.891  226.251
Ref 5 (65% of Ref3) 1.891  226.251
Ref 5 (50% of Ref3) 1.891  226.251

As one can easily observe, regarding the non-PPPs related tasks, energy requirements
(Electricity and Diesel) ,as well as Operating Labour are constant in all references. A fact that

2 (13

does not come by surprise, given that we consider “ceteris paribus” —“all things being equal”-
among the vineyard cultivation but the VAR of PPPs. As far as it concerns the other PPPs
applied within the general pest and disease management of grapes production, the inventory
shows that the Other PPPs Cost is the same for the References (Ref 0, Ref 1, Ref 2(100%),
Ref 3 and Ref 4 (100%0,60%,40%) and equal to 1,820 (€) while in Reference 5
(100%,65%,50) is 1,891 (€) and in the Historical Data equals 1,820(€). This can be explained
by the fact that the proposed IPM (Reference 5) can combine different nozzle/air support
settings and target PPP applications for achieving the maximum possible reduction in PPP
usage. As for Reference 2, reduced Other PPPs stands for applying 79% of the PPPs dosage
applied in Reference 1.Finally, Historical data, concern data retrieved in the year 2018, and

thus other PPPs applied do not much perfectly with the examined settings.

4.2 Net Present Value

In the fifth step on an LCC assessment, comparative analysis between existing
alternatives is taking place with the assistance of accessible data regarding cost drivers.
Alternative options are evaluated with respect to how much they fulfil the success criteria
(Geake, 2002). In this stage, all cost elements are gathered on a table which constitutes the
baseline evaluation of the alternatives on focus (Brooks, 1996). In the case where there are
missing cost drivers in the evaluation table, extrapolation and assumptions can be employed

based on existing database and sources in order to derive missing data (Brooks, 1996).
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The NPV analysis of the NOFCs values resulted to the following NPV estimations for
the Different Spraying Systems under examination. The NPVs with regards to each system are

presented in the table below, and they are ranked according to the success criterion.

Table 21 NPV Results

Historical 205.568 € 1
Ref 0 204.014 € 2
Ref 1 201.881 € 3
Ref 2 (100% of Ref 1) 112.214 € 9
Ref 2 (79% of Ref 1) 114.736 € 8
Ref 3 197.236 € 4
Ref 4 (100% of Ref 1) 110.401 € 11
Ref 4 (60% of Ref 1) 115.216 € 6
Ref 4 (40% of Ref 1) 117.624 € 5
Ref 5 (100% of Ref 3) 105.756 € 12
Ref 5 (65% of Ref 3) 112.049 € 10
Ref 5 (50% of Ref 3) 114.746 € 7

The results indicate that the most profitable investment is the Historical Spraying system
as it has the highest positive NPV among all spraying systems examined. The least profitable
investment seems to be the Ref 5 (100% of Ref 3), indicating that the huge capital expenditure
in Initial Investment (Purchase Cost), alongside the additional subscription costs for the
utilisation of the EDS and DSS but mostly the extremely high labour cost for skilled employees,
cannot counterbalance for the given setting of 5,91 hectares cultivated area and a horizon of 15
years of table-grapes cultivation.

4.3 Scenarios Analysis

The final step in LCC is the application of sensitivity and risk analyses on the baseline
life-cycle cost evaluation. Sensitivity analysis is performed in order to find out the relative
impact of each cost driver on the total life cycle cost. This is basically performed via changing
a single cost driver each time and observing the impact on the total cost (Brooks,.1996). Once
the NPV's were determined for each reference, the author wanted to assess the NPVs Volatility
on proportional alternations on nine parameters, that were identified to have diversified impacts

on the NPVs of the systems under examination as they would affect different cost centres. We
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considered the parameters that could impact the cost centres (Labor {labour wage, labour,
rate}, IPM acquisition cost {sprayer’s price, EDS’s price, and annual subscription fee, DSS
price EDS’s price and annual subscription fee } as well as the cost of Bio-PPPs and premium
grapes price resulting from the cultivation with IPM.

Table 22 Parameters

Parameters

=

Change in Skilled Labour Wage

Change in Skilled Labour Rate

Change in Smart Sprayers Acquisition Price
Change in Premium Grapes Price

Change in Bio-PPPs Price

Change in EDS’s Acquisition Price

Change in DSS’s Acquisition Price

Change in EDS’s Annual Subscription Cost
Change in EDS’s Annual Subscription Cost

© X N~ wWIN

Each of above-presented parameters has been alternated to percentage changes of: 10%,
20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% in order to observe the impact of each percentage

alternation on the NPVs of the proposed spraying systems.
4.3.1Skilled Labour Wage Volatility on NPVs

Skilled Labour Wage Cost was initially at 67(€/hour). Alternating the initial value to
percentage reductions of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% resulted in the
following NPVs for the spraying systems under investigation, displayed in Table (23). As one
can easily observe, any percentage change in Skilled Labour Wage does not have any impact
on the NPVs Ranking of the corresponding systems (Reference 2, Reference 4, and
Reference 5). In fact, even an 80% or 90% reduction which would set the Skilled Labour Wage
at a more competitive price of 13,40 (€/hr) compared to the Conventional Labour Wage at
11(€/hour) will not affect the rankings of the NPVs. Meaning that although one of the main
cost drivers is reduced dramatically the Proposed Full IPM does not result in a more
economically profitable investment. All things considered, the results from the examination of
different Skilled Labour Wages, implied by the proposed IPM, have revealed that even if there
was cheaper Labour than the one employed in Conventional practices, the accumulated costs
implied by the acquisition and utilisation of the proposed IPM will result being the least
profitable investment among the others.
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Table 23 Skilled Labour Wage Volatility on NPVs

Labor Wage Violatility on NPVs

Current Values: -10% -20% -30% -40% 50% -50% -10% -80%

Changing Cells:

% change of Skilled Labor Wage 0% -10% -20% 30% -40% 50% -60% -10% -§0% 90%

Skilled Labor wage ( eurofhour) £ 67,00 £ 60,30 £ 53,60 3 4630 3 40,20 3 33,50 £ 26,80 £ 20,10 £ 1340 6,70

Result Cell: rank rank rank rank rank rank rank rank rank rank

Historical 200568€| 1] 205568€| 1 | 205.568€| L | 205.568€[ 1 [ 205.568€[ 1| 205.568€[ 1 | 205.568€( 1 [ 205.568€[ 1 | 205568€] 1 | 205.568€] 1

Ref 0 00014€ 2 | 04014€[ 2 | 204004€[ 2 | 200014€| 2 | 204014€| 2 | 204014€| 2 | 204014€| 2 | 204014€| 2 | 204014€| 2 | 204.014€| 2

Ref1 00881€| 3 | 20L881€| 3 | 20L881€| 3 | 200881€| 3 | 200881€| 3| 200.881€| 3 | 200881€| 3 | 20088L€| 3 | 201881€| 3 | 200881€| 3

Ref 2 (100% of Ref 1) 1224€) 9| U6THBE[ 9 | 120235€0 9 | 125746€ 9 | 130256€| 9| BAT6TE| 9 | 130277€| 9 | 1BT87€| 9 | 148298€| 9 | 152808€| 9
smart & £05 Ref2 (79% of Ref 1) 1473%6€| 8 | 119246€| 8 | 13757€| 8 | 128267€| 8 | 132778€| 8 | 137.088€| 8 | 141798€| 8 | 146.309€| 8 | 150819€| 8 | 155.330€| 8

Bio Ref3 199.36€ | 4 | 197.36€| 4 | 197.36€| 4 | 197.36€| 4 | 197.36€| 4| 197.36€| 4 | 197.36€| 4 | 197.%6€| 4 | 197.36€| 4 | 197.36€| 4

Ref 4 (100% of Ref 1) 110401€] 11| 114902€| 11 | 119422€] 11| 123932€| 11| 128443€| 11| 132953€| 11| 137.464€| 11 | 141974€| 11 | 146.485€| 11 | 150.995€| 11
anart a0 Ref4 (60% of Ref 1) 15.206€| 6 | 119727€| 6 | 14237€| 6 | 128747€| 6 | 133.98€| 6| 137.768€| 6 | 142219€| 6 | 146.789€| 6 | 150300€| 6 | 155.810€| 6
805 Refd (40%of Ref 1) 17624€) 5 | 122134€( 5 | 126644€[ 5 | 130155€| 5 | 135665€| 5| 140176€| 5 | 144686€| 5 | 149.197€| 5 | 153707€| 5 | 158218€| 5

Ref 5 (100% of Ref 3) 10575 €| 12 | 110267€| 12 | UATTI€| 12 | 119288€) 12 | 123.798€|12| 128309€| 12 | 132819€| 12 | 137.309€| 12 | 141840€| 12 | 146.350€| 12
anrtinsa, Rt S (6% of Ref 3) 112009€| 10 | 116560€| 10 | 120070€| 10 | 125581€| 10| 130.091€|10| 134601€| 10| 139.112€| 10 | 143.622€| 10 | 148.133€| 10 | 152643€| 10
oss&io Ref5(50%of Ref3) L4746€| 7 | 1057€| 7 | 1B767€| 7 | 18277€| 7| 132788€| 7| 137.98€| 7 | 4L809€| 7 | 146319€| 7 | 150830€| 7 | 155340€| 7
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Figure 11 Skilled Labour Wage Volatility on NPVs
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4.3.2Skilled Labour Rate Volatility on NPVs

As machinery capacity increases, the number of hours required to complete field
operations Skilled Labour Rate was initially set at 1,04 to account for the reduction in
preparatory time for the Skilled Labour implied by the utilisation of the IPM, compared to 1,10
attributed to the Conventional practices. Alternating the initial value of Skilled Labour rate to
percentage reductions of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90% resulted in the
following NPVs for the spraying systems under investigation (Table 24). As one could expect
any alternation in the Skilled Labour rate is not solely enough to counterbalance the Cost of
Skilled Labour implied by the utilisation of the IPM alongside the huge expenses related to the

Spraying System acquisition.
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Table 24 Skilled Labour Rate Volatility on NPVs

Lahor Rate Volatility on NPVs

Current Values: -10% 40% 50%
Changing Cells:

% change in skilled Labor Rate 0% -10% 0% -30% -40% 50% -60% -10% -§0% 90%
Labor Rate 1,04% 094% 083% 073% 062 0,52% 042% 031% 021% 0%
Result Cels: rank rank rank rank rank rank rank rank rank rank
Historical 205.568¢€ | 1 205.568¢€] 1 205.568€] 1 205.568€] 1 205.568€] 1 205.568¢€] 1 205.568¢€] 1 205.568¢€] 1 25568€1 1] 205.568€) 1
Ref 0 204.014€ | 2 204014€ 2 204014€ | 2 204014€1 2 204014€1 2 204014€1 2 204014€1 2 204014€ 1 2 04014€| 2 | 204014€) 2
Ref 1 01881€| 3 01881€| 3 01881€| 3 201.881€| 3 01.881€] 3 01881€) 3 01881€| 3 01881€| 3 01881€| 3| 20L881€| 3
Ref 2 (100% of Ref 1) 112.214€| 9 116.725€| 9 121.235¢€] 9 125.746€ | 9 130.25¢€| 9 134767€| 9 1392717€] 9 143787€| 9 148298€) 9 | 152.808€] 9
smart&EDS  Ref 2 (79% of Ref 1) 114736€ | 8 119246€ | 8 13757€ 8 128267€| 8 132.778€ | 8 137.288€ | 8 11798€ | 8 146.309€ | 8 150819€| § | 155330€] 8
Bio Ref3 197.36€ | 4 197.23%6€ | 4 197.23%6€ | 4 197.23%6€ | 4 197.236€ | 4 197.23%6€ | 4 197.236€ | 4 197.36€ | 4 197.36€| 4| 197.36€) 4
Ref 4(100% of Ref 1) 110400€| 11 1492€) 11| 10942€) 11 13932€) 11 128443€) 1L 132953€| 1l 137.464€ ) 11 141.974€) 11 146485€ | 11| 150995€ | 11
smart &EDS 8DSS  Ref 4 (60% of Ref 1) 115.216€| 6 119727€] 6 1A37€] 6 128747€] 6 133.258€| 6 137.768€ | 6 142.279€ | 6 146.789€ | 6 151300€] 6 | 155.810€] 6
Ref 4 (40% of Ref 1) 117.624€| 5 122134€| 5 126.6M4€] 5 131.155€ ] 5 135.665€| 5 140.176€ | 5 144.686€ | 5 149.197€| 5 153707€] 5| 158.218€] 5
Ref 5 (100% of Ref 3) 105.756€ | 12 10267€] 12| 147T7€1 12| 109288€ 2| 1IB7%E| 1 128309€| 12 132819€| 12 137139¢€| 12 141.840€ | 12| 146350€ | 12
smart EDS8 DSS & Bio Ref 5 (63% of Ref 3] 112049€] 10|  116560€| 10| 120070€| 10| 125581€| 10| 130091€| 10| 134600€| 10| 139.112€| 10| 143622€| 10| 148.133€|10| 152643€|10
Ref 5 (50% of Ref 3) U4nee| 7| 1927€| 7| 1B767€| 7| 1820€| 7| BLIE| 7| 137298€| 7| 1L809€) 7| 146313€| 7| 150830€) 7| 165340€| T
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Figure 12 Skilled Labour Rate Volatility on NPVs
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4.3.3Smart Sprayers Acquisition Price Volatility on NPVs

Smart Sprayer’s Acquisition Price (Caffini Smart Synthesis 1000) was initially at 51,000
(euro) while the most affordable alternative was provided at only 5,100 (euro)(Pneumatic
CIMA Sprayer). The author wanted to assess whether proportional alternation of the initial
Smart Sprayers value to percentage reductions of 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% could result in different NPVs ranking.

The Table (25) below presents the new NPVs for the spraying systems under
investigation with regards to the above-mentioned cost reduction. One can easily observe that
even a reduction of 90% in the Smart Sprayer’s acquisition price, setting it in this way equal to
the most conventional alternative displayed in the Historical Reference (Pneumatic CIMA
Sprayer), would not result in a greater NPV than the one of the Historical references. This is to
say that there are production costs (Diesel, bio-PPPs, Skilled Labor) associated with the
employment of the Smart Sprayer that always exceeds the cost associated with the most
convectional practices. This is an interesting observation meaning that, although the Smart
Sprayer reduces the synthetic PPPs applied in the field the additional expenses associated with
EDS, DSS and bio-PPPs that result in the Smart options being less economically sustainable.
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Table 25 Smart Sprayer's Price Volatility on NPVs

Smart Sprayer's Price Volatility on NPVs

Current Values; 10% -20% 30% 0% 50% 60% 10% 0%
Changing Cells:

% change in smart Sprayer's Acquisition Cost 0% 10% 20% -30% 40% 50% -60% -10% -§0% 0%

Caffini Smart Synthesis 1000 Price 5L000,00€ 1590000€ 4080000€ 35.70000€ 30.60000€ 2550000€ 2040000€ 15300,00€ 10.20000€ 5.10000€
Result Cell: rank rank rank rank rank rank rank rank rank rank
Historical 05,568 1 [ 205568€| 1 [205568€) 1 [ 205.568€] 1 | 205568€| 1 | 205568€[ 1 [ 205.568€1 1 | 205568€[ 1 | 205.568€| 1 | 205.568€] 1
Ref 0 0404€1 2 | 204004€) 2 | 204004€) 2 | 204004€) 2 | 204014€| 2 | 20404€| 2 | 204004€) 2 | 204014€| 2 | 204014€) 2 | 204014€] 2
Ref 1 00881€] 3 | 0L881€| 3 | 200881€| 3 [ 200881€] 3 | 20L881€| 3 | 200L881€| 3 | 200.881€| 3 | 200L881€| 3 | 20L881€| 3 | 20088L€| 3
Ref 2 (100% of Ref 1) EL 9 | 116686€| 9 | 12LI57€] 9 | 125609€| 9 [ 130.100€| 9 | 34572€| 9 | 130.043€| 9 | 143505€| 9 | 147.986€| 9 | 152458¢€| 9
smart & EDS Ref 2 (79% of Ref ) HAT36€| 8 | 119207€| § | 123679€| 8 | 128150€| § | 132622€| 8 | 137.003€| 8 | 141.565€| § | 146.036€| & | 150.508€| § | 154.979€| 8
Bio Ref3 197.36€) 4 | 1972%6€| 4 | 197.36€) 4 | 197.36€| 4 | 197.23%6€| 4 | 197.36€| 4 [ 197.36€] 4 | 197.36€| 4 | 197.3%6€| 4 | 197.36€| 4
Ref 4 (100% of Ref 1) 1H0401€| 11 | 114873€| 11 | 119.344€) 11 | 123816€| 11 | 128287€ | 10 | 132759€ | 10 | 137.30€ | 11 | 14L702€| 11 | 146.073€| 11 | 150.645€) 11
smart 6EDS 805 Ref 4 60% of Ref 1) 15.216€ 6 | 119688€| 6 | 124.159€| 6 | 12863L€| 6 | 133.102€| 6 | 137.574€| 6 | 142045€| 6 | 146.517€| 6 | 150988€| 6 | 195.460€| 6
Ref 4 (40% of Ref 1) UTOE| 5 | 12209%€] 5 | 126567€| 5 | 13L038€| 5 [ 135500€| 5 | 139981€ | 5 | 144453€| 5 | 148.924€| 5 | 153.39%€| 5 | 157.867€| 5
Ref 5 (100% of Ref 3) 10575€ | 12 | 11028€| 12 | 114699€| 12 | 119.07L€] 12 | 123642€| 12 | 18104€ | 12 | 132.585€ | 12 | 137.057€| 12 | 140508€| 12 | 146.000€| 12
smart EDS& 0SS &Bio ~ Ref 5(65% of Ref 3) 12009€| 10 | 116520€] 10 | 120992€] 10 | 125464€] 10 | 129.935€ | 10 | 134.407€ | 10 | 138878€| 10 | 143.350€| 10 | 47 820€| 10 | 152293€| 10
Ref 5 (50% of Ref 3 UATAGE| T | 119218€) 7 | 123689€| 7 | 1BI61€) 7 | 130632€| 7 | 137.104€) 7 | WLST5€| 7 | We04T€| T | 10518€) T | IA0€] T
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NPV

Figure 13 Smart Sprayer's Price Volatility on NPVs
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4.3.4Change in Bio PPPs Price

One of the most important aspects regarding the Spart Spraying Systems, is its ability to
combine synthetic and Bio PPPs and apply them exactly in the area of the plant that needs
treatment. In this way, it is possible to reduce the PPPs residues, both on grapes and in soil,
while at the same time keeping the production yield unchanged. One could not help but notice
that the cost of Bio PPPs is an important cost element, as Bio PPPs are offered in higher market
prices than the conventional ones. Therefore, the author wanted to assess the impact of Bio
PPPs price Volatility on the various NPVSs. In line with this, the price of Bio-PPPs has been
proportionally alternated to account for 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%, 90%
reduction of their initial price. Table (26) below includes the new NPVs calculated for the

above-mentioned reduction in Bio PPPs prices.

Variations in the NPV regard only the spraying systems that utilise Bio PPPs. This means
that one would expect to see different NPVs only in Reference 3 and Reference 5
(100%,65%,50%). Results indicate that for up to 40% reduction in Bio PPPs Price, the
Historical Reference remains ranked as the first and most economic viable option, followed by
the Ref 0. An interesting observation is that for a 50% reduction in Bio-PPPs Price, Reference
3 turns out to be the second most profitable investment, while for any higher reduction in Bio
PPPs price Reference 3 would be the most profitable investment option. However, the full IPM
spraying setting examined at Reference 5 (100%, 65%, 50%) does exceed the threshold value
set by the Historical Reference for any change in Bio PPPs Price. This illustrated that even if
Bio PPPs were provided at a price 9 times cheaper than the current one, still, the NPV of

Proposed IPM (Reference 5-all %) will not be any close to the threshold value.
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Table 26 BIO-PPPs Price Volatility on NPVs

BIO-PPPs Price Violatility on NPVs

Current Values: -10% -20% -30% -40% 50%
Changing Cells:

Bio_PPPs_price 0% -10% 20% -30% 40% 50% 50% -10% §0% 90%
Result Cells: rank rank rank rank rank rank rank rank rank rank
Historical 205.568€1 1 205568 € 1] 205.568€| 1] 205.568€| 1| 205.568€| 1| 205.568€] 1 205.568€ | 2 205.568€ | 2 205.568¢€ | 2 205.568€ | 2
Ref 0 204.014€ | 2 20014€1 2 | 204014€| 2 | 204.014€| 2 | 204014€| 2 | 204014€] 3 204.014€ | 3 204.014€ 1 3 204.014€1 3 204.014€1 3
Ref1 01.881€1 3 201.881€| 3 | 201L.881€| 3 | 200.881€| 4 | 201L.881¢€| 4 | 201.881€| 4 201.881€ | 4 201.881€ | 4 201.881€ ] 4 201.881€| 4
@(&% g Ref2 (100%of Ref1) 112.214€1 9 124€) 10| 112.204€1 10| 112214€1 10| 102.204€ ) 11| 112214€ | 11| 102204€ (11|  102.204€ ) 10|  122014€| 11|  112214€) 1L
§79 Ref2(79%of Reft)  114.736€| 8 | 1147357481 | 8 | 114.736€| 8 | 114736€| 9 | 114736€| 9 | 114.736€| 9 14736€ (10| 114736€ (10| 114736€10) 114736€] 10
Bio Ref3 197.236€ | 4 198.851€ | 4 | 200466€| 4 | 202.081€| 3 | 203.6%¢€| 3 | 205311€] 2 206.926€| 1 208.541€( 1 20.155€( 1 A1L70€] 1
Ref4 (100% of Ref1) 110.401€ | 11 110.401€ 11| 110401€| 11| 110401€|12| 110401€ | 12| 110401€| 12| 110401€|12| 110401€|12| 110401€|12| 110401€| 12
$ %00’ Qé? Ref4 (60%of Ref1)  115.216€ | 6 15.216€) 7| 105.206€| 7 | 115216€| 7 | 115.216€| 8 | 115.216€| 8 115.216€ | 9 115.216€ | 9 115.216€ | 9 115.216€1 9
‘§ v ¥ Refd (40%of Ref1)  117.624€ | 5 U7624€ (5 | 117624€) 5| 117.624€( 5 | 117.624€| 6 | 117.64€] 6 17.624€ | 7 17.624€ | 7 117.624€ | 8 117.624€| 8
Ref 5 (100% of Ref3)  105.756€ | 12 107.371€ [ 12| 108.986€| 12| 110.601€ | 11| 112.216€| 10| 113.831€|10|  115.446€] 8 117.061€ | 8 118.676€ | 7 120291€1 7
'bb ¢ é;& 0 Ref5 (65%of Ref3)  112.049¢€ | 10 113.09€| 9 | 114149€| 9 | 115.198€| 8 | 116.248€| 7 | 117.098¢€| 7 118347€ | 6 119.397€ | 6 120447¢€ | 6 121497€1 6
"@("Q 9 ¢ Ref5 (50%of Ref3)  114.746€ | 7 115.554€| 6 | 116361¢| 6 | 117.169€| 6 | 117.976€| 5 | 118783€| 5| 119.591€| 5| 120398¢€| 5| 120206€| 5| 122088¢| 5
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Figure 14 BIO-PPPs Price Volatility on NPVs
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4.3.5Change in Premium Grapes Price

Another very important aspect related to Smart IPM adoption is its ability to add value
to the production, by eliminating the PPPs residues on the grapes. In this way grapes cultivated
with IPM can be considered premium grapes, or high-quality products. Empirical studies have
shown that consumers are willing to pay a price premium for green products owing to the
additional utility they gain from purchasing such products (Hopkins and Roche, 2009). Thus,
it was deemed reasonable to project scenarios for different selling prices for the grapes
cultivated with Smart IPM setting to account for incremental incomes that can be achieved by
choosing an environmentally friendly alternative (Savic et al., 2019). Scenarios below alternate
Grapes Price so as it is increased proportionally 10%, 20%, 30%, 40%, 50%, 60%, 70%, 80%,
90% from the initial price (1 euro/kg).

Table 24 below shows the new NPVs for the increased premium grapes price.

It becomes evident that for any increase in grapes price (for those cultivated with Smart
IPM) higher than 30% Smart IPM adaptation can be proven more beneficial as the direct
increase in the Revenue stream result in NPVs that exceed the threshold set by the Historical
Reference. In fact, for a 30% increase in premium grapes price all reference settings including
the Smart IPM turn out more profitable for the farmer, although the huge initial capital

expenditure for the FULL IPM acquisition.

It becomes clear, that any increase in grapes price, justified as a premium price for
premium products, have a direct impact on NPV through increasing farmer’s Revenue. Finally,
revenues can increase due to different reasons. It should be noted that measuring revenues
consists of adding together returns from the sale of agricultural products, government
programme receipts and other miscellaneous revenues. Government programme receipts are
programme or support payments that relate to the sale or production of those same products,
and thus can play an important role in the extent to which farmers are motivated, enabled, and

legitimised motivated to consider employing IPM spraying systems.

73



Table 27 Premium Grapes Price Volatility on NPVs

Premium Grapes Price Volatility on NPVs

Current Values: 10% 20% 30% 40% 50% 60% 70% 80%
Changing Cells:
grapes_price_premium 0% 10% 20% 30% 40% 50% 60% 70% 80% 90%
grapes price 1,00€ 110€ 120€ 130€ 140€ 150€ 160€ 170€ 180€ 190€
Result Cells: rank rank rank rank rank rank rank rank rank rank
Historical 205568€| 1 | 205568€| 1 | 205.568€| 1 | 205.568€| 8 | 205.568€| 9 | 205.568€| 9 | 205.568€| 9 | 205.568€| 9 | 205.568€( 9 | 205.568€| 9
Ref0 204014€( 2 | 204.014€| 2 | 204014€| 2 | 204014€( 9 | 204.014€| 10 | 204.014€| 10 | 204.014€| 10 | 204.014€| 10 | 204.014€| 10 | 204.014€| 10
Ref1 201.881€| 3 | 201.881€| 3 | 201.881€| 3 | 201.881€| 11 | 201.881€| 11 | 201.881€ | 11 | 201.881€ | 11 | 201.881€ | 11 | 201.881€ | 11 | 201.881€| 11
& ‘9:, Ref2 (L00% of Ref 1) 112214€ 1 9 | 144580€| 9 | 176.945€| 9 | 209.310€| 5 | 241676€| 5 | 274.041€| 5 | 306407€| 5 | 338772€| 5 | 37L137€| 5 | 403.503€| 5
§y Ref2 (79% of Ref1) 114736€ | 8 | 147.101€| 8 | 179467€| 8 | 211.832€| 4 | 244.197€| 4 | 276563€| 4 | 308.928€| 4 | 341.293€| 4 | 373.659€| 4 | 406.024€| 4
Bio Ref3 197.236€ | 4 | 197.236€| 4 | 197.236€| 4 | 197.236€| 12 | 197.236€| 12 | 197.236€| 12 | 197.236€| 12 | 197.236€| 12 | 197.236€| 12 | 197.236€| 12
& Refd (L00% of Ref 1) 110401€ | 11 | 142767€ | 11 | 175.132€| 11 | 207.497€| 7 | 239.863€| 7 | 272.228€| 7 | 304.593€| 7 | 336.959€| 7 | 369.324€| 7 | 401.690€| 7
(3;0 @é, Ref4 (60% of Ref1) 115216€ | 6 | 147581€| 6 | 179.947€| 6 | 212.312€| 2 | 244678€| 2 | 277.043€| 2 | 309.408€| 2 | 34L774€| 2 | 374139€| 2 | 406.505€| 2
4‘@ Ref4 (40% of Ref1) 117.624€ | 5 | 149989€| 5 | 182.354€| 5 | 214720€) 1 | 247.085€| 1 | 279.451€( 1 | 311.816€| 1 | 344.181€) 1 | 376.547€ 1 | 408.912€( 1
049 o Ref5 (L00% of Ref3) 105.756€ | 12 | 138.122€| 12 | 170.487€| 12 | 202.852€| 10 | 235.218€| 8 | 267.583€| 8 | 299.949€| 8 | 332.314€| 8 | 364.679€| 8 | 397.045€| 8
é& é? Ref5 (65% of Ref3) 112.049€ | 10 | 144415€| 10 | 176.780€| 10 | 209.145€| 6 | 241511€( 6 | 273.876€| 6 | 306.242€| 6 | 338.607€| 6 | 370.972€| 6 | 403.338€| 6
& Ref5 (50% of Ref3) 14.786€ ) 7 | 147.102€| 7 | 179477€| 7 | 211842€| 3 | 244.208€| 3 | 276.573€| 3 | 308.939€| 3 | 341304€| 3 | 3/3.669€| 3 | 406.035€| 3
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Figure 15 Premium Grapes Price Volatility on NPVs

NPV

450.000 €

400.000 €

350.000 €

300.000 €

250.000 €

200.000 €

150.000 €

100.000 €

10%

Premium Grapes Price Volatility on NPVs

20% 30% 40% 50% 60% 70% 80% 90%
Perecentage Changes
— Historical —Ref 0 —Ref 1 Ref 2 (100% of Ref 1)
——Ref 2 (79% of Ref 1) ==—=Ref3 —Ref 4 (100% of Ref 1) ===Ref 4 (60% of Ref 1)
—Ref 4 (40% of Ref 1)  =—Ref5 (100% of Ref 3) =——Ref5 (65% of Ref3) ——==Ref5 (50% of Ref 3)

75




4.3.6Change in DSS price

The scenarios analysis for DSS’s price volatility and its impact on NPV showed (Table
29) that there was a DSS price that would result in any change on the rankings of the NPVs.
One can only observe minor changes in NPV values resulting from the reduced DSS’s price,
which obviously does not impact the profitability ranking of the proposed spraying systems.
This implicates that, even, a 90% cost reduction in DSS acquisition price would not result in

making the proposed IPM a more attractive investment option.

4.3.7Change in EDS price

The scenario analysis regarding EDS’s price(Table 28) has revealed that even the highest
percentage change of 90% in the EDS acquisition price will imply minor changes in NPV
values, which results in zero impact on the ranking of the proposed spraying systems. This does
not come surprisingly as the EDS price is considered a minor investment cost accounting for
only 680 euros. For the proposed IPM, this implies that even, a 90% cost reduction in EDS’s

Price would not result in making it look more attractive to investors.

4.3.8Change in EDS Annual Subscription Fee

EDS Annual Subscription Fee amounts to only 200 euro, thus any reduction in this cost,
would not impact the overall cost significantly. As it has been the case for reduction in EDS’s
price, the same hold for EDS’s Annual Subscription fee, meaning that any related cost
reduction will have a minor effect on NPV values, and there is zero impact on the ranking of
the proposed spraying systems. This implicates that, even, a 90% cost reduction in EDS’s
Annual Sub Fee would not result in making the proposed IPM a more attractive investment
option. Scenario analysis results are displayed in Table (31).

4.3.9Change in DSS Annual Subscription Fee

DSS Annual Subscription Fee amounting to 500 euro, represents a small cost in the total
cost structure of the proposed IPM. Therefore, only minor Changes in NPV values are noted
due to percentage reductions in DSS’s Annual Fee. Consequently, such negligible changes
have no impact on the ranking of the proposed spraying systems, and thus even a 90% cost

reduction in DSS’s Annual Fee would not result in making it look more attractive it to investors.
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Table 28 EDS Acquisition Price Volatility on NPVs

Scenario Summary DSS Acquisition Price Volatility on NPVs
Current Values: -30% -40% -50% -60%
Changing Cells:
% change in DSS_Acq_Price 0% -10% -20% -30% -40% -50% -60% -70% -80% -90%
DSS_Acq_Price 680 € 612,00 € 544,00 € 476,00 € 408,00 € 340,00 € 272,00 € 204,00 € 136,00 € 68,00 €
Result Cells: rank rank rank rank rank rank rank rank rank rank
Historical I 205.568 € 1 205.568 € 1 205.568 € 1 205.568 € 1 205.568 € 1 205.568 € 1 205.568 € 1 205.568 € 1 205.568 € 1 205.568 € 1
Ref0 204.014 € 2 204.014 € 2 204.014 € 2 204.014 € 2 204.014 € 2 204.014 € 2 204.014 € 2 204.014 € 2 204.014 € 2 204.014 € 2
Ref 1 201.881 € 3 201.881€ 3 201.881 € B 201.881€ 3 201.881 € 3 201.881 € g 201.881€ 3 201.881 € 3 201.881 € B 201.881€ B
Ref 2 (100% of Ref 1) 112.214 € 9 112.214 € 9 112.214 € 9 112.214€| 10 112.214 € 10 112.214 € 10 112.214€| 10 112.214€| 10 112.214 € 10 112.214 € 10
smart & EDS Ref 2 (79% of Ref 1) 114.736 € 8 114.736 € 8 114.736 € 8 114.736 € 8 114.736 € 8 114.736 € 8 114.736 € 8 114.736 € 8 114.736 € 8 114.736 € 8
Bio Ref3 197.236 € 4 197.236 € 4 197.236 € 4 197.236 € 4 197.236 € 4 197.236 € 4 197.236 € 4 197.236 € 4 197.236 € 4 197.236 € 4
Ref 4 (100% of Ref 1) 110.401€| 11 110.461 € 11 110.520 € 11 110.580€ | 11 110.640 € 11 110.699 € 11 110.759€ | 11 110.818€ | 11 110.878 € 11 110.938 € 11
smart &EDS &DSS Ref 4 (60% of Ref 1) 115.216 € 6 115.276 € 6 115.335€ 6 115.395 € 6 115.455 € 6 115.514 € 6 115.574 € 6 115.633 € 6 115.693 € 6 115.753 € 6
Ref 4 (40% of Ref 1) 117.624 € 5 117.683 € 5 117.743 € 5 117.802 € 5 117.862 € 5 117.922 € 5 117.981 € 5 118.041 € 5 118.101 € 5 118.160 € 5
Ref 5 (100% of Ref 3) 105.756 € | 12 105.816 € 12 105.876 € 12 105.935€ | 12 105.995 € 12 106.054 € 12 106.114€ | 12 106.174€ | 12 106.233 € 12 106.293 € 12
smart EDS& DSS & Bio Ref 5 (65% of Ref 3) 112.049€| 10 112.109 € 10 112.168 € 10 112.228 € 9 112.288 € 9 112.347 € 9 112.407 € 9 112.467 € 9 112.526 € 9 112.586 € 9
Ref 5 (50% of Ref 3) 114.746 € 7 114.806 € 7 114.865 € 7 114.925 € 7 114.985 € 7 115.044 € 7 115.104 € 7 115.164 € 7 115.223 € 7 115.283 € 7

Table 29 DSS Acquisition Price Volatility on NPVs

Scenario Summary EDS Acquistion Price Volatility on NPVs

Current Values: -30% -40% -50% -60%
Changing Cells:

EDS_Acq_Price 0% -10% -20% -30% -40% -50% -60% -70% -80% -90%
EDS price 10.000,00 € 9.000,00 €  ## 8.000,00€ ## 7.000,00€ ## 6.00000€ ## 5.00000€ ## 4.000,00€ ## 3.00000€ ## 2.000,00€ ## 1.000,00€
Result Cells: rank rank rank rank rank rank rank rank rank rank
Historical I 205.568€| 1 205.568 €| 1 205.568€| 1 205.568€| 1 205.568€] 1 205.568€| 1 205.568€| 1 205.568€| 1 205.568€| 1 205.568 € 1
Ref0 204.014€ | 2 204.014€( 2 204.014€ | 2 204.014€ | 2 204.014€( 2 204.014€ | 2 204.014€ | 2 204.014€ (| 2 204.014€ | 2 204.014 € 2
Ref1 201.881€| 3 201.881€( 3 201.881€| 3 201.881€ | 3 201.881€( 3 201.881€| 3 201.881€| 3 201.881€( 3 201.881€| 3 201.881€ 3
Ref 2 (100% of Ref 1) 112.214€ | 9 113.091€| 9 113.968€ | 9 114.845€ | 9 115.721€| 9 116.598€ | 9 117.475€ | 9 118.352€ | 9 119.228€ | 9 120.105€| 9
smart & EDS Ref 2 (79% of Ref 1) 114.736€ | 8 115.613 €| 8 116.489€ | 8 117.366€ | 8 118.243 €| 8 119.120€ | 8 119.996€ | 8 120.873 €| 8 121.750€ | 8 122.627€| 8
Bio Ref3 197.236€ | 4 197.236€ | 4 197.236€ | 4 197.236€ | 4 197.236€ | 4 197.236€ | 4 197.236€ | 4 197.236 €| 4 197.236€ | 4 197.236 €| 4
Ref 4 (100% of Ref 1) 110.401€ | 11 111.278€ | 11 112.155€ | 11 113.031€| 11 113.908€ | 11 114.785€ | 11 115.662 € | 11 116.538 € | 11 117.415€ | 11 118.292€ | 11
smart &EDS &DSS Ref 4 (60% of Ref 1) 115.216€| 6 116.093€| 6 116.970€ | 6 117.846€| 6 118.723€| 6 119.600€ | 6 120.477€| 6 121.353€| 6 122.230€| 6 123.107 € 6
Ref 4 (40% of Ref 1) 117.624€| 5 118.500€ | 5 119.377€| 5 120.254€| 5 121.131€| 5 122.007€| 5 122.884€| 5 123.761€| 5 124.638€| 5 125.514 € 5
Ref 5 (100% of Ref 3) 105.756 € | 12 106.633 € | 12 107.510€ | 12 108.387 € | 12 109.263 € | 12 110.140€ | 12 111.017 €| 12 111.894 € | 12 112.770€ | 12 113.647€ | 12
smart EDS& DSS & Bio Ref5 (65% of Ref 3) 112.049€ | 10 112.926 € | 10 113.803 € | 10 114.680€ | 10 115.556 € | 10 116.433€ | 10 117.310€ | 10 118.187 €| 10 119.063 € | 10 119.940€ | 10
Ref 5 (50% of Ref 3) 114.746 € | 7 | 115623 €| 7 | 116.500€ | 7 | 117.376€| 7 | 118.253€| 7 119.130€ | 7 120.007€ | 7 | 120.884€| 7 | 121.760€| 7 | 122.637€| 7
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Table 30 EDS Sub Fee Volatility on NPVs

Scenario Summary EDS Subscription's Price Volatility on NPV
Current Values: -30% -40% -50% -60%
Changing Cells:
% change in EDS_Sub_F 0% -10% -20% -30% -40% -50% -60% -70% -80% -90%
EDS_Acq_Price 500 € 450 € 400 € 350 € 300 € 250 € 200 € 150 € 100 € 50 €
Result Cells: rank rank rank rank rank rank rank rank rank rank
Historical I 205.568€| 1 205.568€] 1 205.568€] 1 205.568€| 1 205.568€] 1 205.568€ ]| 1 205.568€| 1 205.568€| 1 205.568€| 1 205.568 € 1
Ref 0 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014 € 2
Ref 1 201.881€| 3 201.881€| 3 201.881€| 3 201.881€| 3 201.881€| 3 201.881€| 3 201.881€| 3 201.881€| 3 201.881€| 3 201.881 € 3
Ref 2 (100% of Ref1) 112.214€| 9 118.299€| 9 124.384€ | 9 130.469€ | 9 136.554€| 9 142.639€| 9 148.723€| 9 154.808€ | 9 160.893€| 9 166.978 € 9
smart & EDS Ref 2 (79% of Ref 1) 114.736€ | 8 120.821€ | 8 126.905€ | 8 132.990€ | 8 139.075€ | 8 145.160€ | 8 151.245€ | 8 157.330€ | 8 163.415€ | 8 169.500 € 8
Bio Ref3 197.236€ | 4 197.236€ | 4 197.236€ | 4 197.236€ | 4 197.236€| 4 197.236€ | 4 197.236€ | 4 197.236€| 4 197.236€ | 4 197.236 € 4
Ref4 (100% of Ref1) 110.401€ | 11 116.486 € | 11 122.571€| 11 128.656 € | 11 134.741€ | 11 140.825€ | 11 146.910€ | 11 152.995€ | 11 159.080€ | 11 165.165€ | 11
smart &EDS &DSS Ref 4 (60% of Ref 1) 115.216 €| 6 121.301€ | 6 127.386€ | 6 133.471€ | 6 139.556 € | 6 145.640€ | 6 151.725€ | 6 157.810€ | 6 163.895€ | 6 169.980 € 6
Ref 4 (40% of Ref 1) 117.624€| 5 123.708€ | 5 129.793€| 5 135.878€ | 5 141.963€| 5 148.048€ | 5 154.133€| 5 160.218€ | 5 166.302€ | 5 172.387 € 5
Ref 5 (100% of Ref3) 105.756 € | 12 111.841€ | 12 117.926 € | 12 124.011€ | 12 130.096 € | 12 136.181€ | 12 142.266 € | 12 148.350 € | 12 154.435€ | 12 160.520€ | 12
smart EDS& DSS & Bio Ref 5 (65% of Ref 3) 112.049€ | 10 118.134 € | 10 124.219€ | 10 130.304 € | 10 136.389 € | 10 142.474 € | 10 148.558 € | 10 154.643 € | 10 160.728 € | 10 166.813 €| 10
Ref 5 (50% of Ref 3) 114.746 €| 7 120.831€| 7 126.916 €| 7 133.001€| 7 139.086 €| 7 145.170€ | 7 151.255€ | 7 157.340€ | 7 163.425€ | 7 169.510 € 7

Table 31 DSS Subscription's Price Volatility on NPV

Scenario Summary DSS SUB FEE VILATILITY ON NPVs
Current Values: -40% -50%
Changing Cells:
DSS_Sub_Fee 0% -10% -20% -30% -40% -50% -60% -70% -80% -90%
DSS Annual Sub Fee 200 € 180 € 160 € 140 € 120€ 100 € 80€ 60 € 40€ 20€
Result Cells: rank rank rank rank rank rank rank rank rank rank
Historical | 205.568€| 1 205.568 € 1 205.568 € 1 205.568€| 1 205.568€| 1 205.568€| 1 205.568 € 1 205.568 € 1 205.568 € 1 205.568€| 1
Ref0 204.014€ | 2 204.014€| 2 204.014€| 2 204.014€ | 2 204.014€ | 2 204.014€ | 2 204.014 € 2 204.014€| 2 204.014 € 2 204.014€| 2
Refl 201.831€| 3 201.831€| 3 201.881€| 3 201.831€| 3 201.881€| 3 201.881€| 3 201.881€ 3 201.881€| 3 201.881 € 3 201.881€| 3
Ref 2 (100% of Ref 1) 112.214€| 9 112.214€| 10 112.214€| 10 112.214€| 9 112.214€| 9 112.214€| 9 112.214 € 9 112.214€| 9 112.214 € 9 112.214€| 9
smart & EDS  Ref2 (79% of Ref 1) 114.736 €| 8 114.736 €| 8 114.736€| 8 114.736 €| 8 114.736 €| 8 114.736 €| 8 114.736 € 8 114.736 €| 8 114.736 € 8 114.736 €| 8
Bio Ref3 197.236€| 4 197.236€| 4 197.236€| 4 197.236€| 4 197.236€ | 4 197.236€| 4 197.236 € 4 197.236€| 4 197.236 € 4 197.236€| 4
Ref 4 (100% of Ref 1) 110.401€ | 11 110.815€ | 11 111.229€| 11 111.642€| 11 112.056 € | 11 112.470€ | 11 112.884 € 11 113.298 €| 11 113.711€ 11 114.125€ | 11
smart &EDS &DSS Ref 4 (60% of Ref 1) 115.216€| 6 115.630€| 6 116.044€| 6 116.457€| 6 116.871€| 6 117.285€| 6 117.699 € 6 118.112€| 6 118.526 € 6 118.940€| 6
Ref 4 (40% of Ref 1) 117.624€| 5 118.037€| 5 118.451€| 5 118.865€| 5 119.279€| 5 119.692€| 5 120.106 € 5 120.520€| 5 120.934 € 5 121.348€| 5
Ref 5 (100% of Ref 3) 105.756 € | 12 106.170€ | 12 106.584 € | 12 106.998 €| 12 107.411€ | 12 107.825€ | 12 108.239 € 12 108.653 €| 12 109.066 € 12 109.480€ | 12
mart EDS& DSS & BiRef 5 (65% of Ref 3) 112.049€ | 10 112.463€| 9 112.877€| 9 113.291€| 10 113.704 € | 10 114.118€ | 10 114.532 € 10 114,946 €| 10 115.359 € 10 115.773 €| 10
Ref 5 (50% of Ref 3) 114.746 €| 7 115.160€ | 7 115.574€| 7 115.987€| 7 116.401€ | 7 | 116.815€| 7 117.229 € 7 117.643€| 7 118.056 € 7 118.470€ | 7
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Figure 16 EDS Acquisition Price Volatility on NPVs
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Figure 17 DSS Acqusition Price Volatility on NPVs
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Figure 18 EDS Subscription's Price Volatility on NPVs
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Figure 19 DSS Subscription's Price Volatility on NPVs
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4.3.10 Best Cases Scenarios

Finally, the author considered alternating many parameters at once and assess the overall impact
on NPVs from such alternations. Thus, a Worst-case scenario and a Best-Case Scenario have been
projected, as well as two other variations of the Best-Case Scenario. Case 1 represents the Worst Case
(WC) and Case 4 accounts for the Best Case (BC), while Cases 2 and 3 are intermediate variations of
the Best-Case scenario. The WC is the one where although the Cost of Labor is reduced to 80% of its
initial costs the other cost elements are not seeing a significant reduction. Under the WC, the proposed
IPM is not considered an attractive investment.

Taking a closer look at Case 2, one can observe that the Proposed IPM becomes more profitable
than the conventional ones in all References where it is employed. This is considered a very good
scenario for the IPM’s investment attractiveness. In Case 3 and Case 4 the same parameters are
employed as of Case 2, but this time the price of premium grapes is increased to 20% and 30%

respectively.

Notably, by comparing the NPVs in Cases 2 and 3 one can see that for only an additional 10%
increase in premium grapes price the proposed system has an additional economic benefit of more than
20,000 euro, which for an additional 10% increase in premium grapes, results in extra over 30,000 euro,

setting Reference 5 (100%) 0.8 times more profitable than the threshold value of Historical Reference.

Table 32 NPV'’s Volatility on Best Cases Scenario

Scenario Summary

Current Values: Case 1l Case 2 Case 3 Cased
Changing Cells:
grapes_price_premium 0% 10% 10% 20% 30%
skilled_|abor_rate 0% -10% 0% 0% 0%
Bio_PPPs_price 0% -10% -30% -30% -30%
smart_Sprayer_price 0% -20% -60% -60% -60%
DS5_Sub_Fee 0% -10% 0% 0% 0%
EDS_Sub_Fee 0% -10% 0% 0% 0%
DS5_Acq_Price 0% -20% -30% -30% -30%
EDS_Acq_Price 0% 0% -50% -50% -50%
Labor_wage 0% -80% -80% -80% -80%
Result Cells: rank rank rank rank rank
Historical | 205.568€| 1 205.568€| 1 205.56B€| 9 | 205568€( 9 | 205568€( 9
RefD 204.014€ [ 2 204.014€ [ 2 204.014€ | 10 | 204.014€( 10 | 204.014€| 10
Ref 1 201.881€ | 3 201.881€ | 4 | 201.881€( 12 | 201.881€( 12 | 201.881€| 12
Ref2(100% of Ref1) 112.214€ | 9 | 196.593€ | 10 | 211.876€| 6 | 244.242€| 6 | 276.607€| 6
smart & EDS Ref2(79%of Ref1) 114.736€| 8 | 199.115€ | 7 | 214.398€| 5 246.763€ | 5 279.128€( 5
Bio Ref3 197.236€ | 4 | 198851€| 8 | 202.081€( 11 | 202.081€( 11 | 202.081€| 11
Refd (100% of Ref1) 110.401€ | 11 | 195313€ | 11 | 210.242€( 8 | 242607€| 8 | 274973€| 8
smart &EDS &DSS Refd (60% of Ref1) 115.216€ | 6 | 200.12B€ | 6 | 215.057€| 3 247.422€ | 3 279.78B€| 3
Refd (40% of Ref1)  117.624€ | 5 202.535€( 3 217464 €| 1 249.830€] 1 282.195€| 1
Ref5(100% of Ref3) 105.756€ | 12 | 192.283€ | 12 | 210442€( 7 | 242807€| 7 | 275.173€| 7
smart EDS& DS5 & Bio  Ref5(65%of Ref3) 112.049€ | 10 | 198.011€ | 9 | 215.039€ | 4 | 247.404€| 4 | 279.770€| 4
Ref5(50% of Ref3)  114.746€ | 7 | 200466€| 5 | 217.009€ | 2 | 249.375€| 2 | 281.740€| 2
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5. Conclusions & Recommendations

This final chapter serves to answer the research question while drawing conclusions from the
study. Additionally, one can find presented the theoretical contributions, implications for
practitioners and society.

5.1. General Conclusions

The food industry produces large quantities of branded products on a constant basis so
that they become available to consumers and fulfil population needs. In this line, caring for
quality and safety throughout the food chain is a common practice for many stakeholders.
Consequently, the food industry has a leading role in improving nutrition and consumer
protection and information. By undertaking Life Cycle Cost Analysis in Food Industries, and
especially in cultivations of high-quality products, i.e., grapes, it becomes clear that there are
numerous issues related to agricultural practices that aim for high production yields utilising a
vast amount of Plant Protection Products (PPPs). Likewise, such methods are harmful to all as
they can cause soil and water contamination but also pose serious health issues to both workers
applying them and bystanders and to the final consumer.

The idea of a new way of managing inputs in a crop is called Precision Agriculture.
Precision agriculture practices using high-tech equipment are considered as having the ability
to reduce agricultural inputs by site-specific applications, as they better target inputs to spatial
and temporal needs. Furthermore, Precision Agriculture is argued to positively impact farm
productivity and food quality with Integrated Pest Management (IPM). This study assessed the
economic suitability of an IPM framework that provides a holistic approach that includes the
major elements related to integrated disease management:

combined use of bio-PPPs and synthetic PPPs,

T @

DSS for disease prediction,

134

spectral disease detection systems,

d. precision spraying techniques.

For this fulfilling purpose, this study used a case farm (5,91 ha) located in the Piemonte
region, where six different Spraying Systems were examined and evaluated in a comparative
approach to illustrate the computations pertaining to machine acquisition and operating cost
associated with the above-mentioned spraying settings. The main objective of this thesis study
has been to develop a dynamic costing model that can be used in Life-Cycle Cost (LCC)
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analyses of different alternatives among varying production equipment designs to be utilised
in table vineyards cultivation. To this end, the problem has been handled with an emphasis on
the initial acquisition cost of the equipment (both hardware & software) as well as on the
operating expenses. Special attention was paid to designing a methodology that can be
modified according to alternating needs that are likely to emerge in the future. Therefore, the
resulting model came out as a dynamic method that is applicable for decision-making processes
in the future, where required modifications can be performed on the model, when necessary,
just by introducing new cost elements and removing the factors which are out of date or

accounting for variable hectares of cultivated area.

The entire life-cycle cost analysis model has been built on three main stages. The first
stage included defining the correct cost drivers/centres that affect each spraying system's life-
cycle cost under investigation. Once the set of cost drivers was identified, the main skeleton of
the model was equally completed. Similarly, the model’s outcomes were utilised to calculate
the Net Present Value of each spraying alternative, which constituted the second stage. As a
result, the accuracy and precision of data have been improved by considering the effects of
time value for money reflected in interest rate. Finally, the ultimate stage to complete the LCC
methodology was to perform different scenarios to assess the NPV’s volatility due to
fluctuations in the parameters that can alter in the future as the novelty of the proposed IPM

will gradually decline.

To provide insights into how the model performs for Life-Cycle Cost Analysis, a
comparative case study was conducted under six different settings utilising Historical Data
supplied by the Pusabren Farm (20018) (Historical Reference).This approach can support
informed long-term decision-making and promote the design of sustainable and cost-efficient
interventions and more resource-efficient food supply chains. Referring to the Views of
Bussemart et al. (2012), who identified that agricultural practices that use fewer PPPs per
hectare could be cheaper than practices more PPP intensive, the present study provides
evidence that this can be the case as different combination scenarios which alter the cost
elements of the proposed IPM result in higher NPV achieved by IPM than conventional
agricultural practices. The results can be helpful to highlight the main hot spots in spraying
PPPs to Vineyards to combat Downy Mildew, linked to the life Cycle stage and to specific

agricultural practices to suggest improvements for more sustainable management.
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5.2.  Theoretical Contributions

This study contributes to the literature in Precision Agriculture and Environmental
Entrepreneurship as a subject of sustainable entrepreneurship. Firstly, this study contributes to
the domain of PA by examining a novel IPM system in vineyards cultivation which includes
the major elements related to integrated disease management. Considering Alec Ross, in his
book “The Industries of the Future” (2016, p. 272), “The greatest hope for feeding an
exponentially growing world population comes from the combination of big data and
agriculture — precision agriculture. ». In this line, the present study proves economic evidence
on the Profitability of IPM strategies that significantly reduce reliance on conventional

pesticides while maintaining crop performance and yield (Lamichhane et al., 2015).

With the broader use of IPMs, the possibilities for obtaining up-to-date data from crops
will increase. At the same time, the volume of data (temperature, humidity, etc.) will increase,
which in addition to data collection by the appropriate sensors (cameras), will have to be
collected (cloud), evaluated (data analysis) and extracted (data appropriate information for the
proper management of inputs in a crop. Therefore, this study has contributed to supporting food
security and food safety goals (SDG 2) promoted under the Agenda 2030 for Sustainable

Development.

Secondly, by undertaking an LCC assessment (in Vineyards for PPPs Spraying), this
study contributes by providing quantitative evidence on the potential of Integrated Pest
Management to increase sustainability relative to non-IPM strategies under both regional and
crop-specific growing conditions (Lamichhane et al. 2015). Therefore, this study contributes
by providing evidence such as economic cost and benefits of IPM solutions within the
European context, in a field that has been previously characterised as scarce (Lefebvre et al.,
2014; Lamichhane et al. 2015).

5.3. Implications for Practitioners

For all farmers and entrepreneurs or consultants and business developers in the field of
PA with a focus on intensive agricultural systems in terms of pesticides, such as speciality
crops (i.e., table grapes), this study offers an opportunity to assess what aspects influence the

investment decision of both mainstream Sprayers and the proposed IPM. When producers
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determine whether it is feasible to purchase the full OPTIMA IPM, it is imperative to compare
machine investment costs and operating costs. If acquisition cost is relatively high for an IPM,
the producer would expect operating expenses to be fairly reduced to counterbalance the initial
investment. As noted in this study, the proposed IPM does not result in a more viable
investment among the options considered for given input data. However, as the scenario
analysis revealed, specific circumstances would set the proposed IPM more profitable in the

long run.
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Cash Flow Streams for NPV Calculation — Historical Data

Historical Data Cost of Chemical Weeding all other Operational Costs
et Annual Operational Spraying Costs Op.reor::ng All Other Operating Costs Other Labor OTHER PPPS L Olf:rsgperatmg ALLO:ZRS':IIONAL Depreciation
Cost Costs of Spraying Revenues EBITDA TAX (20%) NOCF
Years EDS DS§ TOTAL PPPs Labor diesel electricity diesel mineral fertilisers
0 5.10000€ - . 5.10000€ . 5.10000€
1 1879,29€ 1.287,20€ 461,69€ 3.628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 1820,02€ 15.012,49€ 18.640,66 € 53.190€ 3454934 € 446,25€ 34.103,09€ " 6.820,62 € 21.28247€ 271872€
2 1879.29€ 1281.0€ 461,69€ 3628,17€ 127656 € 233741€ 1.182,00€ 8396,50€ 1820,02€ 15.012,89€ 18,640,66 € 53.190€ 34.549.34€ 41650€ 313284€ " 6.826,57 € 27.306,27€ FINPYNIES
3 1879,29€ 1287,20€ 461,69 € 3.628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 182002€ 15.012,49¢€ 18.640,66 € 53.190¢€ 3454934 € 386,75 € 3.162,59¢€ " 6.832,52€ 2133007€ 27.71682€
4 1879,29€ 1.287,20€ 461,69€ 3.628,17€ 127656 € 233741¢€ 1.182,00€ 8396,50€ 1820,02€ 15.012,49€ 18.640,66 € 53.190€ 3454934 € 357,00€ 319,3€ " 6.83847€ 2135387¢€ 2171087€
5 1879.29€ 1281.0€ 461,69€ 3628,17€ 127656 € 233741€ 1.182,00€ 8396,50€ 1820,02€ 15.012,89€ 18,640,66 € 53.190€ 34.549.34€ 075€ 20,09¢ " 6.844,42€ 237767¢€ 27.0492€
6 1879,29€ 1287,20€ 461,69 € 3.628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 182002€ 15.012,49¢€ 18.640,66 € 53.190¢€ 3454934 € 29750€ WB184€" 6.85037€ 2740147€ 2769897 €
7 1879,29€ 1.287,20€ 461,69€ 362817 € 127656 € 233741¢ 1.182,00€ 8396,50€ 1820,02€ 15.012,49€ 18.640,66 € 53.190€ 3454934 € 267,75€ 34.28159¢€ " 6.856,32 € 2142527 ¢€ 2769302€
8 1879.29€ 1281.0€ 461,69€ 3628,17€ 127656 € 233741€ 1.182,00€ 8396,50€ 1820,02€ 15.012,89€ 18,640,66 € 53.190€ 34.549.34€ 138,00€ u31134€" 6.862,27 € 27.449,07€ 27.687,07€
9 1879,29€ 1287,20€ 461,69 € 3.628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 182002€ 15.012,49¢€ 18.640,66 € 53.190¢€ 3454934 € 20825€ 3341,09€ " 6.868,22€ 241281€ 27681,12€
10 1879,29€ 1.287,20€ 461,69€ 3628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 1820,02€ 15.012,49€ 18.640,66 € 53.190€ 3454934 € 17850€ 337084 € " 6.874,17€ 27.496,67 € 2761517¢€
11 1879.29€ 1281.0€ 461,69€ 3628,17€ 127656 € 233741€ 1.182,00€ 8396,50€ 1820,02€ 15.012,89€ 18,640,66 € 53.190€ 34.549.34€ 14875€ 3440059 ¢€ " 6.880,12€ 21.52047€ 2766922 €
12 1879,29€ 1287,20€ 461,69 € 3.628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 182002€ 15.012,49¢€ 18.640,66 € 53.190¢€ 3454934 € 119,00€ 3443034 € " 6.886,07 € 2154427 € 2766327 €
13 1879,29€ 1.287,20€ 461,69€ 3628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 1820,02€ 15.012,49€ 18.640,66 € 53.190€ 3454934 € 89,5€ 34.460,00€ " 6.892,02€ 2156807 € 2765132€
14 1879,29€ 1.287,20€ 461,69€ 3628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 1820,02€ 15.012,49€ 18.640,66 € 53.190€ 3454934 € 59,50€ 3048984 " 6.89797€ 2159187 € 2765137€
15 1879,29€ 1.287,20€ 461,69 € 3.628,17€ 127656 € 233741¢€ 1182,00€ 8396,50€ 1820,02€ 15.012,49¢€ 18.640,66 € 53.190¢€ 3454934 € 29,75¢€ 351959¢€ " 690392€ 2161567€ 2764542 €
NPVH 205.567,96€
Cash Flow Streams for NPV Calculation — Reference 0
Reference 0 all other Operational Costs
Annual Operational Spraying Costs Op::::ng All Other Operating Costs Other labor OTHERPPPS W Olr;::peratml ALLO;E::;IONAL Revenues Depreciation TAX (20%) NOCE
Years PPPs. Labor diesel Costs of Spraying electricity otherdiesel  mineral fertilisers

0 4.25000€ 4.250,00€ 4.25000€
1.978,25€ 1.287,20€ 461,69€ 3.727,14€ 1.276,56 € 233741¢€ 1.182,00€ 8.396,50€ 210414 € 15.296,60 € 19.023,74 € 53190 € 34.166,26 € 371,88€ 33.794,38 € r 6.758,88 € 27.03550 € 27.407,38 €

2 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € 347,08 € 33.81917¢€ [ 6.763,83 € 2705534 € 27.402,42€
3 1.978,25€ 1.287,20€ 461,69€ 3.727,14€ 1.276,56 € 233741¢€ 1.182,00€ 8.396,50€ 210414 € 15.296,60 € 19.023,74 € 53190 € 34.166,26 € 32,9¢€ 33.843,96 € : 6.768,79 € 27.07517€ 2739746 €
4 1.978,25€ 1.287,20€ 461,69€ 3.727,14€ 1.276,56 € 233741¢€ 1.182,00€ 8.396,50€ 210414 € 15.296,60 € 19.023,74 € 53190 € 34.166,26 € 297,50€ 33.868,76 € 6.773,75€ 27.095,00 € 27392,50€
5 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € mne 33.89355€ [ 6.778,71€ 2711484 € 27.38755€
6 1.978,25€ 1.287,20€ 461,69€ 3.727,14€ 1.276,56 € 233741¢€ 1.182,00€ 8.396,50€ 210414 € 15.296,60 € 19.023,74 € 53190 € 34.166,26 € 24792€ 3391834 € i 6.783,67 € 27.134,67€ 2738259 €
7 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € 23,13€ 3394313 € [ 6.788,63 € 27.154,50 € 2137763€
8 1.978,25€ 1.287,20€ 461,69€ 3.727,14€ 1.276,56 € 233741¢€ 1.182,00€ 8.396,50€ 210414 € 15.296,60 € 19.023,74 € 53190 € 34.166,26 € 19833 € 33.967,92 € i 6.793,58 € 2717434 € 2737267 €
9 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € 17354 € 33.992,71€ [ 6.798,54 € 2719417 € 27.367,71€
10 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74 € 53.190€ 34.166,26 € 148,75 € 34.01751€ [ 6.803,50 € 27.21400€ 27.362,75€
1 1978,25€ 1287,20€ 461,69€ 3M7,14¢€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € 12396 € 34.042,30€ f 6.808,46 € 27.23384€ 27.357,80€
12 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € 9917¢€ 34.067,09 € [ 6.81342€ 27.293,67€ 27.352,84€
13 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € 74,38€ 34.091,83 € f 6.81838 € 27.273,50€ 27.347,88€
14 197825 € 1287,20€ 461,69€ 3727,14€ 1.276,56 € 2337,41€ 1.182,00€ 8.396,50€ 2.104,14€ 15.296,60 € 19.023,74€ 53.190€ 34.166,26 € 4958¢€ 34.116,67 € f 6.82333¢€ 2729334 € 27.34292€
15 197825€  1287,20€ 461,69€ 3727,14€ 127656 € 233741¢€ 1182,00€ 8.396,50€ 2104,14 € 15.296,60 € 19.023,74 € 53.190€ 316626€  24,79€ uL1d6€ 6.828,29€ 231317€ 2733196 €
NVPO 20401362 €

97



Cash Flow Streams for NPV Calculation — Reference 1

Reference 1

all other Operational Costs

e s e OpTe:::ng PR ) Otherlabor  OTHER PPPS b mrz::rn(:pmﬁns - OZZZ:;IOML Dpedel TAX (20%) NOGE
Years Labor diesel Costs of Spraying electricity other diesel mineral fertilisers
0 6584,10€ 5.584,10€ 658410 €
1 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,7€ 53.190€ 166266 STILE BswisE 67B0C 6872,12€ 27.40823 €
2 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,7€ 53.190€ U16626€  53,70€ Bemse 6asILC 26.902,84 € 27,4055 €
3 197825€  1287,20€ 61,69 € 3727,14€ 127656 € 23371 € 1182,00€ 8.39,50€ 210414 € 15.296,60 € 19.023,74¢€ 53.190¢€ J16626€  499,29€ BEEBE  6I3IE 2693357 € 27.432,86 €
4 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,7€ 53.190€ 3166266 460B9E BisIFe 6ML07C 26.964,30 € 27.42518¢€
5 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 3166266 42,48¢€ Bsse 6eI6C 26.995,02 € 2741750 €
6 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 3166266 38407¢€ BEse 6rs6Hc 277.005,75 € 2740982 €
7 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 166266 S67€ Bawsse 6r1C 27.056,47€ 2740214 €
197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 3016626€  307,26€ Be90e 671L80€ 27.087,20€ 2739446 €
9 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 30166266 26885¢€ Bemate 6msgse 7117,92€ 2738678 €
10 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 3166266 23044€ Bassie 67I6C 27.148.65 € 27379,09€
11 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 3166266 192,04€ Bewne ermusc 7717938 € 273741 €
12 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 3166266 15363¢€ wonee 6anS3C 77.21010€ 2736373 €
13 197825€  1287,20€ 461,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,74€ 53.190€ 3166266 115226 wosioe 6sw021c 7720083 € 27.356,05 €
14 197825€  1287,20€ 61,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,7€ 53.190€ 166266 T681E womare 6818¢ 727155 € 2730837 €
15 197825€  1287,20€ 61,69 € 3727,14€ 127656 € 233701 € 1182,00€ 8.396,50 € 210414 € 15.296,60 € 19.023,7€ 53.190€ 166266 3BALE uirgse eansTe 7730228€ 2730069 €
NPV 1 20188087 €
Cash Flow Streams for NPV Calculation — Reference 2
Relerence2 alother Opeatosl Csts

Annuzl Operational Soraying Costs :::ern::::: All Other Operating Costs ahelaer — u;:::::‘:m = D';I;?om ALLHEISA;DML T (%) X (0] NOC NOC

- oy | decricty  otherdiesl  minens frlers 100% » 1005 %
0 SLO0ME  1000000¢ sL000ME SL00000€ - SL0000€
1 1985 LSBEE T4%E H159¢ sooe|  103s0E 95DE 127656¢ 133741€ LIE0¢ §3%50€ MME  BMEHE  BENINE  BBUDE SBI0€  USONE  MESHE  SILE WEBAE  DMTE 4365686 GMBSEE  LARTE  UIMDE BIBDE B36TE
2 1985 LSBEE T4%E H159¢ sooe|  103s0E 95DE 127656¢ 133741€ LIE0¢ §3%50€ MME  BMEHE  BENINE  BBUDE SBI0E  USNNE  MESHE  SBE NMBE  NEBELE LMIESE ASMME LTBE  BBRRE  BOWSE BANSE
3 1985 LSEBEE T4%E H189¢ s000¢|  103s0¢ 9580€ 127656¢ 138741€ LI200¢ §3%50€ MMME BMEHE  BENNE  BBAME SBI0E  USNNE DESHE ASUBE WSNIE  BOUME USIB0IE SMASE WBOMMSE  IBABSSE  BOREE B5A3E
4 1LImX5E 158387€ 141256 € 46169€ 50000€ 1035250€ 253812 1276,56€ 133741€ L1R200€ 83%650¢€ 1044€ 1529,60€ BESI0E BBane 53.190€ 7540%0€ 2795538 € 45000€ pricyk 13 B3BRE 459418¢ 457106 € 18312 1870822 € 96,7 € BIMNE
5 LIBXEE 158387€ T41256€ 461,69€ 50000€ 1035250€ 953812¢ 1276,56€ L33741€ LIR200€ B3%50€ 1044€ 1529,60€ BSI0E BBne 53.190€ N540%€ 195518 418917€ BBLBE B66,11€ 462035€ AT3NE 18681,38€ 190289€ 0ENS5€ BALSE
] 1ImxEE 158387€ T42%¢€ 461,69€ S0000€ 1035230€ 953812¢ 1276,56€ 133741€ LIR200€ B3%30€ 1044€ 15296,60€ BEASI0E BBane 53.190€ 0580%€ 9518€ IMBE BILSEE WI434€ AMES1€ 48839€ 18986,05€ 1931755€ NB3BE BABE
7 19856 LSBT T40%E H159¢ sooe|  13Ims0E 958DE 127656¢ 133741€ LI00¢ 83%50€ MMME  BMEHE  BESNE  BBADE SBI0E  USNNE MESHE  ANSE WIUME  USITBE UgEsE AUSSEE BDOME  BENDE  RIBDE BUITE
8 LImxEE 158387€ TH2%E 461,69¢€ S0000€ 1035230€ 29381¢ 1276,56€ 133741€ LIRNE B3%30€ 10414€ 1529,60€ BESI0E B 53.190€ 0340%€ 9518€ 304667 € WAUDBE 2490861 € 4B98E5€ 498L2€ 19.58538€ 1992689€ LB405€ 0INBSSE
9 pL Vi1 158387€ TH2%E 461,69¢€ 0000€ 1035230€ 29381¢ 1276,56€ 133741€ LIRNE 83%30€ 1041€ 1529,60€ BESI0E B 53.190€ 0340%€ 9518€ 266583 € WETS06€ BIME 497501€ S05789€ 1950005 € W.B155€ 156588€ 0BIBE
0 LImxEE 158387€ T42%¢E 46169€ S0000€ 1035250€ 953812¢ 1276,56€ 133741€ LIRNE 83%30€ L10414€ B2660€ BASI0E BB 53.190€ 0340%€ 19528€ 28500€ BAB5NE BAN28E S05L18€ S13406€ 020472 05361 € LABNE pri bl
1 LImxEE 158387€ T42%¢E 46169€ S0000€ 1035250€ 953812¢ 1276,56€ 133741€ LIRNE 83%30€ L10414€ B2660€ BASI0E BB 53.190€ 0340%€ 19528€ 190417€ BaRBE BOLIE S1035€ S202€ 2050938 € WB0HE LA1355E L505€
1 L€ 158387€ T4L%E 46169¢€ S0000€ 1035250€ 9533812¢ 1276,56€ L3741 L1R200€ B3%0E L1 14€ 15.29%,60€ BASI0E B 53.190€ 1N5409€ 9528€ 158333¢€ 26017,56€ BALME S351€ 58533 € 0B140E 2L4555€ 0338E 1256889 €
3 19m5¢ 156387€ T41236€ 6169€ S0000€ 1035250€ 993812¢€ 127656 € 133741€ LIB200€ 83%30€ 1104 14€ 15296,60€ BHs10€ BIATE 53.190€ T5090€ N358€ 11250€ H3BAE HB12MBE 51168 € 5362,56€ nunE n4500€ nMwNE nsane
1 19856 IEETE 1% H169€ 0€ 10352506 95312¢ 127656€ 133741€ L18200€ 839550€ 210414€ 1296606 BHYI0E BN 53180¢ 15090€ NESBE  TLEIE BIMBE  MIELE SISESE  SMMME  ABBE NT4ME DISIE 05165¢
15 19856 IEETE 1% H169€ 0€ 10352506 95312¢ 127656€ 133741€ L18200€ 839550€ 210414€ 1296606 BHYI0E BN 53180¢ 15090€ NESBE MEE NIME  WSMME SENPIE SS4MIE TBOSE  IMS9SSE MANBERE N sE
M2 1221430€ 14735,75€
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Cash Flow Streams for NPV Calculation — Reference 3

Reference 3 all other Operational Costs
Investment ' ) Total ’ _ ALLOPERATIONAL st
s Annual Operational Spraying Costs Opasiig All Other Operating Costs Other Labor OTHER PPPS Total Otr:; Ospemmg ST — Depreciation TAK 20%) o
Years EDS DSS PPPs (&Bio) Labor diesel Costsof Spraying electricity other diesel  mineral fertilisers
0 6.584,10€ - - 6.584,10€ - 6.584,10€
1 279230€ 1287,20€ 161,69€ 450118 € 127656 € 233741€ 1.182,00€ 8.396,50€ 205343 € 1524589 € 19.787,08€ 53.190€ 3340292 € 576,11€ 3282681 € : 6.565,36 € 26.261,45€ 2683756 €
2 2792,30¢€ 1.281,0€ 461,69€ 4501,18€ 1.27656€ 2331414 1182,00€ 8396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 537,10€ 32.865,22 € 6.573,04€ 26.292,18¢€ 1682988 €
3 279230€ 1287,20€ 461,69€ 454118€ 127656 € 233741€ 1.182,00€ 8.396,50€ 205343 € 1524589 € 19.787,08€ 53.190€ 3340291 € 499,29€ 32.903,63 € r 6.580,73 € 26.322,90€ 26.822,20€
4 2792,30¢€ 1.281,0€ 461,69€ 4501,18€ 1.27656€ 2331414 1182,00€ 8396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 46089€ n900¢" 6.58841€ 2635363 € 1681451€
5 279230€ 1287,20€ 461,69€ 454118€ 127656 € 233741€ 1.182,00€ 8.396,50€ 205343 € 1524589 € 19.787,08€ 53.190€ 3340291 € 42248€ 32.980,44 € r 6.596,09 € 26.38435€ 26.806,83 €
6 2192,30€ 1.281,0€ 461,69€ 4501,18€ 1.27656€ 2331414 1182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 384,07€ 3B0185¢" 6.603,77 € 26415,08¢€ 16799,15€
7 279230€ 1287,20€ 461,69€ 454118€ 127656 € 233741€ 1.182,00€ 8.396,50€ 205343 € 1524589 € 19.787,08€ 53.190€ 3340291 € 345,67 € 33057,26 € r 6.611,45€ 26.445,80€ 26.79147€
8 2192,30€ 1.281,0€ 461,69€ 4501,18€ 1.27656€ 2331414 1182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 307,6€ 33.0%5,66¢ " 661913 € 2647653 € 16.783,79€
9 2792,30€ 1287,20€ 461,69€ 4541,18€ 127656 € 233741€ 1.182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340291 € 268,85 € 33.134,07€ r 6.62681 € 26.507,26€ 26.776,11 €
10 2192,30€ 1.281,0€ 461,69€ 4501,18€ 1.27656€ 2331414 1182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € B0,44€ Bange” 6.63450€ 26537,98¢€ 1676843 €
1 2792,30€ 1287,20€ 461,69€ 4541,18€ 127656 € 233741€ 1.182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340291 € 192,04€ 3321088 € r 6.642,18 € 26.568,71€ 26.760,74 €
1 2192,30€ 1.281,0€ 461,69€ 4501,18€ 1.27656€ 2331414 1182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 153,63€ Bu929¢" 6.649,86 € 2659943 € 6.753,06€
13 2792,30¢€ 1.287,20€ 461,69¢€ 450118€ 1.27656€ 2337414 1182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 115,22€ 13287,70¢ " 6.65754€ 26630,16€ 1674538 €
U] 2192,30€ 1.281,0€ 461,69€ 4501,18€ 1.27656€ 2331414 1182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 1681€ BawIe" 6.665,22 € 26,660,88 € 16731,70€
15 2792,30¢€ 1.287,20€ 461,69¢€ 450118€ 1.27656€ 2337414 1182,00€ 8.396,50€ 205343 € 15.245,89 € 19.787,08€ 53.190€ 3340292 € 3841€ B351€" 6.67290€ 26691,61€ 26.730,02€
NPV 197.236,08 €
Cash Flow Streams for NPV Calculation — Reference 4
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Cash Flow Streams for NPV Calculation — Reference 5
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Cost Structure of Spraying PPP- all References

Historical Data Ref Refl
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Ref 2 (100% of Ref 1) Ref 2 {79% of Ref 1) Ref 3
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Ref 4 {100% of Ref 1) Ref 4 {60% of Ref 1) Aed 4 [40% of Ref 1)

=
in

BEIPAAFEN WEDS WDSS "PFPa Wilabor Woenel WEDS Sch W D355 St WEPANYER wEDG mOGE sPPFr wighor wghgsed wERSRb w055 Sub SIPAAYIR S[OE sO3h =FPFy ®lsgor @ dipwl SEDSSub @ DS Suh

Ref 5 (1007% of Ref 3} Ref 5 [65% of Ref 3} Ref 5 [50% af Ref 3)
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Total Vineyard Cost Structure of all References

Historical " Ref 0™""
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Ref 2 (100% of Ref 1) Ref 2 (79% of Ref 1)
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Ref 4 (100% of Ref 1) Ref 4 (60% of Ref 1) Ref 4 (40% of Ref 1)
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