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a b s t r a c t

The Italian olive-growing sector has to face both the growing competition on the international olive oil
market and the shift of the common agricultural policy (CAP) from market and price policies towards
direct aids decoupled from production. In addition the olive growers, as other farmers, have to comply
with stricter obligations to manage their farms in sustainable ways (cross compliance). In this scenario
the sector needs new competitive strategies to address these new challenges. In this paper we assess if
innovative olive-growing models, like the high trees density orchards, are able to reduce production
costs without worsening environmental sustainability. Indeed the intensive olive systems produce
higher yields within a few years of planting and allow a higher level of mechanization (pruning and
harvesting) but they could generate higher environmental impacts. In this study we perform an envi-
ronmental and economic assessment of two olive-growing systems: the “High Density” (HDO) and the
“Super High Density” (SHDO). The analysis integrates the Life Cycle Assessment (LCA) and the Life Cycle
Costing (LCC) methods by using a common database. The environmental analysis carried out through
LCA has shown a better performance of the HDO system for all the impact categories, due to a lower use
of energy and chemical inputs and to higher olive yields. Also from an economic point of view the HDO
could be considered more convenient than the SHDO: in fact, despite the lower operating costs of the
latter due to the complete mechanization of pruning and harvesting operations, these costs are coun-
terbalanced by higher initial investment costs that the company has to face which are three times those
of the HDO system. The total result is that the Net Present Value is better for the HDO for each olive price
level. This result is mainly driven by lower plantation costs, longer production cycle, higher production of
olives and higher efficiency in the use of inputs which characterize the HDO model.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

In recent years the Italian olive-growing sector has had to face
deep changes in the economic and institutional framework. The
emerging scenario is characterized by the internationalization of
the olive oil market, increasingly dominated by the strategies of
multinational industrial bottling companies and those of modern
retailer firms that become the key players in the olive oil supply
chains. Nowadays the Italian olive farming sector is mainly
composed of small and medium-scale farms (the average farm size
is less than 1 Utilized Agricultural Area) and the traditional olive
orchards (with less than 200 trees/ha) still cover a high quota of
olive area, even in the most suitable olive-growing areas. The
productivity of traditional olive systems is relatively low as well as
the level of mechanization of the harvesting and pruning
lli).

All rights reserved.
operations. As a result the production costs at farm level are
significantly higher than in other producing countries, both in non-
EUMediterranean countrieswith higher availability of labor force at
lower salary as in the “new producing countries” (Argentina, Aus-
tralia, Chile, Mexico, New Zealand, South Africa and the United
States of America) with better structural conditions. On the insti-
tutional level the common agricultural policy of the EuropeanUnion
(EU) has shifted from market and price policies to income support
policies decoupled from production (Single Payment Scheme). This
policy change is accompanied by stricter obligations on farmers to
manage their farms in sustainableways that link direct payments to
farmers to their respect of environmental and other requirements
set at EU and national levels (cross-compliance).

A possible strategy to address this high competitive scenario
could be the renewal of olive groves through the adoption of
innovative olive-growing models able to reduce production costs
without worsening environmental sustainability.

The sustainability of food chains is a theme of great interest, if
we consider that the food sector represents one of the world’s

mailto:g.tassielli@dgm.uniba.it
www.sciencedirect.com/science/journal/09596526
http://www.elsevier.com/locate/jclepro
http://dx.doi.org/10.1016/j.jclepro.2011.11.004
http://dx.doi.org/10.1016/j.jclepro.2011.11.004
http://dx.doi.org/10.1016/j.jclepro.2011.11.004


B. De Gennaro et al. / Journal of Cleaner Production 28 (2012) 70e80 71
largest industrial sectors; in last years several studies on food Life
Cycle Assessment (LCA) have been published related to the whole
industrial production system, to single phases of the product chain
or to packaging systems (Williams and Wilkström, 2011). Many of
these studies put in evidence that in many cases the most polluting
phases of a food production system are the agricultural ones, often
burdening in most of the impact categories involved (Roy et al.,
2009). In a review study of LCA on some food products Roy et al.
conclude that the reviewed literatures indicate that agricultural
production is the hotspot in the life cycle of food products. This is
the case for bread (Braschkat et al., 2003), wine (Notarnicola et al.,
2003a), pasta (Bevilacqua et al., 2007; Notarnicola et al., 2004a),
cheese (Berlin, 2002), beer (Cordella et al., 2008; Hospido et al.,
2005; Koroneos et al., 2005), tomato ketchup (Andersson et al.,
1998) and so on. Literature regarding LCA in olive oil production
shows the same results (De Gennaro et al., 2005; Nicoletti et al.,
2001; Salomone, 2002; Salomone et al., 2010).

Therefore the research of innovations and environmental
improvements should be addressed above all in the agricultural
stage; hencedifferent studies reportbothapproaches to improve the
agriculture on the whole (Schmidt and Osterburg, 2010) and LCA of
single cultures or crops in order to find out options for improvement
as, for instance, in the case of wheat (Meisterling et al., 2009), rice
(Roy et al., 2005), sugar beet (Brentrup et al., 2001), tomato (Antón
et al., 2005), protected crops (Cellura et al., 2010).

However the innovations to be introduced in the agricultural
steps should also consider their economic feasibility. In this line of
study we can find different examples, also in the olive oil sector,
which consider both the economic and the environmental issues of
the agricultural productions assessed with different methodologies
(Notarnicola et al., 2003b, 2004b; Ruini et al., 2010; Torrellas et al.,
2010).

The present paper is in line with these studies with the aim of
carrying out a coherent economic and environmental assessment of
two innovative olive-growing systems.

In the last 30 years, several authors from Spain and Italy have
recommended the use of more intensive olive orchards, designed
for mechanical harvesting and associated with higher yields and
lower production costs (Fontanazza, 2000). There are essentially
two kind of intensive olive models: the “High Density” (with over
200 trees/ha) and the “Super High Density” (with over 1500 trees/
ha) (Tous et al., 2007). While the first model is largely widespread
in the traditional olive producing countries and in the new olive-
growing countries, the second one appeared in Catalonia at the
beginning of the 1990s and later it was introduced into other
Spanish regions (Aragon, Andalusia, etc.) and other olive producing
Table 1
Main features of two olive models.

Parameter HDO

Cultivar Coratina
Planting density (orchard layout) 400 trees/ha (6 m
Plants quality Grafted trees (ove
Training system Free vase and cent
Pruning Manual, annual
Irrigation system Drip irrigation and
Weed control Mechanical tillage
Disease control Conventional tech
Harvest method Vibrator with a co
Yield (FP) 11.0 t/ha
Fruit quality Normal size and o
Economic life: 48 years

� Young phase (YP)
� Growing production phase (GP)
� Full production phase (FP)

1ste2nd year (2 y
3rde8th year (6 y
9th�48th year (40

Number of productive cycles 1
countries (Tunisia, Morocco, California, Australia, Portugal, France,
Chile, Argentina, Italy, etc.). This olive model seems to be very
promising because it could guarantee high yields, within a few
years of planting, and full mechanization. Therefore the analyses so
far conducted in Italy regarding the super high density model are
based on experimental data collected in a few years and are mainly
focused on agronomic aspects and the cost reduction of harvesting,
neglecting the overall life cycle costs and the environmental
impacts.

In this paper we perform an integrated economic and environ-
mental assessment of the two innovative olive-growing models.
We apply the Life Cycle Assessment (LCA), according to the ISO
14040:2006 and 14044:2006 standards (ISO, 2006a, b), and the Life
Cycle Costing (LCC) (White et al., 1996) methods. The approach is
not streamlined (Nicoletti and Notarnicola, 1999) but it is from-
cradle-to-grave, covering the whole life cycle. The integration of
the two methods is based on the adoption of a common database.
This approach has the undoubted benefit of offering consistent and
fully comparable results between the examined systems (Settanni
et al., 2008).

2. The olive-growing systems

2.1. Assumptions and main features of two olive-growing models

In this analysis we considered two innovative olive-growing
models: the “High Density” (HDO) and the “Super High Density”
(SHDO) olive orchards. In both models, the selection of varieties is
fundamental to achieving the appropriate shape of the canopy in
order to obtain the maximum productivity and quality of oil and, of
course, adaptation for full mechanization (Fontanazza, 2000). The
first model, already tested and adopted in the Italian context, is
based on the exploitation of traditional cultivars. The second one is
based almost exclusively on few low vigor cultivars (Arbequina,
Arbosana, Koroneiki) compatible with the straddle harvesting
machines. This olive model, that still has little presence in Italy
(some hundreds hectares), requires special technical conditions
such as relatively flat land and irrigation.

To perform our analysis we build up the technical database
making some basic assumptions (Table 1) based on information
coming from the agronomic literature (Pastor et al., 2006;
Camposeo and Godini, 2009). The data were collected assuming
as reference area the northern zone of the province of Bari, in the
Apulia region, that is one of the most suitable Italian olive areas (De
Gennaro et al., 2010). The reference period of the analysis was set to
48 years, equal to the supposed economic life of the HDO and three
SHDO

Arbequina
� 4 m) 1667 trees/ha (4 m � 1.5 m)
r 80 cm) Rooted Cuttings (40e50 cm)
ral leader Central leader

Mechanical and manual, annual
fertilization Drip irrigation and fertilization
and herbicides Mechanical tillage and herbicides
nique Conventional technique
llecting umbrella Straddle harvester

9.0 t/ha
il content Smaller size but normal oil content

16 years
ears) 1ste2nd year (2 years)
ears) 3rde5th year (3 years)
years) 6th�16th year (11 years)

3



Table 3
Inputs and outputs of two olive models during the plantation activities.

Short description HDO SHDO

INPUTS
Fertilizers (t/ha) Nitrogen 2.00 2.00

Phosphorus 1.37 1.37
Potassium 2.00 2.00

Inputs of machineries (t/ha) Diesel fuel 0.58 0.75
Lube oil 0.07 0.09
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times that of the SHDO. The economic and environmental evalua-
tion are both based on a 1 ha olive orchard.

The next paragraphs describe the main cultivation techniques
used for each phase of the production cycle of each model.

2.1.1. Planting
The planting techniques of the two olive models differ mainly in

the aspects concerning the level of mechanisation of the implan-
tation of the small plants. The preliminary preparations of the soil
before planting are essentially the same, specifically:

- Deep ploughing and grinding of the stones that are brought to
the surface during the ploughing

- Organic fertilization (40 t/ha of manure) of all the surface and
phosphoric fertilization localized along the rows where plan-
tation will occur (0.8 t/ha of mineral superphosphate).
-Soil mixing and refining operations

In this case the hypothesis is that the organic fertilization is
made only at the time of the olive plantation and then once in HDO
and three times in SHDO. The standard technique requires that the
organic fertilizer is just associated with the operation of the
ploughing of the land which takes place in the process of implan-
tation. Normally the chemical fertilization is preferred during other
phases of plant growing and organic matter supply is limited to
landfill of pruning residues and vegetation resulting from the
temporary grass growth.

Following this soil preparation, the young trees are planted, the
supporting structure is set up together with the irrigation system.
These operations are carried out with one machine in the case of
the SHDO model. In the HDO model only the digging of the holes is
carried out via machine, whilst all other operations are carried out
manually. The materials used and their relative quantities differ
significantly for each olive model (Tables 2 and 3).

In the SHDOmodel, since the production cycle lasts 16 years, the
planting operations are repeated on the 17th and 33rd year. During
the planting sessions following the first cycle, it is assumed that
only the fertilisation/irrigation control unit is reused, whilst all
other materials are re-bought and the same operations are per-
formed as in the first planting session.

2.1.2. Cultivation phase or young phase (YP)
This phase lasts 2 years for both models and includes the

following cultivation operations performed every year:

- pruning
- weed control
- irrigation and fertilization operations
- chemical pest control.
Table 2
Materials used during planting activities (per hectare).

HDO SHDO

Plants 400 grafted trees
of Coratina (over 80 cm)

1667 rooted Cuttings
of Arbequina (40e50 cm)

Support
structure

400 zinc coated
poles þ plastic
string fasteners

1667 canes, 84 wooden
poles, 1667 shelter þ galvanised
steel wire and plastic
string fasteners

Irrigation
sytem

1600 m auto-compensating
drip tube, 100 m head tube,
1 fertilisation/irrigation
control unit

2500 m auto-compensating
drip tube, 100 m head tube,
1 fertilisation/irrigation
control unit
The only differences between the two models are the larger
volumes of water used for the irrigation and fertilization operations
and the doses of pesticides used for the pest control. During this
phase, in the case of the SHDO model, the cultivation is “forced” in
order to anticipate the beginning of production phase; this explains
the larger volumes of water used for irrigation. In a similar manner,
larger amounts of pesticides need to be used because of the larger
number of trees and their susceptibility to being attacked by
parasites.

The pruning during the cultivation phase is carried outmanually
by specialized workers. The aim of the pruning is to set the plants
up for the successive production phase. The wood produced by the
pruning operations differs for each model because of the different
plant density. This wood is left on the ground and is subsequently
chopped and mixed with the soil. Inventory data of this phase are
shown in Table 4.

2.1.3. Growing production phase (GP)
This phase lasts 6 years for the HDO model and 3 years for the

SHDO model. During this stage the production increases each year
until it reaches amaximum level. In the HDOmodel this production
level is thenmaintained in the successive phase, whilst in the SHDO
model, once the maximum level of production is reached, it
decreases in the next phase and stabilizes at a lower level.

As far as the cultivation techniques are concerned, there are
relevant differences in the execution of pruning and harvesting. For
the HDO model the pruning is carried out manually using pneu-
matic scissors. In the SHDO model hedging and topping are carried
out mechanically using a mowing bar mounted on a tractor, and
refining pruning operations are performed by hand. In both cases
the cut wood is moved in between the rows and is subsequently
chopped and mixed with the soil.

The harvesting of the olives is, in both models, carried out
mechanically with two different kinds of machines: a vibrator
machine with a reversed umbrella shaped collector and a straddle
harvester derived from grape gathering machines. These machines
operate discontinuously and continuously respectively on the row
of plants.
Table 4
Inputs and outputs of two olive models during the young phase (YP) (annual
average).

Short description HDO SHDO

INPUTS
Water (m3/ha) Water for irrigation 480.00 800.00
Fertilizers (t/ha) Nitrogen 0.04 0.04
Pesticides (kg/ha)

(as active principle)
Copper sulphate 2.00 2.50
Copper ion (Cuþþ) 2.00 2.50
Phosmet 0.94 1.41

Fuel for machineries (t/ha) Diesel fuel 0.19 0.19
Lube oil 0.02 0.02

OUTPUTS
Wood (t/ha) Pruning wood 0.20 1.50



Table 6
Inputs and outputs of two olivemodels during the full production phase (FP) (annual
average).

Short description HDO SHDO

INPUTS
Water (m3/ha) Water for irrigation 1980.00 2040.00
Fertilizers (t/ha) Nitrogen 0.23 0.22

Phosphorus 0.05 0.05
Potassium 0.10 0.10

Pesticides (kg/ha)
(as active principle)

Glyphosate 0.15 0.23
Glufosinate 0.15 0.23
Copper sulphate 3.00 4.50
Copper ion (Cuþþ) 6.00 9.00
Phosmet 2.82 4.23
Dimethoate 1.52 2.28
White paraffin oil 38.40 48.00

Fuel for machineries (t/ha) Diesel fuel 0.79 0.85
Lube oil 0.09 0.10

OUTPUTS
Olives (t/ha) Olives for oil production 11.00 9.00
Wood (t/ha) Pruning wood 4.00 5.00
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In the growing production phase the diesel fuel input is higher
for HDO than SHDO. This is because the harvesting by vibrator
machine with a reverse umbrella shaped collector requires more
execution time per hectare compared to the straddle harvester and
therefore greater fuel consumption. In the next stage, when fully
operational, due to the sharp increase in execution time of
mechanical pruning (hedging and topping) in SHDO, overall
consumption of fuel in this model exceeds that of HDO.

The other operations, such as irrigation, fertilization, plowing
and pest control are carried out in an analogous way. However in
the case of the SHDO model a larger number of fertilizer and
pesticide applications are necessary. Input and output data of this
phase are shown in Table 5.

2.1.4. Full production phase (FP)
This phase lasts 40 years for the HDOmodel and 11 years for the

SHDO model. During this period the olive production stabilises
respectively at an annual level of 11 t/ha and 9 t/ha. The lower
production of the SHDO model is due to the higher competition
between the trees on each row after the 6th year and also due to the
necessity of drastic pruning to control the size of the crown in order
to permit the mechanical harvesting. The cultivation operations are
the same as those of the preceding phases but with larger doses of
product (fertilisers, pesticides) and larger use of machinery
(Table 6).

2.1.5. Plant removal and disposal
At the end of the production cycle (48th year for the HDOmodel,

16th, 32nd and 48th year for the SHDO model), the plant removal
procedures are carried out together with the removal of the wood
that can be sold. The amount of wood obtained from the explan-
tation is 180 t/ha for the first model and 150 t/ha in the second
model (50t/ha for each plantation removal) as shown in Table 7.
HDO uses more machinery than SHDO for explantation activities
even having less trees/ha. So even if the removal takes place only
once in HDO, plants are larger than those of SHDO and therefore the
fuel consumption is higher.
3. LCA of the two systems

From the environmental point of view, goal of the LCA is to build
up the environmental profile of the two systems, in order to assess
them and to identify their hot spots. The functional unit chosen is 1
t olives in the reference period of 48 years; the analysis covers the
Table 5
Inputs and outputs of two olive models during the growing production phase (GP)
(annual average).

Short description HDO SHDO

INPUTS
Water (m3/ha) Water for irrigation 1200.00 1620.00
Fertilizers (t/ha) Nitrogen 0.13 0.21

Phosphorus 0.03 0.04
Potassium 0.05 0.09

Pesticides (kg/ha)
(as active principle)

Glyphosate 0.15 0.23
Glufosinate 0.15 0.23
Copper sulphate 2.50 3.00
Copper ion (Cuþþ) 2.50 3.00
Phosmet 1.18 1.76
Dimethoate 1.14 1.71
White paraffin oil 32.00 40.00

Fuel for machineries (t/ha) Diesel fuel 0.64 0.61
Lube oil 0.07 0.07

OUTPUTS
Olives (t/ha) Olives for oil production 6.14 10.00
Wood (t/ha) Pruning wood 0.80 2.50
life cycle phases, starting from the production of the inputs used in
the agricultural phase (fertilizers and pesticides) until the
production of olives; transformation, distribution and consumption
are not included because they are the same for systems. Capital
goods too have not been included. The background data to be
assigned to the inventory data are taken from the LCA databases
(most of them from Ecoinvent). In particular, data relative to the
inputs of machineries (diesel fuel and lube oil) are taken from this
database. For the production of fertilizers, data relative to the
production process of single superphosphate, potassium sulphate,
urea and phosphoric acid have been taken from Ecoinvent database
2.2 (Ecoinvent, 2010). For the production of pesticides, data relative
to the production process of glyphosate and white mineral oil have
been taken from Ecoinvent database 2.2; data for phosmet have
been associated to the production of organophosphorus
compounds taken from the same database. For dimethoate the
generic process “pesticide unspecified” has been used. For the other
pesticides (copper sulphate, copper ions and glufosinate) data have
been taken from Ulmann’s Encyclopedia of Industrial Chemistry
(Ulmann, 2000). No allocation has been made between olives and
pruning or explantationwood in line with the guidelines contained
in the Product Category Rules developed for the virgin olive oil and
its fractions under the International Environmental Product
Declaration system (EPD, 2010). The emissions of N2O, NH3, NO�

3 ,
due to the use of nitrogen fertilizers have been modeled respec-
tively following Houghton (IPCC, 2007), ECETOC (ECETOC, 1994)
and Brentrup (Brentrup et al., 2000) methodologies. The emissions
of pesticides during their use have been assessed following the
model developed by Hauschild (Hauschild, 2000). The inventory
results expressed in physical units have been assessed by the CML
2000 assessment method (Guinèe et al., 2002). The assessment
method terminates at the characterization, without going through
the normalization and weighting steps.
Table 7
Inputs and outputs of two olive models during the explantation activities.

Short description HDO SHDOa

INPUTS
Fuel for machineries (t/ha) Diesel fuel 0.70 0.69

Lube oil 0.08 0.08
OUTPUTS
Wood (t/ha) Explantation wood 180.00 150.00

a results referred to three explantation operations during the whole life cycle
period of 48 years.



Table 8
Inputs and outputs of two olive models during the reference period (48 years).

Short description HDO SHDO

INPUTS:
Water (m3/ha) Water for irrigation 87360.00 86700.00
Fertilizers (t/ha) Nitrogen 12.01 15.39

Phosphorus 3.45 6.08
Potassium 6.28 10.18

Pesticides (t/ha)
(as active principle)

Glyphosate 0.007 0.010
Glufosinate 0.007 0.010
Copper sulphate 0.139 0.191
Copper ion (Cuþþ) 0.259 0.339
Phosmet 0.122 0.164
Dimethoate 0.068 0.091
White paraffin oil 1.728 1.944

Fuel for machineries (t/ha) Diesel fuel 37.057 37.666
Lube oil 4.289 4.359

OUTPUTS:
Olives (t/ha) Olives for oil production 476.84 387.00
Wood (t/ha) Pruning wood 165.20 196.50

Explantation wood 180.00 150.00
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3.1. Olive models inventories

On the basis of data shown in the previous paragraphs we set up
the cultivation techniques for each phase of the two olive models,
fromwhich we derive the inputs and outputs matrix for the entire
reference period (Table 8). In Fig. 1 the flow chart of the two
systems is shown per functional unit.

3.2. Impact assessment

In Fig. 2 the results derived from the characterization phase of
the two systems are shown. The characterization results of the two
systems per functional unit are shown in Table 9. It can be easily
seen that the HDO system scores better than the SHDO one in all
the environmental impact categories with a percentage ranging
from 21% to 37%. The full production phase represents the major
impact for both systems (more than 75% of the whole impact in all
the impact categories in HDO, between 50% and 75% in SHDO). As
an example, in Fig. 3 the characterization of the full production
phase of HDO system is shown, shared between fuels and lubri-
cants for the agricultural operations, fertilizers and pesticides. It
can be noted that, as expected and in line with other LCA of agri-
culture products, fuels impact more on the categories linked to the
energy supply and use (ADP, GWP, ODP, HTP); fertilizers impact
HDO

Olives
1 t

Diesel fuel
77.7 kg

Fertilizers
45.6 kg

Pesticides
4.9 kg

Water
183.2 m3

Lubricants
9.0 kg

Fig. 1. Flow chart of the two s
more on AP and NP due to the emissions of nitrogen and phos-
phorus compounds; pesticides impact more on the toxicity cate-
gories (FAETP, MAETP, HTP) and on POCP; TETP is shared in almost
the same way between the three items. Performing the uncertainty
analysis, the low values of the coefficients of variation (CV) for most
of the impact categories with the exception of HTP for both the
systems can be noted (Table 9). The better environmental perfor-
mance of HDO system than SHDO is mainly due to a lower energy
use, as shown in Table 10. In Table 10 the primary energy
consumption of the two systems is shown per functional unit. As
expected, the largest energy consumption occurs in the full
production phase for both systems with percentages of 87.4 and
75.1 respectively for HDO and SHDO. Unlike the HDO system, SHDO
shows higher consumption rates in the stages of planting, young
phase and growing production phase; this is also due to the
different duration of individual phases and the intensities of the
different operations that are performed.

4. Economic analysis of the two systems

To assess the economic profile of the two analyzed olive models
we applied the Life Cycle Costing methodology. The criteria utilized
in the present study to compare the alternative investments are:
the Net Present Value (NPV) and the Internal Rate of Return (IRR).

4.1. Life cycle costing

The economic counterpart of LCA is generally addressed as
Environmental Life Cycle Costing (LCC). It is of increasing concern
for LCA practitioners and it has been discussed widely since the
mid-90s (Hunkeler et al., 2008; Huppes et al., 2004; Günter et al.,
2008). Just like LCA, LCC may concern also food products. Yet, the
literature provides only a few applications of LCC to nondurable
products, in general. As for food products, in particular, the
approaches adopted vary significantly within the available LCC
studies (Settanni et al., 2011).

A model of LCC based on Input-Output Analysis (IOA) is
consistent with LCA, sharing a similar computational structure
(Settanni et al., 2010). In the present study such a model is applied
in order to represent accurately the technology and operations of
the systems under study. Not only this provides the physical
information necessary to build part of the Life Cycle Inventory (LCI);
it also turns into cost flows the physical flows associated to any
production choice, actual or prospective, made by the firm’s
management, thus providing real support for decision making.
SHDO

Olives
1 t

Diesel fuel
97.3 kg

Fertilizers
81.8 kg

Pesticides
7.1 kg

Water
224.0 m3

Lubricants
11.3 kg

ystem per functional unit.
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Fig. 2. Characterization of the two systems.
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The analysis was based on the following assumptions:

- the discount rate (r) was set equal to 2%;
- the costs were assessed considering the current hourly wage of
workers for the manual operations and current tariffs charged
by agricultural service providers for the mechanical
operations;

- the annual total revenues include the revenue from selling the
olive production, but exclude the CAP direct aids;

- the olives revenues were calculated considering the same
olives price for both the models that was initially set equal to
the price observed on the marketplace of Bari (Italy) during the
last harvesting campaign (350 V/t) (ISMEA, 2010).

The first step of the analysis was to estimate the initial invest-
ment (plantation costs) and the flows of operating costs and
revenues of the two models over the entire reference period.

The initial investment is higher in the SHDO, reflecting the
higher costs for planting and for the irrigation system installation,
despite the lower cost of plants (Table 11).

Tables 12 and 13 respectively show the operating costs and
revenues in each stage of the life cycle and the operating costs in
the full production phase. The operating costs are heavily influ-
enced by the degree of mechanization of the olive orchard. In fact,
despite the higher use of inputs (water, fertilizers and pesticides),
the SHDO shows lower operating costs respect to the HDO in
almost all production phases (excluded the young phase) due to
lower costs of pruning and harvesting operations.
Table 9
Characterization results of the two systems per functional unit (FU ¼ 1 t olives) and rela

Characterization results

Impact category Unit HDO

Abiotic depletion kg Sb eq 4.4
Acidification kg SO2 eq 8.2
Eutrophication kg PO4— eq 4.2
Global warming (GWP100) kg CO2 eq 542.2
Ozone layer depletion kg CFC-11 eq 0.00008
Human toxicity kg 1,4-DB eq 484.7
Fresh water aquatic ecotoxicity kg 1,4-DB eq 78.0
Marine aquatic ecotoxicity kg 1,4-DB eq 199024
Terrestrial ecotoxicity kg 1,4-DB eq 3.7
Photochemical oxidation kg C2H4 0.7
By considering the indicated costs without applying discount
rates, the average cost of life cycle results 446V/t olives for the HDO
system and 486 V/t for the SHDO. In Table 14 the distribution of
costs and revenues of the two systems shared between the various
phases of the life cycle is shown. It can be noted that the charge of
planting operations is higher in the SHDO than the HDO and, on the
contrary, there is a lower charge in the full production phase; this is
due to higher initial investment costs that the company has to
charge, three times that of the HDO system, while the lower
operating costs due to the complete mechanization of pruning and
harvesting operations determine a better economic performance in
the full production phase.

In order to make a non-deterministic analysis, uncertainty has
been assigned to the main technical-economical parameters of the
two systems. In absence of historical data, the uncertainty has been
modeled as triangularly-shaped distributions. A numerical simu-
lation (Monte Carlo Method) has been performed by means of
Oracle Crystal Ball. As a result, the deterministic revenues and costs
of the production phases shown in Tables 11e13 are turned into
calculated probability distributions. First of all, by executing ten
times the Monte Carlo simulation, the average cost of life cycle
varies for the HDO from 444 to 448 V/t with a coefficient of vari-
ation from 9.02% to 9.55%; for the SHDO it varies from 483 to 487
V/t with a CV from 7.53% to 8.13%. This implies that the average cost
results obtained are stable enough.

Figs. 4 and 5 point out the probability distribution of revenues
minus costs respectively for the HDO and SHDO systems obtained
from one of the various simulations; revenues do not include the
tive coefficients of variation (CV).

Coefficients of variation (CV)

SHDO Unit HDO SHDO

5.6 % 4.6 2.3
12.3 % 5.1 3.3
6.7 % 3.9 1.5
707.1 % 5.7 3.3
0.00010 % 4.1 1.2
664.7 % 18.9 16.9
114.5 % 3.8 0.4
281204 % 3.7 0.4
5.1 % 6.3 4.4
0.9 % 3.8 1.0
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Fig. 3. Characterization of the full production phase in the HDO system.

Table 11
Plantation costs (V/ha).

Cost items HDO SHDO

Soil preparation 1430.00 1430.00
Pre-planting fertilization 1911.00 1911.00
Plants 2600.00 2500.50
Plants support system 600.00 1198.49
Trees plantation and support system installation 381.10 1543.35
Drip irrigation system 3550.00 4000.00
Total plantation costs 10472.10 12583.34

Table 12
Operating costs and revenues in each stage of the life cycle (V/ha*year).
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subsidies of common agricultural policy. As can be noted in general,
this difference is negative; the probability of making a profit is 2.7%
in the HDO and 0.4% in the SHDO; the average losses is 95 V/t for
HDO and 135 V/t for the SHDO. By executing ten times the Monte
Carlo simulation in this case too, the average difference between
revenues and costs varies for the HDO from 93.0 to 97.7 V/t with
a coefficient of variation from 54.9% to 58.6%; for the SHDO it varies
from 135 to 137 V/t with a CV from 36.8% to 38.5%. These results
show a higher uncertainty when considering the difference of
revenues minus costs. By using different colors in the histogram,
the two figures also show that the probability of getting a loss of
less than 100 V/t is higher in the HDO (51.6%) than in the SHDO
(25.2%).
HDO SHDO

Operating
costs

Revenues Operating
costs

Revenues

Young phase 1014.05 0.00 1025.95 0.00
Growing production phase 3075.75 2149.00 2785.31 3500.00
Full production phase 4485.70 3850.00 3543.55 3150.00
4.2. Cash flow analysis

The second step of the economic analysis was the computation
of annual net cash flow and of economic profitability through the
Table 10
Primary energy of the two systems per functional unit (FU ¼ 1 t olives).

HDO SHDO

MJ eq. % MJ eq. %

Planting 160.7 1.6% 678.4 5.4%
- Fuels and lubricants
- Fertilizers

78.0 0.8% 372.4 3.0%
82.7 0.8% 306.0 2.4%

Young phase 90.2 0.9% 349.6 2.8%
- Fuels and lubricants
- Fertilizers
- Pesticides

50.3 0.5% 185.7 1.5%
24.5 0.2% 90.4 0.7%
15.4 0.2% 73.5 0.6%

Growing production phase 901.0 9.1% 1988.8 15.8%
- Fuels and lubricants
- Fertilizers
- Pesticides

520.8 5.3% 907.0 7.2%
275.4 2.8% 833.3 6.6%
104.8 1.0% 248.5 2.0%

Full production phase 8612.6 87.4% 9468.2 75.1%
- Fuels and lubricants
- Fertilizers
- Pesticides

4251.0 43.1% 4672.0 37.0%
3324.0 33.7% 3286.0 26.1%
1037.6 10.6% 1510.2 12.0%

Explantation 94.4 1.0% 116.3 0.9%
- Fuels and lubricants 94.4 1.0% 116.3 0.9%

Total 9858.9 100.0% 12601.3 100.0%

Total of Fuels and lubricants 4994.5 50.7% 6253.4 49.6%
Total of Fertilizers 3706.6 37.6% 4515.7 35.8%
Total of Pesticides 1157.8 11.7% 1832.2 14.6%



Table 13
Operating costs in the full production phase (V/ha*year).

Cultivation operations HDO SHDO

V/ha V/ha

Soil tillage 250.00 250.00
Fertilization 621.54 617.52
Irrigation 339.96 348.96
Weed and diseases control 1251.13 1454.15
Pruning 877.50 406.25
Harvesting 1145.58 466.67
Total operating costs 4485.70 3543.55

Table 14
Distribution of costs and revenues of the two systems in the various phases of the
life cycle (in %).

HDO SHDO

Costs Revenues Costs Revenues

Planting 4.9 e 20.1 e

Young phase 1.0 e 3.3 e

Growing production phase 8.7 7.7 13.3 23.3
Full production phase 84.4 92.3 62.2 76.7
Explantation 1.0 e 1.1 e
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Net Present Value (NPV) and the Internal Rate of Return (IRR). At
the current olive price (350 V/t) both olive models show negative
NPV, equal to �32,249.48 V for the HDO and to �34,622.54 V for
the SDHO. This means that for both models there is not economic
profitability to invest without a public economic support.

As a final step we calculated the NPV and IRR as functions of the
selling price of olives (Figs. 6 and 7). As for the first criterion the
HDO shows a better performance than the SHDO for each price
level (Fig. 6). The IRR criterion is rather better for the HDO up to
a certain price level (approximately 580 V/t), above which the
performance of SHDO exceeds that of HDO (Fig. 7). The economic
analysis shows the investment in innovative systems is not
Fig. 4. Probability distribution of revenu
economically convenient at the current market conditions (olives
price equal to 350 V/t). Assuming a discount rate of 2%, the olives
price must grow up to 461 V/t for the HDO and to 493 V/t for the
SHDO to obtain a positive NPV.
5. Results and discussion

The analysis has shown the environmental and the economic
profile of two innovative olive-growing models, the High Density
and the Super High Density olive orchards, during their life cycle.
The environmental analysis carried out through LCA has shown
a better performance of the HDO system for all the impact cate-
gories, due to a lower use of energy and chemical inputs and to
higher olive yields. This result keeps validity even if a sensitivity
analysis is carried outmodifying the olive yields of the two systems.
Also from an economic point of view the HDO could be considered
more convenient than the SHDO: in fact, despite the lower oper-
ating costs of the latter due to the complete mechanization of
pruning and harvesting operations, these costs are counter-
balanced by higher initial investment costs that the company has to
face which are three times that of the HDO system. The total result
is that the Net Present Value is better for the HDO for each olive
price level. This study shows that, when innovative systems are
compared, the analysis must consider the whole life cycle, because,
by considering just the advantages offered by a single phase could
lead to misleading results.

The two olive-growing models, HDO and SHDO, are based on
two different principles: in the SHDO model the development of
trees is conditioned to optimize the efficiency of machinery while
in the HDO model the machineries are adapted to the natural
habit of the plant. At the present state of knowledge this differ-
ence affects the choice of the suitable cultivars, the physical
productivity of the crop (total production obtained during the
reference period), the productivity of inputs and the duration of
the crop cycle.

The LCC analysis has shown, in fact, that the HDO model has
a better performance (NPV and IRR) than the SHDO model. This
result is mainly driven by lower plantation costs, longer production
es minus costs for the HDO system.



Fig. 5. Probability distribution of revenues minus costs for the SHDO system.
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cycle, higher production of olives and higher efficiency in the use of
inputs which characterize the HDO model.

The SHDO model presents lower economic performance than
the HDO model, despite the higher olives production during the
young and the growing production phases and the higher degree of
mechanization, which greatly reduces operating costs in all
production phases. Despite the worst economic performance, the
SHDO model has a greater flexibility due to its shorter production
cycle. This feature can be seen as strength of this model in a olives
market scenario characterized by high price uncertainty.
Fig. 6. Trends of the net present value (NPV) as a function of oliv
Finally the LCC results strictly depend on cultivation techniques
actually available (quantity of inputs and types of machinery used)
and on the assumption of invariance of the price system along the
reference period. Therefore the ongoing researches on the SHDO
model should lead to improvements in production techniques,
regarding the duration of the production cycle, lower installation
costs, increased efficiency of inputs (water, fertilizers and pesti-
cides). On the other side the research on the HDO model should
improve the efficiency of the machinery in order to reduce the
operating costs of this olive-growing system.
e price for the high density and super high density orchard.



Fig. 7. Trends of the Internal rate of Return (IRR) as a function of olive price for the high density and super high density orchard.
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6. Conclusions

This paper has addressed a specific issue in the olive oil sector
regarding the environmental and economical compatibility of two
olive-growing methods. Starting from the environmental impor-
tance of the agricultural phase in the food chains, two olive-
growing systems have been compared and the results indicate that
the most innovative system is characterized by a worse environ-
mental and economical profile. These results can be used in the
decision making process relative to technological innovation in the
olive oil sector, which is characterized by a growing competition.
The adoption of a common database and the integration of LCA and
LCC have permitted to obtain both environmental and economical
indicators, which represents an important result in food chains,
where often the environmental dimension is not linked to the
economical one. At the same time, in order to complete the vision
of the three pillars of sustainability in support of agricultural
policies, further research in this study should be made to include
also the social aspects. Moreover, according to the study of Curran
and Huisingh (2010), further research is needed in order to identify
possible solutions to some of the typical methodological problems
of Food LCA: the difficulties in the data collection in the agricultural
and zootechnical phases and the relative deficiences in databases,
the pesticides exposure and the relative pesticides and fertilizers
dispersion models, the impact categories of land use, water use,
loss of biodiversity and the soil function impairment. One of the
most significant problems in the LCA methodology for evaluating
environmental impacts of agricultural practices is that some of the
important environmental impacts cannot be assessed by the
current methodology. The indicators for soil quality and biodiver-
sity are just an example of this. In fact in the present study we
assumed that the organic matter coming from olive trees pruning is
grounded on the soil without getting a positive feedback on the
environmental parameters. At the same time we consider, for both
models, that the chemical fertilization is adjusted taking into
account the nutrients deriving from mineralization of pruning
residues. Therefore, there are no positive effects on soil organic
matter content at the end of the production cycle but the only
positive effect is on the physical characteristics of the soil, that are
not taken into account in the evaluation of environmental perfor-
mance. According to Reap et al., impact analysis on soil quality
remains one of the unresolved problems of agriculture LCA because
of its spatial and temporal variation and local uniqueness (Reap
et al., 2008). Further studies are needed in clarifying the relation-
ship between agricultural intensity and environmental impact, in
regionalizing characterization factors and in constructing of new
indicators regarding biodiversity, pesticide risks and the role of soil
in the reduction of atmospheric greenhouse gases by storing
(sequestering) carbon in the form of organic matter in the soil, as
recommended by McLaren et al. (McLaren et al., 2010). The data
quality remains still a crucial point, especially in Food LCA, where
the supply chains are global. At the same time, spatial data and
models are needed in order to take into account the different pedo-
climatic conditions. Moreovermore attention in databases has to be
put on site-specific emissions to atmosphere, water and soil of food
industrial plants. In this sense a higher integration of LCA with
specific plant management environmental systems is desirable.
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