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[1EIpAPATIKA (JCP 28:113, 2012)

e KoAokv0a Prodoyikn) 11 0AOKANpOUEVNS 1| NEYAAN
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* MmAe vepo (AlTpa ava KiAo KOAoKVOS) Yia
GpPOEVG Kol TAVGLUO TTPOLOVTOS (0L VIO TIS
VITOAOLTTES OLEPYAOLES EMC TOV KaTavarimTn!): 0.4
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AKZ opIoPOC

e Avaivon Kvkiov ZmNg evoc TPoiovTog, .. EVOG
UNA0V, ELVUL 1] GQULIPLKY] EEETUGT OAMV TMV
OPOGTIPLOTHTOV TOV GYETICOVTOL UE AVTO,
CEKIVOVTOS 07T TO TOGS YIVOVTUL TO EPOOLN VLA TNV
TOPUYOYN TOV (T.Y. TO OPVYELN VIO TIC TPOTES VAES
TOV MTUGUATOV) UEYPL TNV KOTUVAAMGT TOV, CAAJ
KO TOAD NETA pEYpL va EavAmOeL 10 néco
cvokevaciog Tov. Cradle to Grave.

* 'Etol éva mpoiov ma £Yel 10 TEPLPUALOVTIKO TOV
aToTUTONO. (smPapvven 6to wEPLPaAilov) ...




Baon avagopac

* To ISO 14040:2006 (ko1 Ta Tairotepo 14041,
14042, 14043) xor 10 PAS 2050 (2008), ISO 14064

* Yrnapyovv software (SimaPro) yiwa tov vroroyiouo
NG KGOg e€eroikevong




LCA EEEIAIKEYXEIY Avaivong Kvokiov Zomng

1 Abiotic Resource Depletion

This impact category indicator is related to extraction of scarce
minerals and fossil fuels. The Abiotic Depletion Factor (ADF) 1s
determined for each extraction of minerals and fossil fuels based on
the remaining reserves and rate of extraction. It 1s based on using the
equation, Production/(Ultimate Reserve)2 and comparing this to

the result for Antimony (Sb), which 1s used as the reference case.
The reference unit for abiotic depletion is therefore kg Sb
equivalent.

2 Acidification

Acidic gases such as sulphur dioxide (SO2) react with water in the
atmosphere to form ““acid rain”, which can cause ecosystem
impairment. Acidification Potential (AP) is expressed using the
reference unit, kg SO2 equivalent. The revised method only
accounts for acidification caused by SO2 and NOx.




3 Climate Change

Climate change 1s caused by the release of
“egreenhouse gases” such as carbon dioxide
(CO2). The characterisation model as based on
factors developed by the UN’s Intergovernmental

Panel on Climate Change (IPCC). Factors are
expressed as Global Warming Potential over the
time horizon of 100 years (GWP100), measured
in the reference unit, kg CO2 equivalent.




4/5 Ecotoxicity to Freshwater and Land

The emission of some substances can have impacts on ecosystemes.
Ecotoxicity Potentials are calculated with the USES-LCA6 which 1s
based on EUSES7, the EU’s toxicity model. This provides a method
for describing fate, exposure and the effects of toxic substances on the
environment. Characterisation factors are expressed using the
reference unit, kg 1,4-dichlorobenzene equivalents (1,4-DB)/kg
emission, and are measured separately for impacts of toxic substances
on: Fresh-water aguatic ecosystems or Terrestrial ecosystems

Characterisation factors are also available for marine ecotoxicity, and
ecotoxicity to marine and fresh water sediments. The sedimentary
ecotoxicity factors are not included within the CML baseline
characterisation factors and there are concerns within the LCA
community over the marine ecotoxicity category, with regard to the
impact of hydrogen fluoride and the normalisation figures. As a result
we do not propose to use these three categories.




6 Eutrophication

Nitrates and phosphates are essential for life but increased
concentrations in water can encourage excessive growth of algae,
reducing the oxygen within the water and damaging ecosystems.
Eutrophication potential 1s based on the work of Heijungs (1992), and
1s expressed using the reference unit, kg PO4 equivalents.

7 Human Toxicity

The emission of some substances can have impacts on human health.
Characterisation factors, expressed as Human Toxicity Potentials
(HTP), are calculated using USES-LCA, as with Ecotoxicity, which
describes fate, exposure and effects of toxic substances for an infinite
time horizon. For each toxic substance HTPs are expressed using the
reference unit, kg 1,4-dichlorobenzene (1,4-DB) equivalents.

Indoor air quality and its effect on human health 1s not covered by this
category.




8 Photochemical Ozone Creation (Summer Smog)

In atmospheres containing nitrogen oxides (NOx, a
common pollutant) and volatile organic compounds
(VOCs), ozone can be created in the presence of sunlight.
Although ozone is critical in the high atmosphere to
protect against ultraviolet (UV) light, at low level it 1s
implicated 1n impacts as diverse as crop damage and

increased incidence of asthma. Photochemical Ozone
Creation Potential (POCP, also known as summer smog)
for emission of substances to air 1s calculated with the
United Nations Economic Commission for Europe
(UNECE) trajectory model (including fate), and
expressed using the reference unit, kg ethene (C2H4)
equivalents/kg emission.




9 Stratospheric Ozone depletion

Damage to the ozone layer by chlorinated and
brominated chemicals increases the amount of harmful
UV light hitting the earth’s surface. The characterisation

model has been developed by the World Meteorological
Organisation (WMO) and defines ozone depletion
potential of different gases relative to the reference
substance chlorofluorocarbon-11 (CFC-11), expressed 1n
kg CFC-11 equivalent.




10 Solid Waste

The impact from emissions and infrastructure associated with waste
disposal, for example, the emissions associated with landfill,
incineration and composting. However, this will not cover other
environmental issues associated with landfilling such as dust, noise
and odour, and the loss of resource implied by the final disposal of
waste. We feel these 1ssues must be accounted for within the
Methodology. Other characterisation methodologies, for example the
Dutch Ecolndicator and the Swiss Ecopoints, use the mass of solid
waste as a category. Any waste that 1s finally disposed of in landfill
will be measured. Waste that 1s incinerated will not be included
within this category, but any resulting waste (eg ash) that needs to be
landfilled will be included. No differentiation will be made between
hazardous, inert or organic wastes, though different impacts from
these routes will be included within the waste treatment models
(landfill, incineration and composting) for these wastes.




11 Radioactivity

Radioactivity can cause serious damage to human health, and as yet,
no treatment or secure storage location exists for higher level
radioactive wastes, such as that generated by the nuclear power
industry and from decommissioning nuclear power stations. Such
wastes need to be stored for periods of up to 1,000 years before their
radioactivity reaches safe levels. The World Nuclear Association
states that higher level nuclear waste (high and intermediate level

waste) accounts for a very low percentage of nuclear waste, around
10% by volume, but 99% of its radioactivity.

Other characterisation methods, such as the Swiss Ecopoints, use the
volume of highly active radioactive waste as a category, measured in
m3 of spent fuel, high and intermediate level radioactive waste.




12 Minerals Extraction

Although the Abiotic Resource Depletion category covers mineral ores extracted from
the ground, minerals such as sand, limestone and granite are such widely available
resources that, even at the high current levels of extraction, there is not an issue of
scarcity of resource.

However, we feel that there are considerable environmental impacts associated with
minerals extraction not covered by the resource depletion issue. This view is shared
by the UK government, which has introduced an aggregates levy, which is a tax on
primary sand, gravel and rock that has been extracted from the ground and dredged
from the sea. We suggest this impact category to address the environmental damage
caused by these activities in the form of noise, dust and loss of biodiversity.

We, therefore, propose that, as with the existing Environmental Profiles Methodology,
an impact category for minerals extraction is included. This would be based on each
tonne of mineral extracted (including overburden) and would be a proxy for the noise,
dust and biodiversity impacts, and problems with subsidence and spoil associated
with quarrying and mining.

As the extraction of scarce minerals with abiotic resource depletion factors also
causes quarrying impacts, this minerals extraction impact will also apply to them but
this 1s not double counting as two distinct environmental impacts are being
considered.




13 Water extraction

Around the world, water 1s becoming an increasingly scarce

resource, due to increased demand, and changes in patterns of

rainfall. To recognise the value of water as a resource, and the

damage that over extraction from rivers and aquifers can cause, BRE

propose to refine their existing water extraction category.

The category would therefore include all water extraction, except:
Sea water

Water extracted for cooling or power generation and then
returned to the same source with no change 1n water quality (water
lost through evaporation would be included in the category)

Water stored in holding lakes on site for recirculation (top-up
water from other sources would be included)

Rainwater collected for storage on site
The category would be measured using m3 of water extracted.




ITwg vroroYilm OG0 apvnTIKO AmOTEAEGHO Oa. Ex® amd o EVEPYELQL:
TpurAéta: Aspect Impact Endpoint
Use of fertilizers — Pollution by ammonia — Air

Impact Significance=Px (L+ 1+ A+ C)

where:

P (0-100) = The probability that the impact will occur

L (0 or 5) = Violation of legal requirements (L=5) or not (L=0) if the impact
will occur

I (0 - S5) = Expected intensity of the impact (I = 0 means negligible, and I =5
means extreme)

A (0 - 5) = Area that will be affected by the impact (A=0 when it will be
restricted only to the area of the activity, while 5 = very broad diffusion of
the impact, even to the stratosphere).

C (0 —5) = Cost to recover the previous status, or correction cost (C=0 is
when natures recovers spontaneously and fully, while 5 is a long term effect,
costly to bring back to previous state).




The parameters that have been 1dentified as contributing to this
triplette are the following.

a. Type of fertilizer

b. Time between application and rain

c. Temperature post-application

d. Soil 10n exchange
e. Soil pH




To predict the significance of the impact under the circumstances highlighted in the
table below, it is supposed that fertilizer rate of use is within reasonable limits, i.e.
no surplus conditions are created. (values are only indicative):
Value Classes
Parameters: Weight Low (Best) Medium Low (Worst)
a. Type of fertilizer No Ammonia  Ammonia Ammonia+Urea
b. Time between appli-
cation and rain Within 24 hours 1-4 days >4-7 days
c. Temperature post
application <10C 10C-20C >20C
d. Soil 1on exchange
capacity (meq/100gr) >18 12-18 <12
e. Soil pH 6-8 5-6 11 8-8.,5 <5 or >8,5
In the above example the values of a worse case scenario could be:
P = 100% probability of pollution as the farmer is a user of ammonia+urea
containing fertilizer
L = 0 as there 1s no law against using it.
I = 3 1.e. intermediate intensity, as it is used in cool and rainy period but in soil
with low TAC,
A =5 as ammonia can be broadly diffused at this temperature, and
C =5 for Cost. As there 1s no way that the farmers can reverse the diffusion of
ammonia in air




The quantification of impact’s significance 1s 100*(0+3+5+5) = 1300
points, i.e. quite high.

The conclusion 1s that the tradition of the farmer to use ammonia or
urea containing fertilizers in early spring causes a significant impact.
An improvement objective for the specific parcel would be to reduce
the fertilizer gradually and use appropriate quantities later.

The advisor can propose alternative plant nutrition / fertilizer method
that can be tested by the farmer, so that pollution will be
systematically nullified.

The advisor has to combine the objective of reduction of pollution
with the improvement of economic efficiency of plant nutrition. So,
it 1s not simply a replacement of one fertilizer with another one but a
holistic review of plant nutrition.
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Development of methodology. The objective of these studies 1s to develop
methodology and create a common analytical base which can be used to assess the
environmental impact of fruit production. These studies are usually more important in
terms of methods and protocols than direct results.

Environmental profiling. These studies aim at assessing the environmental profile of
a study crop in a specific region by examining a number of orchards (or farms) that
are representative of the region. The main result 1s quantification of the ecological
burden for the study crop and often an analysis of aspects of the production system
which can be improved in order to improve environmental performance.

Comparison of agronomic protocols. The objective of these studies is to evaluate
the environmental performance of different agricultural practices in the fruit sector.
The studies mainly compare conventional, integrated and organic fruit production.
This comparison 1s often made on experimental orchards or representative farms.

Domestic versus imported fruit. The objective of these studies 1s to compare fruit
produced locally with fruit produced elsewhere and transported to the site of
consumption. These studies discriminate between the impacts generated in the
production phase and in the distribution and commercialisation phase, 1.e.
transportation and packaging.




Life Cycle Assessment (LCA): defined by ISO standard
(ISO14040:2006) as the compilation and evaluation of the inputs,
outputs and potential environmental impacts of a product system
throughout its life cycle. The origin of LCA can be found in the late
1960s within an American industrial context (Hunt and Franklin,
1996) and numerous studies have been carried out in order to adapt
this method to the agricultural sector (Audsley et al., 1997).
Nowadays, LCA 1s considered a useful tool in order to compare
alternative food products, processes or services, and as background
for environmental product declaration (Schau and Fet, 2008). The
results of an LCA are commonly presented as impacts in a range of
different impact categories such as global warming, acidification,
nitrification, ozone depletion, toxicity, etc. (Pennington et al., 2004).
However, as an optional step of the analysis these categories can be
weighted against each other to produce an indicator of the total
impact of a given amount of product.




Ecological Footprint Analysis (EFA): introduced by Rees (1992)
and further developed by Wackernagel and Rees (1996). This method
leads to an aggregated indicator which quantifies the total area of the
terrestrial and aquatic ecosystems necessary to supply all resources
utilised and to absorb all resultant emissions involved in the
production of particular products. The indicator 1s considered an
ecosystem-based index (Singh et al., 2009) because it is a composite
index of different ecological parameters. As EFA results are both

scientifically robust and easy to understand by non-experts, the
method 1s a useful pedagogic instrument to make our dependence on
ecosystems visible (Cuadra and Bjorklund, 2007).




Emergy Analysis (EM): the emergy concept was formalised by
Odum (1988) and 1t represents all the work which has to be carried
out by the environment and human labour to sustain a certain system
and produce a given unit of product. This method 1s also called
emergy accounting and it uses the thermodynamic basis of all forms
of energy and materials, converting them into equivalents of one
form of energy, usually sunlight (Odum, 1996). The result of this
analysis shows how much a certain activity drains a system of
energy (Cuadra and Bjorklund, 2007) and indicates the
sustainability of a production system in a thermodynamic
framework. Thus, EM 1s considered one of the most appropriate
approaches for analysing the systems that are at the interface

between natural and human systems (e.g. Bastianoni et al., 2001).




Energy Balance (EB): produces an indicator from an energy
input-output analysis of a system and results 1n a measure of the
energy efficiency of the system. The main principle of this method
1s that efficient use of energy is one of the main requirements of
sustainable agriculture (e.g. Strapatsa et al., 2006; Guzman and
Alonso, 2008). The EB 1s commonly used to indicate ways to
decrease energy inputs and increase energy efficiency without

impairing the economics of crop production (Kaltsas et al., 2007).
Thus, energy efficiency 1s frequently used in combination with
other environmental or economic indicators in order to obtain the

best management strategies.




Tahle 1

List of all papers presenting applications cf environmental indicaters in orchards since August 2010 from ISI Journal and conferences. Indicators considered are: Life cycle assessment (LCA); Ecological footprint analysis (EFA);
Emergy analysis (EM); Energy balance (EB). Country category considers the area of the study and not necessarily the origin of the research group. The dataset colurnn shows the kind of dataset, with the number of farm or
scenarios censidered in brackets. In boundaries, different kinds of limitation of the system are censidered; cradle-to-gate® refers o a cradle-to-gate scenaric, but considers the final preduct at the gate {e.g. juice or oil); cradle-to-
market (int) considers a cradle-to-market scenaric with an international market. Other infermation about the orchards include: g = capital geods, n = nursery, p = plantation of the orchard, d = destruction of the orchard.

Reference Product Country Indicator ~ Dataset Reference flow Boundaries
Methodelogical issues Meuron et al., 2006 Apple Swiss LCA Commercial orchards (12) Land based (FU = ha); Cradle-to-gate {cg)
Receipt based (FU = §)
Cerutti ef al., 2010 Nectarine Ttaly EFA Commercial orchards (1) + Mass based (gha/t) Cradle-to-gate {n,p,d,cg)
validation
Strapatsa et al, 2006 Apple Greece EB Comrnercial orchards (26) Land based (GJ/ha) Cradle-to-gate {cg)
Panzieri et al, 2002 Cherry Italy EM Commercial orchards (3) Land based (se]fha) Cradle-to-gate (cg)
Regional [Naticnal prefile Mila i Canals et al., 2006 Apple New Zealand LCA Commercial orchards (3) + Mass based (FU =t} Cradle-to-market {int)(cg)
validation
Soler-Rovira and Soler-Rovira,  Apple Spain LCA Literature and other databases  Land based (FU = ha; Cradle-to-market (int)
2008 Mass based (FU=1)
Williams et al., 2008 Strawberry UK, Spain LCA Literature and other databases  Mass based (FU=t at Cradle-to-market (int)
distribution)
Coltre and Mourad, 2009 Orange Brazil LCA Comrnercial orchards (30) Mass based (FU ) Cradle-to-gate
Yusoff and Hansen, 2007 Palm oil Malaysia LCA Literature and other databases  Mass based (FU Cradle-to-gate* (n)
final product)
Cuadra and Bjorklund, 2007 Pineapple Nicaragua EFA; EM  Commercial orchards (3) + Land based (gha/ha; seffha),  Cradle-to-market (p,cg)
validation Energy hased (gha/Gcal);
Receipt based (ghaf$)
Mohammadi et al,, 2010 Kiwifruit Iran EB Commercial orchards (86) Energy based (MJout/MJin);,  Cradle-tc-gate
Mass based (M]/kg);
Receipt based (M]/$)
Kizilaslan, 2009 Cherry Turkey EB Comimiercial orchards (87) Land based (M]/ha) Cradle-to-gate
Comiparisen agre-techniques  Niccelucci et al, 2008 Grape Italy EFA Comimiercial orchards (2) Mass based (gha/t); Cradle-to-market (p.cg)
Land Based (gha/ha)
Reganold et al,, 2001 Apple Washington EB Experimental field Land based (M]/ha) Cradle-to-gate
Pizzigallo et al, 2008 Grape Ttaly LCA; EM  Commercial orchards (2) Mass based (FU = t final Cradle-to-gate* (p,cg)
preduct; seJft)
de Barros et al, 2009 Banana Guadalupe EM Commercial orchards (8) Land based (se]/ha) Cradle-to-market {p)
Kaltsas et al.,, 2007 Qlive Greece EB Cormercial orchards (24) Land based (M]/h. ) Cradle-to-gate (cg)
Sanjudn et al., 2005 Orange Spain LCA Literature and other databases  Mass based (FU = kg) Cradle-to-gate
Gundogmius, 2006 Apticot Turkey EB Comrrercial orchards (20) Land based (M]/ha) Cradle-to-gate
Guzmdn and Alenso, 2008. Olive Spain EB Commercial orchards (241) Land based (GJ/ha); Cradle-to-gate®
Energy based {GJout/GJin);
Mass based (GJ/1)
La Rosa et al., 2008 Orange Ttaly EM Comrnercial orchards (4) Mass based (se]/g) Cradle-to-gate
Liv et al, 2010 Pear China LCA Comrnercial orchards (5) Mass based (FU = 1) Cradle-to-market
Domestic versus Imported Mila i Canals et al., 2007 Apple UK, New Zealand EB Literature and other databases ~ Mass based (FU = kg) Cradle-to-market {int}
Blanke and Burdick, 2005 Apple Germany, New Zealand ~ EB Literature and other databases  Mass hased (FU = kg) Cradle-to-market {int)
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Fig. 1. Distribution of the four functional unit categories (land based, mass based,
energy based and economic value-based) in each of the environmental assessment
methods studied.
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(JCP 16:809-821, 2008)

Table

Specification of the system characteristics

Process Process characteristics considered in the system

Planting the olive trees Transportation by pickup van, water use

Soil management Operation of chisel plough attached to agricultural tractor (average soil management frequency of 2.18
upu ions pu \t, 11) T

Field water supply and irrigation “Ope __’_L\

Fertilisation ,\ppllullmn_m 0-10-10 Li)]ﬂpl)llﬂdI]"L.i_i.lll‘ﬁf.‘ by hand, waleruse

Fertiliser production and transportation Production of ammonium ni umc monoammonium phosphate, diammonium phosphate
and potassium sulphate, transportation by [reight ship, lorry and pickup van

Pruning and residue management ()pu.llmn of tmnd Iw LlLLlI(ﬂ Lhdll]\d\‘v’ (.wu.ig frequency: 0.74 per year per tree), [NHI]III" n_mlm burned in

- —

_—-'"_\-u—l—-'
Pest control ”\ppl:mlmn of dumthu e h ased ]“IL“\[ILIdLA n])u ation of compressed air sprayers

Pesticide production and transportation Production of dimethoate, mixing with inactive ingredients, transportation by freight ship, lorry and pickup van
Weed control No herbicides included in the system

Collection of olives Operation of hand-held pneumatic combs

Transportation of olives to processing plant Transportation by Fmﬂ_ﬂ_

Supply of electricity to processing plant Electricity generation in oil-fuelled power stations

Water supply for processing unit Operation of pump stations

Water treatment Water use, operation of plant, production and transportation of treatment chemicals (chlorine, aluminium
sulphate, polyelectrolyte)

Olive purification Operation of conveyor belt, washing machine and electronic scale, purification residue waste stream
Olive grinding and malaxing Operation of conveyor belt, grinder and mixing vat, water heating

Olive oil extraction Operation of decanter. separator and pumps, disposal of liquid waste into evaporation pond, part-utilisation of
pomace as fuel for boiler furnace, residual pomace waste stream

Olive oil storage No fuel or energy consumption for storage operation
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Fig. 1. Schematic presentation of the system under study.
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Table 1

Main agronomic features of the two management systems, conventional system (CS) and sustainable system (S5).

(S S
Cultivar Maiatica Malatica
Planting density 156treesha! (8mx 8m) 156treesha™! (Smx 8m)
Training system Vase trained Vase trained
Pruning Manual, heavy, every two years Manual, light, annual
Pruning residues Removed from the field Cut 1d left on the ground as a mulch
[rrigation 8 Reclaimed urban wastewater
Fertilization Empirical fertilization Annual - guided fertirrigation
Weed control Shallow tillage Soil covered by spontaneous weeds mowed at least twice a year
Pest and disease control - Regional agricultural extension service protocol
Harvesting Semi-mechanized, every two years Semi-mechanized, annual

Products

Oil olives and table olives

0il olives and table olives




Table 2
Farm inputs and outputs in the two management systems, conventional system (CS) and sustainable system (SS). Yields and percentage distribution between olives for table
and oil-use are also reported. Data are averages from the reference period (2001-2008).

[nput [ 85 Output (S

Total fertilizers (kgha™) 75 150 Average 2001-2008
Ammonium sulphate 0 11 Yield (kgha™!)
Urea 0 Oil olives ()
Ammonium nitrate Table olives (%)

Chemicals (kgha™")

Pesticides
Copper

Treated wastewater (m*ha™')

Plastic container® (n°)

Human labour (hha™)

Machinery (hha™")

Diesel - oil (kg)

Lubricants (kg)

iEstimated life span; 15 years.




Table 3
Materials and inputs referred to one hectare.Conventional system (CS) and sustain-
able system (SS).

Materials and inputs Cs SS
Pruning
Diesel and lubricants (kg) 3.05 4.06
Agricultural machinery (kg) 0.14 0.14
Pruning residues cutting
Diesel and lubricants (kg) 83.39
Agricultural machinery (kg) 3.37
Pest and diseases control
Diesel and lubricants (kg) 166.78
Agricultural machinery (kg) 7.73
Copper (kg) 2
Pesticide unspecified (kg) 4
Weed control
Diesel and lubricants (kg) 125
Agricultural machinery (kg) 5.05
Soil tillage
Diesel and lubricants (kg) 83.34
Agricultural machinery (kg) 5.29
Irrigation
Treated wastewater (m?) 3425
System (polyethylene pipes) (kg) 12
Fertilization
Diesel and lubricants (kg) 7.11 41.47
Agricultural machinery (kg) 0.29 LI
Ammonium nitrate (kg) 75
Ammonium sulphate (kg) 110
Urea (kg) 40
Harvesting
Diesel and lubricants (kg) 87.29 254
Agricultural machinery (kg) 3.22 9.64

Plastic containers (kg) 17 40




Table 4
Energy consumption for the examined orchard systems per land unit. Conventional
system (CS) and sustainable system (SS).

Agricultural operations CS SS

Pruning

Pruning residues cutting
Diseases control

Weed control

Soil tillage

Irrigation

Fertilization

Harvesting

Total energy input

AV( KOAAMEPYNTIKN TEYVIKNY




Table 5
Energy consumption and its distribution in the two management systems, conven-
tional system (CS) and sustainable system (SS).

CS SS
M] ha-!

Labour 308
Machinery and maintenance 1125
Diesel fuel 7521
Lubricant 208
Fertilizers 402
Chemicals ~
Irrigation system -
Materials (plastic containers) 728
Total energy input

]
e W o= W bJd O WD M
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able 6

otal output, production costs and gross profit (mean 2001-2008) calculated for the
0 management systems, conventional system (CS) and sustainable system (SS).

CsS SS
(€ha-1)

Oil olives sales 723
Table olives sales 2154
Total output 2877
Total production costs 1360
Gross profit 1517




Table 8

Life cycle impacts per hectare calculated for the two management systems: conven-
tional system (CS) and sustainable system (SS). Impact categories: abiotic depletion
(AD); global warming potential (GWP); ozone layer depletion (OLD); ecotoxicity
potential (EP); photochemical oxidation (PO); air acidification (AA); eutrophication
(EU).

Impact categories Environmental impact ha-'

s

Abiotic Depletion

Global Warming Potential
Ozone Layer Depletion
Ecotoxicity Potential
Photochemical Oxidation
Acidification
Eutrophication

AD (kgSbeq)

GWP (kg CO; eq)
OLD (kg CFC-11eq)
EP (kg1,4-DBeq)

PO (
AA(
EU(

kg C2Hy)
kgS0; eq)
kg PO4-3 €q)

5.96
411.29
0.00
189626.24
0.11

2.00

0.25

24,64
723.15
0.00
607197.55
0.45

6.17

0.48




Table 9
Energy consumption, production costs and impact assessment of the global warming
potential (GWP) referring to 1kg of olives: comparison between the two manage-
ment systems, conventional system (CS) and sustainable system (SS).

S 55

Total energy input (M) kg~! olives) 2.80
Production costs (€kg™" olives) 0.37
Farm net income (€kg™"! olives) 0.41
GWP (kg CO, eqkg™' olives) 0.11




Impact Categories

1

=
A

& Pruning residues cuttin

O Pruning

] Pest and Diseases control

@M Wastewater Treatment

K Weed control

@ Fertilization

Fig. 2. The contribution of the agricultural operations to impact categories per hectare for sustainable system.
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Table 1
Main features of two olive models,

Parameter

HDO

SHDO

Cultivar

Planting density (orchard layout)
Plants quality

Training system

Pruning

Irrigation system

Weed control

Disease control

Harvest method

Yield (FP)
Fruit quality
Economic life:
- Young phase (YP)
- Growing production phase (GP)
- Full production phase (FP)
Number of productive cycles

Coratina

400 trees/ha (6m x 4 m)
Grafted trees (over 80 cm)

Free vase and central leader
Manual, annual

Drip irrigation and fertilization
Mechanical tillage and herbicides
Conventional technique

Vibrator with a collecting umbrella
11.0 t/ha

Normal size and il content

48 years

15t-2nd year (2 years)

3rd-8th year (6 years)

9th-48th year (40 years)

1

Arbequina

1667 trees/ha (4 m x 1.5 m)
Rooted Cuttings (40-50 cm)
Central leader

Mechanical and manual, annual
Drip irrigation and fertilization
Mechanical tillage and herbicides
Conventional technique

Straddle harvester

9.0 t/ha

Smaller size but normal oil content
16 years

1st=2nd year (2 years)

3rd-5th year (3 years)

6th-16th year (11 years)

3




Table 6

Inputs and outputs of two olive models during the full production phase (FP) (annual
average).

Short description HDO SHDO

INPUTS
Water (m>/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) Glyphosate 0.15 0:23
(as active principle) Glufosinate 0.15 0.23
Copper sulphate 3.00 4.50
Copper ion (Cu++) 6.00 9.00
Phosmet 2.82 423
Dimethoate 1.52 2.28
White paraffin oil 3840 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




HDO

Water
183.2 m°

Fertilizers
45.6 kg

SHDO

Water
2240 m’

Fertilizers
81.8 kg

h

Pesticides
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1t
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7.1kg
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1t

Diesel fuel
77.7 kg

Lubricants
9.0 kg

Fig. 1. Flow chart of the two system per functional unit.
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Table 9
Characterization results of the two systems per functional unit (FU = 1 t olives) and relative coefficients of va

Impact category

Characterization results

Unit

HDO

SHDO

Abiotic depletion

Acidification

Eutrophication

Global warming (GWP100)
Ozone layer depletion

Human toxicity

Fresh water aquatic ecotoxicity
Marine aquatic ecotoxicity
Terrestrial ecotoxicity
Photochemical oxidation

ke Sb eq

ke SO, eq

kg PO4— eq
kg CO, eq

kg CFC-11 eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 1,4-DB eq
kg 14-DB eq
kg GGHy

44
8.2
42
5422

0.00008

4847
8.0
199024
3.7

0.7

5.6

12.3

6.7
707.1
0.00010
664.7
1145
28120°
5.1

03
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Fig. 2. Characterization of the two systems.
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AKZ Enma Kpntn Meoonvia

O I MiyoAOmOvAOG EXEL ONLLLOVPYNGEL TIG TPOSLAYPOPES Y10l TNV
avAALGT KUKAOL CONG oty eMA Ko TIC 8)(81 EQPOPLUOGCEL GE
TPELC OUAOES TOPAYDYDV Y10l T1 OTLLLOVPYi TOV
OTTOTUTTMUATOC TOV YUAAIVOL umovkaAov pe 750 ml
ELALOAOO0 TTOL TOVMETOL OTT ZTOKYOAUN).

Climate information: For every bottle of the present extra
virgin olive oil that has been produced, packed and
transported to the markets of northern Europe 2.51 Kg CO2
eq. of fossil origin CO2 eq. have been emitted to the
atmosphere.

Climate information: For any bottle of the present extra virgin
olive oil that has been produced, packed and transported to
the markets of northern Europe and taking into account the
CO2 fixed by photosynthesis and greenhouse gas emissions,
at least 370 g of CO2 per year may be removed from the
atmosphere and stored in the soil of Greek olive groves.




ENVIRONMENTAL PERFORMANCE Upstream  Core Downstre

am

POTENTIAL ENVIRONMENTAL Field Extraction Packing Transport

IMPACT ation
1. Global warming kg CO2 eq. 1.757 0.043 0.480 0.226
(GWP100)

2. Emissions to air kg 0.023 0.001 0.005 0.002
3. Ozone layer kg CFC-11eq 0.000 0.000 0.000 0.000
depletion (ODP)

4. Photochemical kg C2H4 eq 0.007 0.000 0.000 0.000
oxidation

5. Acidification gases kg SO2 eq. 0.019 0.000 0.003 0.001
6.1 Materials to kg 0.106 0.248 0 0
recycle/other use

6.2 Waste for Kg 0.576 1.140 0 0
renewable energy

6.3 Other waste Kg

6.4 Hazardous/Active Kg 0
material

6.5 Toxic emissions kg 0 0 0 0 0
7. Land occupation 9.723

8. Non renewable kg 0.387

material

9. Non renewable MJ eq. 18.579

(fossil) energy

9.1 Abiotic resources (0.010)

3.719

0 0
0 0 0

0
0




POTENTIAL ENVIRONIVENTAL

IMPACT

10. Renewable meterial  Kg

11. Renewableenergy  MJ eq.

12. Weter use n3

13. Bectricity use MU

14. Eutrophication kg PO4 eq
15.1 Ecotoxicity—fresh kg 1,4-DBeq.
water

15.1 Ecotoxicity — kg 1,4-DBeq.
marine

15.1 Ecatoxicity — kg 1,4-DBeq.
terrestria

16. Hurman toxicity kg 1,4-DBeq.
17 Ecdogica footprint ~ Giobal m2a
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2. Emissions to air

Beyond green house gases (GHG) the following have been found
to be emitted to air, mainly from the field phase as shown in Chart
5. More specifically, they are linked to the N20 emissions of
iInorganic fertilizers as shown in Chart 6. Sulphur dioxide is linked
to glass production. Particulates are linked to lignite burning for
electricity production.

3. Emissions related to Ozon Layer Depletion (ODP)

The emission related to packing prevail in this impact category,

followed by field phase with fertilizers again being primarily
responsible. Some relief is offered by the use of leaves -separated
from olive fruit in olive oil mills- as fertilizers substitute. The same
occurs with the use of pruned wood as fuel replacement, since fuel
production is also linked to production of ODP gases.




4. Photochemical oxidation

This is almost exclusively due to the field phase, namely to burning
of wood from pruning. Some of the gases produced during this
incomplete burning (carbon monoxide, benzene, NMVOC) are
important for human 10

health as well as for the deterioration of olive oil quality if burning
takes place at the same time with harvesting and milling of the
fruit. And, of course, wood burning deprives the soil of valuable
organic matter.

5. Acidification

Mostly due to the field phase and secondarily to packing,
emissions consist of nitrogen oxides (47%) ammonia (25%) and
sulphur dioxide (27%). About 80% of the two first gases are
emitted locally after applications of nitrogen fertilizers, while the
remaining 20% as well as all the sulphur dioxide are emitted at the
fertilizer production phase. Practically no ammonia is emitted in the
core phase. Some nitrogen oxides are also emitted during
packaging due to glass production for the bottles.




6. Waste

This water and wood ashes from dry pomace burnt as fuel in olive
mills furnaces are local waste emissions. Also local is the empty
packages of plant protection products and empty fertilizer bags.
6.1 Waste for recycling or other use

No recycling of waste —except for lubricants- has been considered
in Greece, but only in the country of destination, i.e. Sweden for
packing material. However, a number of items is used for other
purposes such as ash from pomace used as fuel in oil mills and
leaves separated from olive fruit in the oil mills are used as
replacement for fertilizers. Also a part of pruned wood is used for
fences, tool making etc.

6.2 Waste used as renewable energy source

Pomace from 3-phase oil mills is used as fuel in oil mills, in
greenhouses for growing vegetables etc, as fuel replacement. The
same is true for large pieces of pruned wood which is used in

farmers? houses in stoves and fireplaces also as fuel replacement.
6.3 Other waste — Final waste flows

This includes water from olive fruit-washing process and Oil-Mill-
W aste-W ater for which emissions have been included in the
overall pattern. Also, the empty packages of plant protection
products and of empty fertilizer bags.




/. Land occupation

This can be attributed almost exclusively to olive groves, which
have not undergone land use change during the last centuries in
order to accomodate olive culture. Aimost 10 m2 (9.99 m2) of olive
grove are required for the production of one functional unit.

8. Use of non renewable material

An amount equal to 0.39 Kg is required in total per functional unit.
As shown in Chart 11 it is used mainly for fertilizers (Sylvite is
required for K) production, while also glass manufacturing requires
gravel from the ground.




9. Consumption of non renewable fossils.

Resources used for energy production as shown in Charts 12 &
12a are used up for all the phases in the life cycle of olive ol
summing up to 18.579 MJ/functional unit. In the field phase though
(Chart 12b) the net effect is negative due to the replacement of
fuel oil by pruned wood.

9.1 Abiotic resources depletion

From another angle, a pattern similar to non renewable fossil fuels
resources above is found (pie-chart 13) for abiotic resources,
equivalent to about 10 g of Sb per functional unit, according to
CML baseline 2000 method.

10. Renewable material.

Almost exclusively renewable material (wood) is used for
corrugated paper production

11. Renewable energy

There is only a small use for fertilizers production and for electricity
production in Greece.




12. Water use

Irrigation is by far the main use of water, so local extraction is the
iIssue. Also local comsumption is related to water used for oil
extraction in olive oil mills which represents the 2% of all water
usage (Water, well in ground as shown in the pie chart below). In a
life cycle perspective, a significant use of water is indirect, i.e. for
insecticides and fungicides manufacturing (Water salt, sole equal
to 20% of total water use) and for irrigation of the juta plants from
which the harvesting sacks are made (water, river).

13 Electricity

Its use is shared between field and packing phases as shown

below.
ELECTRICITY Unit Total Field Extraction Packing Transport

8.315 4.048 0.60 3.666 0.000

MJ




14. Eutrophication
Two are the main sources of emissions related to eutrophication,
fruit production and dlive ail extraction. For fruit production stage it

Is obvious that fertilization and to some extent irrigation are the
principal sources of emissions.

The extraction phase is marked by the difference between 2 phase
mills and three phase mills, as shown in the graph below.
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15. Ecotoxicity

Both, fresh water and marine ecotoxicity are influenced by heavy metals emitted
from lignite burning electricity production units. In addition to them for terrestrial
ecotoxicity insecticides also play a small role.

16. Human toxicity is related almost exclusively to wood burning after pruning, as
one of the products, benzene predominates as an emission.

17. Ecological footprint.

It is calculated to be 25.43 m2a, which is quite high but not so important since it
almost all due to the field phase i.e. the olive grove area as shown in chart 18 below.

The significance of land occupation for olive fruit production is highlighted by the
fact that it is an extensive, relatively low input olive-culture as it is practiced in all
three areas of interest is nothing else but a natural, millennium old olive forest.
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Tablel: Greenhouse gas emissions (LCA approach) for selected growing media at
end-use stage; reported by weight (kg CO2e t-1) [the use of °\’ indicates the range of

values|

Growing
media

Extraction
&
Harvest

Processing

Transport

End of life-
Growth
sequestration

total

Peat

36

24

33112

543

934\1015

Green
compost

57

408

51\132

358-358

496\577

Pig manure

578%*

Colr

4160

40

141\223

294-294

186\423

Bark

4

13

141\223

793-793

158\240

Wood fibre

5

g2

2208

661-661

109\310

Perlite

65

24\64

0

625\665

Vermiculite

65

24\64

625\665

Pumice

65

24\64

LA D)

Zeolite

65

24\64

SN L)

Rockwool

24\64

1479\

Foams (EPS)

331412

2083\
2164

Tablel is a revision of similar table of Defra (2005) for Greek case, enriched also with
other data (Papadopoulos 2006, TIMSA 2000)




OikoAoyIKO ATTOTUTTWUO

* Ecological footprint

* Elvol puo mpocéyyion Tov mooen EmQAVELD,
Bromapayoyikg yNg Kol VEPOU OTULTELTOL VL0 EVAL
dTono, £v0. GUVOAO 1M HLA OPACTNPLOTNTO DGTE VA
Tapay0ovy 0A0L 01 TOPOL TOV KATUVAAMVEL KO Y10,
Vo aToppoeNn0ovV 0Aa TO GTOPPIUUATO TOV
TOPAYEL YPNOLUOTOLOVTIS TNV TPEYOVOU TEXVOLOYLA
KOl OLOYELPLOT).




ENVIRONMENTAL PYRAMID

FOOD PYRAMID

At nopopioo T Barilla (mepipaiiovtiko 1] otkoro-
YIKO 0TOTOTONO 6€ M? YN|C TOV amarTovvTon ovd kg 1 L)




To dtkono eumoplo

€ avtifeon pe o couPatikod EUTOPLO TOL 01 TEPLGGOTEPOL
YVOPILovV TEPIGGOTEPO, TO ‘OIKOLO EUTOPLO’ TAPOVGIALEL OTTOLEG
ONUOVTIKES OLUPOPOTONCELS, KOOGS £XEL KUl KOLV@VIKO
YOPUKTNPA, OETYVOVTOS CTILOVTIKO EVOLAPEPOV Y10, TOV
TEPLOPLOUO TNS PTOYELNS KOL TNV EVIGYVGT] TOV OLKOVOULKA
acﬂsvéc‘rsp(ov napaymyd)v 0A0V TOV KOGUOV. 2KOTOC TOV Elvol
TéEpQ ﬁeBawL oo mv emituyn ExPoomn g vaaMayng -Vl
otvovtot 1 lo€g SUKouplsg € OAOVG aveiaprnw oo TO PLAETIKA,
KOWVOVIKA 1] OIKOVOULKE, TOVG XOPOKTN PIGTIKA Kot 1010itepN
ELEOOT OTNV TTOLOTNTO TOV TPOLOVTOV KUl OTLS ACPAAELS
oVVONKES EPYUGLUC EKELVOV GL 0TTOLOL TO TAPAYOLV.

To TpOTO YE@PYIKA TPOIOVTO KOIKALOV EUTOPLOVK TOV
OLOKIVIIONKaV. TOV TeOL KOl KAPES KOl aKoAoVONGav T
oo PUuEVE GPOVTO, KOKAO0, NTAVAVES, Cayoptn, oOLaQopa
PPEOKO PPOVTA, PUCL, uTayoPIKa Kol Enpol Kapmol. Eve T1o
1992 n avaroyio TOV TOAMGEOV OVIUEGO GE KOUWYOTEYVINOTA
Kol yepywka wpoiovta nrav 80% svavtt 20%, to 2002 ta
MOG0GTA £PTUGOV avVTioTOLY o TO 25,4% Kot 10 69,4% -vIéEp
TOV YEQOPYIKOV TPOLOVTOV.







