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ABSTRACT

The Life Cycle Analysis method permits to studystem “from cradle to grave”, in
order to understand all the environmental impadtgloccur with that production. The
identification of the environmental hot spots altouws to propose and examine some more
eco-friendly alternatives. Our first case studgnsapple production in orchard; where we will
particularly try to find alternatives for the trgomstation, the electricity and then work on the
possible organic production. The second one iscitgerg lettuce production in fields; which
hot spots are more the cultivation because of itinegen leaching, and the packaging. Our
last case is the poinsettia production is greergmughich has an enormous trouble with the
heating and lighting as our productions are sitlateSweden. The alternatives will be
discussed and the new results found will autha@ee environmental propositions and
conclusions.
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INTRODUCTION

Life cycle assessment (LCA) has been brought falwas an important and
comprehensive method for analysis of the envirorirmapact of product and services. In an
LCA study, the whole industrial system involved the production, use and waist
management of a product or service is describedrntan and Tillman 2008). Those figure
(1) extracted from J-E. Mattsson’s course pernotsunderstand the LCA procedure and
model that we applied in our three case studies.

Figure (1); The basic LCA model and procedure
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Three different applications of that method haverbehosen, as we can work on the
broader environmental problems appearing with bwlttiral productions. In fact, the first
case is the apple production in orchards. The ra#grnatives will be proposed for the
transportation and the electricity hot spots. Iwkt,fathe energy use induces a lot of
environmental troubles. A specific part will be deded at the organic apple production
study, in order to compare with the environmentapacts of the conventional production.
Then the Iceberg lettuce production in field widl bonsidered. In that example, the nitrogen
leaching and the packaging are the main issues&b with. Actually the eutrophication
problem is an increasing priority for the agricudtiufield, especially in the northern country
as Sweden, because of the dramatic Baltic Sedrdim.

Finally, as Christmas is coming, the poinsettiadpiation will be observed. And as Sweden is
a cold and dark country for the greenhouse produstiwe will try to find alternatives
reducing the environmental costs of the heating é&gtting of those greenhouses.




METHODS, RESULTS AND DISCUSSION

PART I: The apple production in orchard

System’s description: Figure (2); Apple production flow chart
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This diagram (Fig. 2) describes main steps in appdeluction and inputs and outputs to this
system which is limited by our system boundaries aXunctional unit of this process 1 kg of
consumed apples has been chosen.

This production system of apples is made in difiestages: the plantation and cultivation as
a growing part, the stocking in storage and stohere apples are sold to consumers, the
packaging and the transportation. This productioairc ends at the consumer, and then the
apple residues are wasted (composted). Each pathiofproduction system cause some
impacts on the environment. In this paper threeuggoof global environmental problems
represent an environmental footprint of apple potida. It is global warming, calculated in
grams of CQ equivalent per functional unit (FU), acidificatiaalculated in mol of H
equivalent per FU, and eutrophication which is enésd in grams of £equivalent per FU.

Figure (3-5); State of apple production before iowements
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Choice of the hot spots

As we can see in those figures (Fig. 3-5), the maodblematic link of this production chain is
the transport. Apples are indeed transported lokthetween the cultivation and the storage
stages, and from the storage to the store. The m@acts are on the eutrophication and
acidification processes. But the impact on globatming is also significant; as we can see it
is the third biggest emitter of greenhouse gasdd4@§) after the packaging and the car
transportation. Therefore some alternatives andramgments to current transport will be
presented in that paper. But some other kindsasfsportation appear in different stages of
the apple production. Concretely, some amount e$eali has been used in plantation and
cultivation probably as a fuel to tractors or samiimachinery. A discussion on how to
decrease the negative environmental effects ofetiesll also be done in that paper.
Transport by car is a very important source of GH&xs as we can see on figure (3). This
transport is done by costumers on their way tosthee, and is therefore nearly impossible to
influence.

The second hot spot presented in this paper iseliericity consumption. The theme of
discussion is how the environmental impacts of egpbduction will be changed if cleaner
electricity from renewable sources is used.

1) Transportation

Globally, emissions which rise from diesel engir@mbustion process cause greenhouse
effects; but in a regional scale, they are alsolved in the eutrophication and acidification
processes. COCH, and NO emissions are responsible for global warming,levhitrogen
oxides (NQ) and sulfur oxides (S£) emissions cause acidification. Moreover, thexNO
emissions increase the eutrophication level. Sotheraemissions from diesel combustion
exist like CO, HC, PM but they have mainly effeatfmuman health than on the environment.

In our example, the transportation by truck makgsificant pressure on environment. If we
want to soften it, we can use the following altéinres:

» Use other mode of transport. In this paper it ilsviy.



» Use alternative fuels. In this paper it is biodi¢RME).
* Use more efficient engines and high quality diesel.

« Combinations of these alternatives.

ALTERNATIVE I: Railway

Railway is a much more efficient mode of transgbén the transportation by truck.
The emissions from railway transport are margir@hparing to truck, but there are often
problems with the railway network density. In oase study, the distance between cultivation
and storage is 15 km and between storage and istisr@70 km. It appears from this that
railway can be effectively used only for the sectord) distance (from storage to store).

In presented calculations the transport distancedmy is only 220 km. There is assumption
that the store or the storage areas are not situiaiethe railway network, and therefore is
necessary to calculate with some buffer distanoettks illustration, 50 km has been chosen.
The energy needed to load or unload the applestrendther externalities connected with
this fragmented process are not included in theuéations.

In Swedish conditions, the absolute majority ofway is electrified. The electricity that is
used for traffic and infrastructures comes fromexeable energy sources. In 2006, 99.6
percent of the electricity came from hydroelecprmnver and 0.4 percent from wind power
(Banverked 2006). Calculations use only data fromrirelectricity. This data are adopted
from Baumann and Tillman (2004), but based on oti#a from Switzerland (Frisknecht et
al., 1996 in Baumann and Tillman, 2004).

ALTERNATIVE II: Biodiesel

The other alternative is the biodiesel use, instdatbnventional one, as a truck fuel.
The biodiesel in European condition is primary maden RME (rape methyl ester) and can
be used pure (100% RME) or blended into conventidiesel fuel at any concentration. In
European Union 5% of RME has to be blended intdiakel products.

The usage of biodiesel is not efficient as thevayl transport but still it can help to reduce the
impacts of apple production on the environment. Bl plus of biodiesel is that the GO
emissions from engine combustion are almost inBggmt, because the same amount 0L,CO
will be consumed by rape when it is growing. B tinportant thing is to be aware of other
outputs (emissions) from whole biodiesel producpoocess. Thus, we can say that biodiesel
impacts positively on global warming. The 3@missions in pure biodiesel are also
essentially eliminated. On the other hand the d@issions from pure biodiesel increase on
average by 10% compare to conventional diesel (EPA)

In this alternative the pure biodiesel (100% RMB$ Iheen used instead of the diesel noted in
the excel sheet for plantation, cultivation andcotirse for truck transport. Diesel which is
used for pesticides and fertilizers production Aiabeen changed. Even if biodiesel engine
combustion produce more emissions of )N€@mpare to conventional diesel (MK3), in the
following figures the amount of NOhas decreased (compare in table 1). It is cauged b
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strange data given for diesel in excel sheet. Takievof NQ emissions from diesel
combustion is given at 1,3 g/MJ which is not in @en with 0,594 g/MJ (Aakko et al., 2000
in Bernesson, 2004). It looks that the given vatueormulated in the wrong unit, instead of
9/MJel it has been used g/Mdine The table which compares diesel fuels is enclosdolv.

Table (1); Comparison of diesel fuels — heavy-drtgines

Emissions Diesel (excel Diesel MK3 Diesel MK1 Biodiesel

from : sheet) g/MJ g/MI fuel g/M! fuel' (100% RME)
fuel g/M! fuel’

co2 74,6 72,6 72,72 9

SO2 0,14 0,14 0,018 0

NOy 1,3 0,594 0,480 0,644

Source: Baumann and Tillman 2004, Bernesson 2004, Almemark M. et al. 2001
1 - Fuel supply chain included
2 — Strange value

The use of hundred percent biodiesel has some fepecoblems nowadays and a more
common use is the blended variant. In our exarni@el00% RME has been chosen to show
possible future state of transportation and witls #tonnected decrease of environmental
impact.

ALTERNATIVE lll: Engine efficiency and high quality diesel

The engine technologies are developing to decréasle consumption and lower
exhaust gas emissions. It is a positive trend wigghaking our transportation more efficient
with each new motor type. This progress is alsogeizable for diesel fuels, in fact the diesel
standards have been decreasing the amounts otgrduallowed (S@Q NOx, PM...) for a
long time.

The diesel fuel contains some sulphur residues lwhie oxidized in SQ which cause

acidification of the environment. The sulphur confesince Januaryst?005, must not exceed
0.005% (50 ppm) according to EU Directive 2003/hd she EN590 standard. And all EU
countries must secure the availability of 0,001% fipm) fuel e.g. the Swedish Class 1

(MK1). The fuel quality will continue to improvend from Januarys12009, all fuel must not
exceed 0,001% (10 ppm). (Volvo) A positive facthat more than 90% of the fuel sold in
Sweden is an environmental class 1 (MK1) (BaumanthTallman, 2004).

Table (2); Legal requirements and limit valueslémge goods vehicles

Engine type Law from NOx g/kWh  PM g/kWh HC g/kWh CO g/kWh

Euro 2 1996 7.0 0.15 1.10 4.0
Euro 3 2001 5.0 0.10 0.66 2.1
Euro 4 2006 3,5 0,02 0,46 1.5




Euro 5 2009 2,0 0,02 0,46 1.5

Source: Scania, Volvo; 1kWh = 3,6MJ

Each engine has to be approved in accordance witterd European Union legislative
requirements (tab. 2). This has a positive impacteovironment. In our apple production
example and also generally, the nitrogen oxide gioms cause major problems with the
acidification and the eutrophication processes. dingines of Euro 4 and 5 categories lower
significantly the NQ emissions (Fig. 6), and therefore if we want toriove environmental
impact of truck transport, we should think in trackith these new engines.

Figure (6); NOX emissions according Euro enginetyp

o NOX
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Source: Scania

Conclusion — Combinations

Transportation by train for long distances seentsetthe best variant. Emissions are minimal
from this mode of transport, but we still have sosmaissions from trucks which are
necessary because railway transportation cann@r ¢be whole spectrum of apple transport.
To reduce the emissions of truck transport, itasdyto use new efficient engines and high
quality diesel, biodiesel or some blended combaometi In current conditions, the most
environmental friendly solution is to use enginescategory Euro 5 as a fuel 100% RME.
Summary graphs above (Fig. 11-13) show this contibimaxcept calculating with Euro 5,
data are presented for standards of Euro 2/3. dnsithat NQ emissions can be even lower.

Effective railway transport combined with truckrisport based on new efficient engines, and
the use of biodiesel as a fuel, should be one ef hlest alternatives for the apple
transportation. Also, a biodiesel usage in plaatatnd cultivation of apple orchards, and
new efficient machineries can significantly redecerent negative impacts on environment.

2) Electricity

Electricity consumption has naturally negative effen environment, but if some
renewable resources are used, those effects caledseased. Most emissions come from
electricity generation based on fossil fuels likkkamd coal and natural gas. The combustion
of these fossil fuels emits big amount of GHGs anthe other important pollutants (KO
SOx). Another possible source of energy is the nuc@ectricity generation. In that case,
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GHGs emissions are not as high as from fossil plahts. On the other hand there is a
problem with the radioactive waste and also withftiel (Uranium) which is a nonrenewable
source.

In Swedish conditions the electricity is relativébfean”. The main share of great electricity
generations is nuclear power (45,7%) and hydro pd#6,0%) (EC). But sometimes, it
happens that the coal based electricity from Deknsabought. This fact can really influence
the LCA and final environmental impacts of somedoict, apples in our example.

In the given excel sheet, the average electricity been calculated. If we want to reduce
ecological footprint of our apple production, wenaaplace this average electricity by some
renewable one. There are few possibilities, eleiggrirom hydro power plants, wind energy,
solar energy and from some kind of bioenergy gdimeraThe table below compares these
energy sources through chosen categories of pmtluith perspective 2010.

Table (3); Emissions from different types of elaxty generation, prediction for 2010

Emission Hydro Wind Photovoltaic Waste wood Biogas
g/MJ: power’ turbine? generator steam turbine

co2 2,77 2,83 27,5 8,61 3,05
CH4 0,0058 0,0067 0,06 0,017 -0,0054
N20 0,0001 0,00005 0,0005 0,0038 -0,206
SO2 0,0047 0,011 0,080 0,087 0,102
NOX 0,01 0,0086 0,094 0,36 0,160
Source: Pehnt 2006

1-3,1MW

2-1,5MW

We can see that electricity from hydropower has lieset environmental parameters and
therefore has been chosen as an electricity soummar apple production. In the calculations,
hydropower data from another source has been #sekriecht et al. 1996 in Baumann and
Tillman 2004). It is the same data used for calote in railway transportation.

Graphs show the changes in impact categories wieetrieity from hydropower plants is

used. In calculations, the hydropower electriciplaced average electricity only in apple
plantation and cultivation. Other electricity derdam the following steps of the apple
production is presented with average electricity snunchanged.

This electricity improvement and improved transptioin figures have been added into
summary graphs below (Fig. 7-9), combine hotspaisfapple production and shows the
“best” solution studied.

3) Organic apple production

As is shown in figure 1, 2 and 3 some environmeetfdct during apple cultivation such as
global warming and use of chemicals is so obvious.
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During production, apple orchards are usually fdifgculties from establishment of weeds,
pests and fungi in large quantity. Most of commombed pesticides and fungicides are not
permitted in organic farming and weed must be reedanechanically and manually (J6nsson
2007). Undoubtedly, economic success in organid¢egpmduction depends on location and
on the local climatic characteristics.

Pest and disease management
In organic fruits the nutritional and healthy ditries were better as ascorbic acid content
One of the main challenges for organic apple prbdnads susceptibility of apple to fungal
diseases like apple scab and powdery mildew andusinsects.
In order to evaluate organic apple production wegwing to review some of important pest
and diseases and the possible solutions in orgesicand disease management.

The organic sections were noted for signifisamore scab (Jonsson, 2007). It has been
shown that the strong pruning decrease scab coabigedue to the improved spray
disposition (Holb, 2005). In organic production teys only sulfur was applied to treat the
major primary scab infections.

Scald occurred only infrequently and with sfg@int variation among years. Generally
scald is not very common in Sweden, possibly dudorelatively cool weather during fruit
ripening (Jonsson, 2007). In order to control aphgating tray samples can be used for
determination of pest management actions agairegh.tin order to control and restrict
codling moths to below damaging levels in the orgaection it is possible to use and spray
sulphur and fatty acids. Jonsson, (2007) reported apple suckers and moth caused no
damage in apple trees. An alternative for moth dpama kaolin particle film, which was
successful against moth (Delate & Friedrich, 200H)ey suggest that kaolin clay was
effective against insect pests. It is importangpply the insecticides at the optimal time for
achieving good control (Jénsson, 2007).

Important resistance management practices to préveaking of scab-resistance when scab
sources are present in the vicinity are: to uskisud moderately effective fungicide, to treat

major primary scab infections; to use chicken weaces as spatial buffers; and to plant
exclusively scab-resistant orchards (Maas, 2007).

IOBC (International Organization for Biologic&lontrol) Diseases in Orchard working
group advised to take the following measures: 1nbBioplant scab-resistant cultivars together
with susceptible apple cultivars, 2. Keep suffitiehstances between scab-resistant and
orchards with susceptible cultivars, 3. Apply fundes to treat major primary infections and
4. Apply sanitary measures during winter (Trapnzgg5).

Choice of cultivars:

Disease resistance is one of the primary factorsrgianic apple production. All over the
world, one the main goal in apple breeding progrésn® have disease resistance cultivars
such as scab resistance or other diseases likewnilatter rot. When planting a new orchard,
cultivars with strong resistance towards especidgb and bull’'s-eye rot may, however, be a
better choice.

Among the 16 cultivars investigated for indistiuse, ‘Blenheim Orange’, ‘Bramley’,
‘Holsteiner Cox’, ‘Ingbo’, ‘Queen’ and ‘Vanda' werlhe most promising cultivars. It has
been reported that all of these cultivars had hegkls of tree and fruit resistance to pests and
diseases, and had fruits that were suitable forhar@cal peeling, coring and cutting, were
rich in SSC and had good firmness at harvest ated stiorage. The fruit flesh was white and
the skin colour bright and yellowish as preferradprocessing (Kaak & Grauslund, 1991).
Aroma is one of the cultivars which is recommenttgdorganic growing in Sweden (Juhlin,
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2004). A problem with this cultivar is its sensitwwto bull’'s-eye rot (Schawlann, 1999).
Rubinola and Rajka reported to have yield belowimmadout these cultivars have the highest
percentage of first class fruit. Moreover they d¢desed health, attractive, tasty and easy to
grow. Rubinola specially is an option as scab-tastscultivar. For these reasons they appear
suitable for organic growing in Sweden.

Scarlet O’Hara with above medium yield and Igpening which keeps well in storage is a
promising cultivar for organic growing in SwederedRlts from Jonsson, (2007) suggest that
quality of all of these cultivars were acceptablebRola turned out to be the best liked
cultivar. In addition a rose was observed amongctitesumers to pay a premium of 0.55 € to
buy organic apple. ‘K:1160’ reported as best lildigtr ‘Rubinola’ in one of the two years of
the consumer evaluation. Data on yield and frudligy of ‘K:1160’ are needed before it can
be recommended for organic growing.

Undoubtedly, economic success in organic appduction depends on location and on the
local climatic characteristics of orchard (Re#yy al, 2007). It has been suggested that
selection of a suitable site for an orchard is vienportant in regard to pest and diseases
(Holb et al,, 2001). It is recommended to place the orgarcband far away from other apple
orchard to minimize pest and disease migrationgsgam, 2006).

Soil and Nutrient

It has been reported that the content of potassindhphosphorus is higher in the organic
section (Jonsson, 2007). In organic production maonucomposted manure could be applied
as fertilizers to provide nutrient (Racsskb al, 2008). It has been shown that excessive
nitrogen fertilization enhances susceptibility tals (Leser & Treutter, 2006) and reduce
firmness (Jonsson, 2007).

As alternation to control decay, disorders qudlity lost, it is possible to use,CO; and
N gases in the store room such as controlled atneosph

Hand thinning will help is essential to achmeyifruit quality. Treatment with olive oil
reduce the fruit set and increased the mean freight without inducing fruit russetting
(Alins & Alegre 2005, 2007). Weibdt al, (2004) reported that sodium salt is also redycin
fruit set. Orchard floor in organic apple systentastrolled through mechanical means such
as mowing, mulching and flame weeding (Gut & Weil2€105). Mulching can provide good
weed control within the tree row, but it may neeegdo use mouse guards or move mulch
away from the base of trees in the fall to preweirtter rodent infestation (CHC, 2003).
Keeping hogs at pasture is effective for controlvefed and grass growth in orchard. They
also preformed well when cleaning up drop applasmfiNet al, 2007). This will receive more
attention since in Sweden it is mandatory to keggamic hogs at pasture (Gustafson and
Stern, 2003).

Discussion

In conclusion Fruit growers must, however, be entely observant on diseases and pests
since these cause severe problems in organic osh@ollection of beating tray samples,
daily supervision of pheromone traps, searchesuits in the trees and control of the foliage
for nutrient deficiencies is advised. Thinning @fnehged fruitlets should help to minimize
damage from brown rot and apple sawfly. The eshbient of a healthy balance between
pests and predators (with some help from permitisdcticides) should be easier to achieve
in an organic orchard if it is placed far away frother apple orchards.

By converting conventional apple orchard to amganic orchard there will be a
considerable improvement in environmental impagjyfe 3-5). Global warming effect and
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CO, emission will get close to almost zero the useeakwable energy sources (Figure 7-9).
Even by continues utilization of fossil oil the ammb of global warming and GCemission
will reduce to almost half of the conventional naethAnother reason for this reduction will
be the less utilization of machines and dieselrohepto spray fungicides and pesticides in
organic farming.

Figure (7 -9); Environmental impacts of organic legmoduction before and after all
improvements (alternative transportation and algttrincluded)
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Apple Acidification before and after improvements
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PART Il: The Iceberg lettuce production in fields

System’s description: Figure (10); Iceberg lettuce production flow chart
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The iceberg lettuce production is the system stubege, in order to understand its impact on
the environment and to find better alternativesis Timplified picture shows the different
stages of that production, with the inputs and samthe main outputs resulting from that
fabrication. We wanted to have the customer pointiew that is why the functional unit
chosen is 1 kg of lettuce consumed. Indeed, evéreitustomer buys the lettuce by unit, the
price is by kilograms. Actually, if FU=1 head oftlece have been chosen, the size of the
lettuce would have influence our calculations. tdes to involve the final purchaser in those
results, it was a good solution to describe the warhef emissions produced for 1 kg
consumed.

Choice of the hot spots

The calculations of the input and output producexs ywossible with a lot of data
giving the amount of resources used and the emisgpooduced to obtain what was needed
for our production system. Then, knowing the enwinental impacts of this or that emission,
it was possible to estimate the environmental cadtese costs could then be evaluated for
the three major problems: global warming, acidifma and eutrophication processes.

In the iceberg lettuce case, we can see that tblkage is the major hot spot for the global
warming problem, followed by the cultivation. Thdtovation problems are the leaching of
Nutrients, especially the Nitrogen (@ water, NQ to air, NH;, N>O) impacting on the 3
environmental problems. This leakage is really geeticular problem of that kind of
production; indeed the vegetable productions illfieise a lot of fertilizers. The nutrient run-
off to ground water, then lakes or seas is a diffissue which really needs to be improved.
The transport by truck is also involved in the glblwarming and especially in the
acidification process, but this last hot spot Hesaaly been studied for the apple production.
So the results could be re-used in that specie e the end.

Figure (11-13); Initial impacts of Iceberg lettuce production.
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Acidification Lettuce
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1) The Nitrogen Leaching is here the most environmental problem:

Nutrient leaching is the downward movement of digsw nutrients in the soil profile
with percolating water. The leaching risk for anerit increases with its mobility in the soil.
Among nutrient anions, nitrate is particularly éadeached because it shows negligible
interaction with the negatively charged matrix assntopsoil and is, therefore, very mobile in
the soil. As a consequence, nitrate leaching catribate significantly to negative nitrogen
balances of agricultural systems. The leaching @s;-N occurs in many cool-season
vegetables, as the lettuce production system fetamnte, because N application rates often
exceed crop demand. In fact, intensive agricultpraktices are considered to be the main
cause of the nitrate pollution of groundwater. TiHirogen can then runoff to rivers, lakes
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and seas where the Eutrophication processes aliadet@® really big problems. To avoid that,
the Swedish government adopted in 1999 fourteelir@mental objectives, out of which,
“Zero Eutrophication” (A.Henriksson, 2007). Nitraeaching is also a significant source of
soil acidification and erosion, and can be tramafEd in global warming gases. This hot spot
is truly one of the largest trouble caused by adjical production in open field areas, that is
why we will try to find some alternatives more avimental-friendly. And that trouble in
even worst because the lettuce production is oftmlized in a sandy soil which is
particularly known for its nutrient runoff.

Preliminary discussion about the diesel used:

| went to see S-E. Svensson and T. Prade and wesdisd about how much diesel is needed
for each operations in the field. The comparisortheir figures and those from the initial
system permits to see that even different expertsad find the same results at all. Of course
the tractors have been improved during the lastsydaut | do not understand how such a
difference can be found only because of that fa¢®ee estimations) That is one of the most
difficult things to deal with in LCA, because wevieato choose between several data,
sometimes so dissimilar that the results can kalyothanged. In my study, | will choose to
use numbers between those two estimations to oimtare moderated results.

Here are their estimations for the different cudtion steps:

-ploughing and press of the soil: 20L/ha 2@L/h
-bed formation, harrow... and fertilization (NPK):L¥ba 15L/ha
-transplantation of the lettuce: 5L/ha 5b/h
(X4) -mechanic weeding and eventual fertilizatidliPK): 3L/ha 12L/ha
(X3) -pesticides spraying: 1,5L/ha 4,5L/ha
-harvest: 5L/ha 5L/ha

Total= 61,5L/ha
Initial total= 250L/ha
Chosen total= 155,75L/ha

If catch crop added:
-ploughing, harrow: 20L/ha 20L/ha
-seeding: 3,5L/ha 3,5L/ha

Total= 85L/ha
Initial total = 345,5L/ha
Chosen total=215,25L/ha

ALTERNATIVE I: Catch crops

One possibility to reduce the nitrogen leachingpisise a catch crop (it can also referred
to an intermediate crop but the aim and functiores the same). This crop will catch the
nitrogen which is released by the previous onenduthe autumn, as it is growing. In
addition, it will permit to release the nutrienteorporated, as the next spring crop (after the
ploughing) can use them. This will reduce the amaidiertilizer that the farmers will have
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to add, because the topsoil nutrients will not maa during the no-exploited period of the
year.

Different kind of catch crops have been studieguiee and non-legume (for example clover
and ryegrass in T.Rinnofner and all, 2008). Thelteshow that those two types of crops are
efficient to reduce nitrate losses, even if thegrgss is better for that goal. Especially the
deep root system plants are good to catch theemisti The conclusion of that research for
organic farming is that the use of catch crop isdyaonsidering different aspects. Indeed,
“they cover the soil, reduce nitrate leaching arabien, and deliver residues that can improve
soil biological activity and increase nitrogen dahility for next crops.”

During a five year study, at Mellby, the nitrogesathing has been reduced by 60% on
average by the use of Ryegrakslium multiflorumL.) catch crop until spring (H. Aronsson,
2000). The conditions of that experimental work goed in our case, because the period of
cultivation was approximately the same, as therenmental conditions because localized in
the south of Sweden.

And compared with solil tillage in early autumn, tresults can be even better: leaching
reduced by 80% (only observed for one year). Tlie ahow that the ploughing should be
done in spring (before the new crop installati@m¢ not in autumn. In fact, when the soil is
moved like that, some aggregates are broken andutrents are easily released. Then the
rain water can bring them away, up to the groundwaivers... As the average leakage
benefit in that paper is said to be between 50%783d, for both spring tillage and the used
of a ryegrass catch crop, | will chose to reduc® riitrogen escape by 60%. Truly, this tillage
is often done in autumn in Skane because the asibHarge content of clay, which makes the
early spring tillage difficult for the farmers. Sewven if nothing is said in our initial system, |
will consider that the tillage was done in spriragid that no catch crops were used (G.
Torstensson and all, 2004).

Results for the catch crop utilization:
Both the catch crop and the spring tillage will @ase the leaching by 60%. Otherwise, the
diesel consumption is increased from 155,75L/h2l,25L/ha.

ALTERNATIVE II: Change the way of fertilize

-split the spraying in 2 applications, or more:

The little plant, at the beginning of the crop, maihcatch all the nitrogen given by the
farmers (with the fertilizers).This can be explaingy the lack of synchronization between
mineralization and crop uptake too. And if it isnrag, a big amount of those nutrients can
runs away, which will pollute the groundwater bilgoa be lost for the growing plants. A
solution is to give those contributions in sevesadaller amounts during the crop growing.
One base can be added in the field during the bedation, and some complements during
the growing. Some samples can be analyzed for ¢hieg of the growing, in order to only
complement the soil if necessary, and with the mum amount possible. It is notably
possible to fertilize at the same time as the weed done. In that case, the second or third
amount of fertilizer will not cost more diesel cangption, so will not be worst for the
environment. The experiments done by the invesirgadf SLU allow to say that the crop is
not significantly altered with only 30 kg N/ha astarter fertilizer, followed by 50 kg N/ha
during the crop. So it is not necessary to fesilinore than that. This examination (G.
Torstensson and all, 2004) says that 50 to 70%ekkpected requirement must be put just
before planting and top up as required during tlog g@rowing (especially for plants with
shallow root system). Some of the relevant advigieen are the exploitation of sample
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analysis to know what is already contained in tle&df and a good irrigation (in top) too
reduce the fluctuations in the field and to give tlutrients more easily available for the plant.
Because the lettuce production is mainly done sardy soil which has the highest nitrate
leaching and the lowest denitrification rates, titdization of an efficient irrigating system
and the split of the fertilizer spraying will reduthe nitrogen leaching (J.M. de Paz & C.
Ramos, 2003). Indeed, the nutrient uptake by thatgan be improved by 15-20% if a good
irrigation is used, this for an unchanged ferttiiaa.

It is difficult to find figures which could permito see a relationship between the
amount of fertilizer applied and the leakage imgoce. Although, a linear relation was
shown (D.S. Powlson, 1993) between the rainfall tredleaching. In fact, “each additional
10mm of rain increased the loss by 2.6%. (This @lapn be used as a way to calculate the
percentage of Nitrogen lost for the plant, and edead a second fertilizer application.) But it
is different for the relation between the N residaad the rate of N added. The leaching
depends a lot on the post-harvest mineralizatiooragyp residues. But the use of a following
crop seems utilize the mineral N available, avaican important runoff of the nutrients.

-application ofless fertilizer using the minimal N method (initfall75 kg N/ha)

Different methods can be used to know how muclilifeat should be put in the field.
For example the utilization of presidedress techesqin USA (S.J. Breschini & T.K. Hartz,
2002) is one way to choose the amount to add, diégpgon the sample analyses. Some other
systems are trying to change the fertilizationha same field, thanks to map utilization. As
they can know how much N (or others) they havehia or that part of the field, they can
adapt the proportions applied. In fact, we canmotydhat the nutrients are not represented at
the same level everywhere in the field, especihilyis a big one. In Sweden, another method
is also used not to put too much Nitrogen: the Nmethod (J.M. de Paz & C. Ramos, 2003
& G. Torstensson and all, 2004), which gives thaimal amount needed by the crop without
reducing the product quality.

The important data to remember in south Sweden te:total N supplied is
approximately 260kg N/ha, but only 95kg N/ha of e¥hare harvested as only the heads are
sold. This leads to a total N-leaching equal to@bkha. Fortunately, Nmin calculations can
be found (G. Torstensson and all, 2004): Nmin=mummbasic reserve of N in the soil +
expected N uptake by the plant = 149kg N/ha asdest Then an addition of 15kg N/ha is
requested during the crop. Thus, the total NmirtHierlettuce crop is 164kg N/ha if nothing is
left in the field, which is not the case especiaflya catch crop is used. But with their
experiments, as we have seen in the last paragtapipossible to only deposit 30 kg N/ha as
a starter fertilizer, followed by 50 kg N/ha duritige crop (figures | will chose to use).

The figures found in Spain (J.M. de Paz & C. Ranmarg) Nmin=72kg N/ha for the lettuce
production, even if the traditional advice are Z8®Dkg N/ha in the code of GAP (Good
Agricultural Practice). The GAP notably encompasséss for nutrient/nitrogen management
(A.Henriksson, 2007). It is said that with the Nnapplication, the leaching is reduced by
66% while the crop yield is only decreased by 5%d A&ven if these experiments are not
done in the same kind of environment, the amounit g@iut in the field now (80kg N/ha) in
front of the ones put usually (260kg N/ha) are ejsimilar. That is why | can expect a
leaching decrease about 60-70%, reducing the N-albded in the crop up to 80kg N/ha.

-fertilize on a specific place with the best kiridestilizer

The Swedish study on iceberg lettuce (G. Torstanssal all, 2004) also proposes to
put the fertilizers on a strategic place, so wheee plant is localized. Especially when the
plants are small because they need a sufficieet shtnutrients easily available, and that
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method permits a good establishment of the crop.réally good point is that the amount of
stimulant spread in the field can be short a 1648 kg N/ha sufficient if put at the good
place add in conjunction with sowing or plantingeogtion. The tractor has to be well
equipped for that task, but no more diesels araletkeOtherwise, the farmer has to be
careful; actually a bigger application of nutriemigthat particular location could lead to salt
damage of the newly planted vegetable seedlingsth®camount of nitrogen put in the field
is twice smaller as what we had seen if it wasysgt@verywhere, so it seems reliable that the
leaching can be reduced by at least 80% in that cas

In addition, all the fertilizers are not as godd.fact, the minerals can be easily
released if they are not incorporated in the organater of the soil. So it is better to use
biomass fertilizers because they liberate the ewitsi slowly and are more coordinated with
the plant needs. Actually the plant cannot incospmall those nutrients at the same time, so a
continuous supply is better. It is what happeneerwthe catch crop is giving back the
nutrients to the economic crop.

Results for the alternative way of fertilize:
| chose a combination of the most efficient figuseen in those paragraphs, in order to
improve the environmental impacts of the lettuaedprction. Finally | will used to fertilize in
a specific place, with only 40kg N/ha (leachingueed by 80%), and | will irrigate in
surface and not by groundwater to improve the plgmake by 15-20%. Moreover, | will do
regular sample analyses not to add to much unnekiglizer, and will prefer biomass to
minerals stimulants.

ALTERNATIVE llI: Organic production and potatoes alternative

In Spain (J.M. de Paz & C. Ramos, 2003) they oft@duce lettuce from August to
November after a potatoes crop from January to Nda@gause this permits not to add any
fertilizers. Indeed, the potatoes crop need a idili’ogen but does not incorporate all the
Nitrogen available (on average 25 kg N/ha harvekie82 kg N/ha applied). And the parts of
the crop which are not harvested are especiallyd dedilizers because their nutrients are
easily available for the next production. This pesgive availability is good because it
permits the new crop to use it during its growiaggd avoid premature leaching. It is true that
the little plants cannot use all the nutrientshet beginning and need them all along their
development.
It would also be possible to do that in Sweden, rtbe potatoes are definitely appreciated
with vodka (as a Swedish tradition)! As those nemafoes are harvested before July, it is
totally possible to grow iceberg lettuce after thafthout any nitrogen addition. The
potassium rate is not too bad neither after sudrop (meeting with L. Morgen), but a
phosphorus addition will certainly be needed tadpie iceberg lettuce. So | can also cut my
potassium adding by half.

If we study an organic production, we will perhd@s/e more weeding interventions
on the field. But as the lettuce crop is a fast, dhe weeds will not have the time to develop
so much. Even if the growing period is a bit longfean a traditional one due to the less
amount of fertilizers... few more weeding will be ded. And the insecticides will be
changed in a covering, which can be put at the dameeas others operations, so which does
not need more tractor interventions. We can thud agice the tractor cost on the
environment for the weeding, but delete the sp@ymterventions; which finally change
almost nothing. And, as the organic producers oftea the crop rotation system, we can

22



imagine that potatoes will be done before. So we sgppress all the nitrogen, half of the
potassium, and all the pesticides used in ourainglystem; but add 10L of diesel/ha
(cultivation). Lars Morgen could not help me todia relation between the leaching rate and
the amount or the way to add the fertilizers, beitshowed some diagrams where we could
see that if there is a crop in the field, the leéaghs really small. Otherwise, it is not possible
to say that if we add no fertilizer we will not @rge any leaching. In fact, the soil
mineralization is going on all the time, even with¢he additions of stimulant. But if we use
always a crop on our field, these minerals will @#enost all used (especially if the
mineralization is small because of the no addibbrertilizers). That is why; | will assume
the choice to reduce the leaching by 90% in ths¢ ¢axcept for the P).

Results for that organic alternative:
No pesticides. No N-addition, and half of the K-gidah (leaching reduced by 90% except for
the P). But maybe the yield will be smaller thaooaventional one, which is not taken into
account here.

Conclusion and combination of the alter natives

Finally | will use the best alternatives found thigh that study, which are the organic
production after a potato crop, followed by an awutucatch crop and a spring tillage. In
addition an efficient surface irrigation will impre the plant uptake by 15-20%. Besides, the
regular use of sample analyses is good not to adohuch unneeded nourishment, as a
preference for biomass fertilizers. The leaching lvere be supposed as inexistent.
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2) The packaging is a second environmental problem for the lettuce production:

A lot of different LCA have been done about thekaaygng field in order to find the
best substance possible. The main debates are thieainalry between plastics, papers,
paperboards and glass, as for their diverse pateands of life Wwww.foodproductiondaily)

Figure (14); General materials flow for cradle taxg analysis of the product
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This figure 14 shows the whole system analyze@fo€A (S.P. Singh & al., 2006).
But, it is possible to “doubt on the suitability o€ A results as a justification for a preference
for reusable packaging. LCAs do not provide clegopert for the argument that levels of
reuse should be increased”. Moreover, the probsetinat the results are often biased,
depending on who ordered the analysis. As our enmiental impacts are now a social
concern, it can in fact become an advertising aggurfor companies to say that they are
acting for our planet (Confederation of Paper Indes, 2008). That is why we will try during
all that study to look at the figures in retrospectd to compare different sources to have a
more objective view. But we are not sure that aamitous solution exists, so we will more
dISCUSS the possible improvements which can be,duatieout really giving the indisputable
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ALTERNATIVE I: The choice of the best package possible

Different substances can be chose to produce ttlagmg; | will try to discuss those
usable in our case. Remember that in our produgieger bags are used to transport the
lettuces from the cultivation to the store leveld gplastic bags will be used by the customer
from the store to his house. The metal packagenwillbe studied as they are not suitable for
food transportation. The five indicators usuallyedito compare the packaging are their
effects on global warming, air acidification andtrephication, as their proportion of no-
renewable energy consumption and non-renewableunes® (Tetra Pak’s bio intelligence
service, 2008).

Since the transportation costs are nowadays reafpwensive, one way to choose the
best package is too look at its weight. In thatcatass is bad because heavy, but plastics are
good. Besides, according to the UK plastic assiotiaplastics make a positive contribution
to all three pillars of sustainability (environmalhg, economically and socially). Plastics
make an immense contribution to the environmenistagnability through their energy saving
potential and intrinsic recyclability and energygaeery options. They provide unparalleled
benefits as a packaging material because theyigiteveight, resource efficient and offer
excellent barrier properties. In that websitesieven said that “if plastics were not used in
packaging and other materials were used instead, Waste and energy consumption would
double, and weight and costs would quadruple” thisgtseems a bit too easy (see Figure 37).
We although have to tell that some chemical problean occur with certain plastics, and this
is certainly not a good point for a food packag&TE and PVC should be avoided as
possible. Then, the Table 4 permits to choose ¢isé filastic bag possible, in HDPE.

Figure (16); The packaging figures if the plastaswmot used, from the UK plastic association
website
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If we look at the study done by Tetra Pak, the ltesshow that the glass is the worst
material compared, but the glass is not well adhfie the packages we need in our system
(heavy, fragile...) so we will not discuss it. Theetrf Pak’s examination declares that PETE
(polyethylene terephthalate) and HDPE (high-dengitlyethylene)are better but not as the
TBA (Tetra Brik Aseptic) or TPA (plastic used fonlknbottles). Of course that publication
demonstrates that Tetra Pak use the best packpgssiple. Their most important argument
for the paper board choice is its renewable origihich decrease a lot its impact on the
environment (Tetra Pak’s bio intelligence serv@08).
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One figure shows the same conclusion: if the Fremudtomers always chose the cardboard
boxes (milk or juice), the annual CO2 saving widl bf 194 600 tons, so the equivalent of
30 000 travel around the Earth by car in greenfousses emissions (www.wwi.fr). But
contrary results can be found as in a study (SrighS& al., 2006) focusing on bags used for
fresh vegetable and comparing the reusable plasticgainers (RPC) and display-ready
corrugated containers (DRC). We can learn thataftmt of factors studied the RPS is better
than the DRC.

PLASTIC PACKAGING

SPI #2 Plastic Name & /Ton Common Uses
h High-density 290 Milk jugs, liquid detergent
LE‘) polyethylene bottles, grocery baags

HOPE

Linear low-density

& polyethylene

340 Plastic films (bread bags,
produce bags, shiink wrap)

LDPE

f\. Polypropylens

370 Plastic lids, packsging,
automotive, appliances,
carpeting

containers, insulation,
disposable plates. cutlery,
automotive parts, toys,
housewares, appliance parts,
wall tiles, radio, TV housings,
furniture, lugogags:

f\. Polyethylens
u& terephthalate

PETE
Table 4

850 Soda bottles

Palyvinyl chloride 5100 Construction piping, plastic

battles, upholstery, flooring,
wall coverings, sidings

ﬂ Polystyrene @ 330 Styrofoam, cold food

&

Table 1 - ¢/ ton is the environmental impact cost of manufacturing each plastic. HDPE, LDPE, PP, and PS have
roughly the same environmental impact rating. PETE is about twice as high as these four. PVC is nearly six
times higher than PETE primarily because of carcinogenic emissions. The environmental cost of disposal is $4
per ton excluding PETE, which is $5 per ton. Recycling was excluded from analyzing plastic because only
1.8% of packaging plastic is recycled.

Regarding the Environmental Protection Agency (ER#0ts about the paper and
plastic grocery bags, the paper production “gersr&0% more air pollutants and 70% more
water pollutants”, and waste 4 times more energy tplastic’'s one. And a plastic bag is
almost 10 times lighter than a paper one, so p@dkss solid waste but takes 4 or 5 years to
decompose (against 1 month for the paper). Thopgipers are made with renewable
resources which are often not the case for plagticseover, the recycling rate for plastics is
very low even if it costs less energy; only 1% tHgtic bags were recycled against 20% for
paper bags according to a research from 2000 Rafsdale, 2005).
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It finally seems that no winner can be found betwpaper or plastic bags, the only
solution is to re-use them (T.E. Ragsdale, 2006)v&atever the package chosen, a
resolution could be to ask the consumers to keeip blags several times (plastic bags in our
initial system). If they really want to act for teavironment, it is easily possible to reduce the
costs for those bags by the number of times thewsing them! In fact no additional costs
exist as they do not have to clean them properl{o pay more diesels to come in the shop
with them...But, how to force them to do so? Maylgmsiexplaining that fact will be
sufficient, otherwise we can make them buy eadheaf small plastic bags. | am sure that,
even if the price is nothing (1 SEK), they will lexft more before wasting it! And if we look
at what is done in several communities with “pay@as throw” laws, the amount of waste
has decreased in average by 14 to 27 percent pef(kdarsh & B.Dugusu, 2007). You can
hope that effect will be the same on customers.

Although, for the paper bags used for the transpont the cultivation to the store level, a
cleaning will be needed to enforce the sanitaryslagven if that processes a@d to save
natural resources, they necessitate powerful datésgnd difficult logistical system to collect,
transport, clean.ln that case, the re-use should be more discussddrtunately, not reliable
data could be found to answer.

ALTERNATIVE ll: The end of life chosen for the package

The package used can take different ways after tiiization. Actually, they can be
wasted, land filled, re-used and refilled, compostecycled, exploited for combustion and
incineration...We will now try to see which is the best enviromta¢ becoming of those
bags.

As we have seen before, the re-use and refilling good solution to save natural
resources but the several powerful detergents oHuatg and the logistic and transportation
can generate other costs on the environment (digsel
The recycling is also a nice idea not to garbage rdiw materials. Nevertheless, various
economical factors as the costs for collection,asspon, cleaning or processing, and
transportation are not negligible. And also, aslaxrpd by C. Gruvberger (VA-SYD,
Malmo), such products necessitate a market. Wepoant out a problem appearing with the
recycled plastics in our case, because they aem ofdt employed for food packaging then,
because of some microorganisms residues. But évleayi are not re-usable for food package
it is a good choice to recycle them. Actually, tlean be recycled 6 times in average before
their recycling is less environmental friendly thdreir combustion. This still permits to
compensate bigger impacts than those of the papéugtion (Tetra Pak’s bio Intelligence
Service, 2008).

The Composting is only achievable for organic materso the plastics are already excluded
of that process. It is essentially a valuableradve to waste disposal for our food or our
paper bags, but not as good as the recycling.

The land filling is certainly not the best enviroemtal solution because of the emissions (air,
ground...). But our scrap can be combusted and iraiiee if they cannot be composted or
recycled. Especially the plastics have a high hgatialue, 38 MJ/kg in average, which
compares favorably to the equivalent value of 31kigldor coal. It is then possible to produce
heat or electricity, and also to reduce the wastame by 70-90% (K.Marsh & B.Dugusu,
2007). Even if the emission rate is not so satigfy{imainly CO and H), this is one possibility
to recover energy from those packages. For exampMalmd Sy-Sav plant, Two Energy
From Waste (EFW) plants process 400,000 tones sfenamyear, producing 950,000 MWh in
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hot water for district heating and 145,000 MWh tdcéricity per annum, or the combined
annual energy production saves about 100,000 winas

In addition, the package design can be transfororaer to permit an easier end of
life, depending on the end chosen by the compa¢RIEN, 2008). This upstream reflection
will improve the energy use or recovery efficiency.

Conclusion and combination of the alternatives

One of the most important things is to remembetrttina packaging, even if impacting
on the environment, is necessary to protect oudgdgi.Marsh & B.Dugusu, 2007). In fact,
the energy put in the product is ten times bigget the energy put in the packaging, so its
protection is very important. In developed courstiveere this covering is not efficient, it is
possible to observe a lot more of food waste (INSPE2008). Factories have done a lot of
studies and efforts in that environmental way, ¢hstomer now also have to help to protect
our planet. It is true that “yet, still many peeghink that recycling is the most important
thing they can do to help the environment”, bus ihot enough. For instance, using a family
car and not a 4x4 for one year save the amounheigy saved by recycling the family’s
glass bottles for 400 years (INCPEN 3, 2008)!

Table 5; Results after those two alternatives disicun:

Finally, it seems that no indisputable packagelmohosen, especially between paper
and plastic bags. The best thing to do is thatctretomer re-uses them; this will reduce the
use of plastic bags by two. Furthermore, differstatlies showed that the recycling is better
for environment than incineration or landfill inrgggal. In one of them, it is written “WRAP
considers that it is reasonable to say that remgcli tone of paper and cardboard will avoid
1,4 tones of carbon dioxide equivalent comparelandfill, and 0,62 tones of carbon dioxide
equivalent compared to incineration”(ConfederatadrPaper Industries, 2008). Thus | will
use the data given in the excel sheets for thectedypaper, unfortunately | cannot find the
figures for recycled plastic otherwise my resutisld be even better. But the energy recovery
is also a good alternative if the package cannatebgcled anymore with an environmental
benefit.

Initial Package New Package The results are not really visible in a
CcO2 2 77E+02 234E+02 9raphics because the changes are not so
big. We can nevertheless see a small

CH4 3,78E-01 3,29E-02 . i

26 8 09E-02 7 05E-03 improvement, but this hot spot seems really
difficult to perfect. Those suggestions were

SO2 2,04E-03 1,41E-03 maybe not good enough, or the initial

NOX 4,45E-03 3.56E-03  system used was already one of the best

HCl 2,10E-03 1,22E-03 possible. But as we said, we cannot

NH3 4,75E-06 4,13E-07  envisage to reduce too much the packaging

NOX to air 1,23E+00 9,84E-01 costs or the product will be deteriorated,

NH3 to air 1,29E-03 1,136-04 and is it what we want to avoid above all.

N to water 6,06E-03 5,27E-04

NO3 to ater 0,00E+00 0,00E+00

P to water 0,00E+00 0,00E+00

PO4 6,75E-03 5,88E-04

coD 7,25E-05 6,31E-06
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3) Conclusion in relation with the other results found in that study
The transport by truck is a very big environmemiablem in the iceberg lettuce production
too. That is why the alternatives used in the appteluction case study can be applied here.
The electricity study can also be used in that taseprove the impacts on the environment.
The final results are so those ones:

Figures (17-19); Final results after combinatioralbthose alternatives
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Lettuce acidification before and after improvements
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PART lll: The poinsettia production in greenhouses
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System’s description: Figure (29); Poinsettia production flow chart
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Choice of the hot spots

In order to analyze the production process of Rafizs LCA was applied to a greenhouse.
Results of the LCA analysis show a huge environaleimpact (hotspot) during the
cultivation of Poinsettia. A considerable enviromta® impact via global warming was
observed during the cultivation and plantation oingettias. In this paper we will examine
possible ways to improve and reduce this enviroriatémpact.

Floriculture production in greenhouse produceshigh influence on territory and
environment which contributes to creating a sigaifit environmental load caused by large
input of matter and energy and by emissions pradi(Searascia and Russo 2007).

Energy is an important production factor in gite®use crop production. Raising energy
prices and fuel scarcity plus sever environmemtgact of fossil fuels are the most important
issues which growers are face in recent yearsofAthese issues establish a field research that
aimed at new technologies and solutions for enerfyyendly green house production system.

Temperature and light are two main factors indpction of poinsettia. Main market
demand for Poinsettia plant is Christmas and phanst be flower around and before this
time. Timing of poinsettia is achieved by contmdliday-length and temperature. Poinsettia is
a short-day (SD) plant and critical day length goinsettia reported to be 12.5h (Garner and
Allard 1923) and it is advantageous to subjectpilaat to a day-length well below the critical
for early flower formation (Kristoffersen 1994). brder to initiate flower and reduce the
vegetative growth negative Dif must be used andoiftenum temperature is around 18/21
day/night (Kristoffersen 1994). As it is obviousintanance of night temperature and heating
the greenhouse environment are important factodstlaely become even more significant in
colder region. In north Europe commercial Poinagptioduction, growers give 10h light to
plants per day by using high pressure sodium laiHpS) (Baevreet al,, 1994).

Fig.41 shows that during the whole process ahs$ettia from cradle to grave there is
considerable environmental impact during cultivati&Global warming as a result of O
emission is so obvious during the cultivation pssxe

Figure (30); Environmental impact via global wargin poinsettia
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During the cultivation most of the G@mission from the fossil fuels contributes to meat
system and electricity usage (Table 5).

Table (5); Emission data during cultivation of pg®ttia via using oil

Emmsions from electricity oil fungicide Insecticide N P K Compost Sum

co2 5,01E+01 4,92E+03 1,21E-01 5,24E-04 2,02E+00 2,41E-01 1,97E-01 4,97E+03
CH4 3,13E-01 0,00E+00 6,35E-05 2,43E-07 3,91E-05 6,60E-05 0,00E+00 6,57E-04 3,14E-01
N20 4,53E-03 0,00E+00 9,20E-07 3,52E-09 5,66E-07 9,56E-07 0,00E+00 4,54E-03
502 8,30E-02 1,14E+01 2,74E-04 1,19E-06 9,64E-04 5,10E-04 1,08E-05 1,15E+01
NOx 9,58E-02 7,39E+00 1,86E-04 8,03E-07 3,18E-03 1,85E-03 2,25E-04 7,49E+00
HCl 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00
NH3 1,40E-03 0,00E+00 2,85E-07 1,09E-09 1,75E-07 2,96E-07 0,00E+00 1,41E-03
NOXx to air 9,58E-02 7,39E+00 1,86E-04 8,03E-07 3,18E-03 1,85E-03 2,25E-04 7,49E+00
NH3 to air 1,40E-03 0,00E+00 2,85E-07 1,09E-09 1,75E-07 2,96E-07 0,00E+00 1,41E-03
N to water 5,26E-03 0,00E+00 1,07E-06 4,08E-09 6,57E-07 1,11E-06 0,00E+00 1,10E-03 6,36E-03
NO3 to water 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00
P to water 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00 0,00E+00
PO4 2,55E-03 0,00E+00 5,17E-07 1,98E-09 3,18E-07 5,37E-07 0,00E+00 2,55E-03
cob 1,26E-03 0,00E+00 2,56E-07 9,77E-10 1,57E-07 2,66E-07 0,00E+00 1,26E-03

ALTERNATIVE I: Construction Improvement

Several obstacles for improvement of sustaingbdenhouse system are in energy saving.
Most energy conservation practices can be cladsdseimproved maintenance or as major
adjustment of the greenhouse construction andrigeayistem (Short, 2004).

One of the key factors in greenhouse struatite have higher insulation. Good insulation
has a huge effect on saving the energy by reduatidreat production and heat maintains
during day, night and more considerably duringwirger time.

In order to improve the insulation several ways available which depends on budget,
availability, and efficiency. By sealing an old ghouse it is possible to save 40% in fuel by
simple sealing all the laps and bar mountains (SR2004). Application of double layer poly
ethylene film is another option in order to imprdhe greenhouse structure. Potential annual
energy saving greenhouse modification comparedhtgiespane glasshouse is between 30 to
40% (Short, 2004). In order to have high light siattance use of double zigzag-sheet could
improve this setback. In the case of a zigzag-saertae part of the light that is reflected by
the sheet hits again another part of the sheeasiidnd partly enters the greenhouse in that
way after all. The transmittance diffuses lightaoflouble zigzag-sheet with an inclination of
50° without colour pigment is 78.8%. For comparisstandard single glass has a diffuse light
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transmittance of 82% (Breuer and Donneveld, 2088¥ling curtain is another option which
is recommended together with double layer polyethgl (Hartmut k. Schissler, personal
communication). Using curtains during night helpsave energy between 20 to 50 percent.

In order to save energy and electricity it asgible to reduce this period till 6h per day
(Hartmut k. Schussler, personal communication) iy strategy it is possible to reduce the
use electricity for 4h. Electricity is needed dgrithe warming up process to pump the warm
water in the tubes during the night.

As mentioned before, heating system and sonirtiee energy are other important factors.
Central heating system with pipes all around theegrhouse is one of the economical and
functional systems in order to heat the green hofrs&tmut k. Schuissler, personal
communication).

As a substitution for oil as a source of energyubing the natural gas it is possible to reduce
the CQ emission around 30 to 35% (Fig. 31) and the eomnsdata are represented in table 6.

Figure (31); Global warming effect after structuraddification and use of natural gas
Global warming Poinsettia
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Table (6); Emission data during cultivation of psm@ttia after structural modification and use
of natural gas

Emmsions from electricity Natural Gas fungicide Insecticide N P K Compost Sum

Cco2 4.17E+01 4.94E+02 1.21E-01 5.24E-04 2.02E+00 2.41E-01 1.97E-01 5.39E+02
CH4 2.61E-01 0.00E+00 6.35E-05 2.43E-07 3.91E-05 6.60E-05 0.00E+00 6.57E-04 2.62E-01
N20 3.78E-03 0.00E+00 9.20E-07 3.52E-09 5.66E-07 9.56E-07 0.00E+00 3.78E-03
SO2 6.92E-02 2.71E-02 2.74E-04 1.19E-06 9.64E-04 5.10E-04 1.08E-05 9.80E-02
NOx 7.98E-02 5.66E-01 1.86E-04 8.03E-07 3.18E-03 1.85E-03 2.25E-04 6.51E-01
HCl 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
NH3 1.17€-03 0.00E+00 2.85E-07 1.09E-09 1.75E-07 2.96E-07 0.00E+00 1.17E-03
NOXx to air 7.98E-02 5.66E-01 1.86E-04 8.03E-07 3.18E-03 1.85E-03 2.25E-04 6.51E-01
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NH3 to air 1.17E-03 0.00E+00 2.85E-07 1.09E-09 1.75E-07 2.96E-07 0.00E+00 1.17E-03
N to water 4.38E-03 0.00E+00 1.07E-06 4.08E-09 6.57E-07 1.11E-06 0.00E+00 1.10E-03 5.48E-03
NO3 to water 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
P to water 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00 0.00E+00
PO4 2.12E-03 0.00E+00 5.17E-07 1.98E-09 3.18E-07 5.37E-07 0.00E+00 2.12E-03
CcoD 1.05E-03 0.00E+00 2.56E-07 9.77E-10 1.57E-07 2.66E-07 0.00E+00 1.05E-03
Moreover, renewable energy use has an enormoust eifer global warming and cause a
reduction in CQ emission around 60 — 65%. Agricultural waists sashstraws provide a
very effective and beneficial source of energy ® burned and heat up the boiler and
eventually the greenhouse. The results of usinduéioor biomass as energy source are
represented in figure 32 and table 7.
Keep in mind that, by installing a sophistichtemperature control system it is possible to
increase the amount of energy saving to its maximatm
Figure (32); Global warming effect after structuraddification and use of biofuel
Global warming Poinsettia
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Table (7); Emission data during cultivation of psettia after structural modification and
biofuel use
Emmsions from electricity Biofuel fungicide Insecticide N P K Compost Sum
Cco2 4.17E+01 0.00E+00 1.21E-01 5.24E-04 2.02E+00 2.41E-01 1.97E-01 4.43E+01
CH4 2.61E-01 0.00E+00 6.35E-05 2.43E-07 3.91E-05 6.60E-05 0.00E+00 6.57E-04 2.62E-01
N20 3.78E-03 0.00E+00 9.20E-07 3.52E-09 5.66E-07 9.56E-07 0.00E+00 3.78E-03
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CONCLUSION

This LCA project permits to study different casesggaling with several big
environmental problems. The research for new ateres in order to improve those hot spots
allows us to give some advice for those three prodos examined. But the main difficulties
that we met in that work were to find reliable figs for our alternatives. In fact, the data can
vary a lot from one expert to another; the funaiamit used is not always the same and the
conditions are often really different. That is wdyig part of our work has been to compare
figures, discuss together and with experts, in otddind the solution we thought be the best
possible. Nevertheless, we think be able to giveesenvironmental-friendly propositions for
those 3 case study.

In the process of apple production there were s¢vactors that have environmental
impacts. In this case of study we chose to exammkintroduce some alternatives in order to
improve those impacts. In the case of transportaléss environmental impact could be
achieved by using railway in order to transportlepgrom storage to store. But still there is
some need for using truck for transport. To solggative environmental impacts caused by
this transportation, the best solution is in usaigeew efficient engines and biodiesel as fuel.
The negative environmental impacts of electricimsumption could be reduced significantly
by utilization of some renewable energy. As it basn discussed previously the hydropower
energy could be most suitable option.

With raising concerns about negative environmemahct and increasing demand for
healthier fruit with low chemical inputs, since Dthere is a great attention toward organic
foods. Moreover organic fruits also presented &ebeaste, firmness, nutritional fibers and
phenolic contents. In addition, organic food showddwer concentration of nitrate. Organic
production of apples has increased in many regainthe world, particularly Europe and
North America. But bear in mind that via the orgaapple production the amount of harvest
will be reduced. So another option which will neldther discussion and evaluation is
integrated production (IFP). In IFP system synth@cticides and fungicide will be used
whenever disease or pests were observed.

The examination of the Iceberg lettuce productiaswthe occasion to go into detail
with the nitrogen leaching and the packaging prolaligc. The best alternative for the
leaching trouble seems to be the organic produetioere the crop rotation allows the lettuce
production after the potato crop. The tillage sddao¢ done in spring, and the irrigation and
fertilization stages need to be reflected. Conceyihe packaging, no indisputable choice can
be done between the paper and plastic bags. Buarttmunt of plastic bags used by the
customer can be reduced, and the recycling papé¢neabest end of life possible for the
packages.

As it is obvious the environmental impact of fbssi consumption drives us toward a
renewable and environmental friendly energy sourEesm a grower point of view also it is
more beneficial cut his or her reliance for fo$s#ls. Investment in energy is the important
factor which determines the fate of the producesiimss. As the expenses in energy
production getting higher the chances for succegeiting lower and there is high risk for
driving the farmer or grower out of business. W#hs invest in energy a farmer or grower
will be able to use his or her money in other pathe business.

As we discussed earlier reducing the energy caa$tnaoving toward an extremely
cost-effective business will decided by the kindtloé energy or fuel sources and efficient
consumption. According to the budget and possidithere is several ways in order to
reduce and even stopping our reliance to fosslldtikzation. In poinsettia production, by a
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small investment in sealing the greenhouse, idiall of double layer glazing (for future
buildings) or curtains in order to reduce heat st save energy. Further steps could be the
installation of heaters and boilers which operate renewable energy sources such as
agriculture and woody waists. Moreover a highlyssiare and sophisticated system to control
the temperature and climate will help to reduce eéhergy consumption to a well efficient
level.
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APPENDIX:

Production system descriptions for Project work

Production of apple — description of the system and input data

Plantation

The plantation refers to the efforts for buildingapple cultivation. How long a cultivation can be
used differs, but in this case it is considereddaitilized for 15 years, which is normal for amplap
cultivation in Sweden. In the plantation, 6000 Nidsel per ha and year is used for drainage, soll
preparation, plant, pruning and spraying. In on&®@0 trees are planted. The electricity use to
irrigate is 500 MJ and the amount of water is 40@er ha and year. To protect the trees from fungi,
the fungicides Benlate (3 kg active substance parfu year) and Topas C (2.2 kg active substance
per ha and year) are used. The use of fertilizerd2 kg N, 3 kg P and 16 kg K per ha and year.

Cultivation

The diesel consumption is about 4000 MJ per haraning and spraying. To irrigate the trees, 900
MJ electricity and 800 frwater are used per ha. The pesticides used ageeites (7.56 kg active
substance per ha), herbicides (6.64 kg active anbstper ha) and insecticides (4.92 kg active
substance per ha). The use of fertilizers are 39,848 kg P and 46 kg K per ha. The yield is 40 00
kg per ha. The apples are packed and transportehier boxes (see paper box).

Transport, cultivation-storage

The apples are transported by truck and the er@nggumption is 1,87 MJ diesel per tkm and the
distance between plantation and cultivation is 16 Khe boxes, which the apples are transported in,
weigh about 0.5 kg and contain 10 kg apples each.

Storage
The apples are usually stored in cold-storage foorabout 20 days before distributed to store. The
energy use for cold-storage is 0.00175 MJ eletyper kg and day.

Transport, storage-store
The apples are transported by truck, the same ggergsumption as above, and the distance between
storage and store is 220 km.

Store

About 2% of the apples are wasted in the storecantposted (the emissions when composting are
about 0.15 g CH4 and 0.25 g N per kg apples). Tdwtrecity use per kg apple is 0.05 MJ for the eold
storage, 0.03 MJ for the refrigerated display @agk0.3 MJ for other use. The district heatingkaer
lettuce corresponds to 0.2 MJ. In the store théoowsr puts the apples in a plastic bag (see plastic
bag). In one plastic bag one kg of apples are asdumbe put. The paper boxes that the apples were
transported in are wasted in the store and usedéycling (see excel sheet; recycled paper box).
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Transport, store-consumer

The transport between store and consumer is thediffisult one to estimate, since the parameters
are so uncertain. Here we assume that the distasckem, 50% of the transports are done by car and
the amount of articles bought each time is 15 kgkgeapples. The petrol consumption is 0,855 litre
for 10 km driving. The heat value for petrol isK8/litre.

Consumer

The waste from one consumed apple is about 18%himd/aste is composted (see data above). When
the plastic bag is used, it is thrown away at thesamer and used for combustion (see excel sheet).

Plastic bag

The plastic bag weighs 4 g each. To produce orgiplaag 0.2 MJ oil and 0.1 MJ natural gas are
used as feedstock. The electricity used in theymrtbah corresponds to 0.1 MJ. When the plastic bag
is used, it is thrown away at the consumer and usdistrict heating (see excel sheet).

Paper box

One paper box weighs 500 g and contains 10 kg sppteproduce one kg of paper box from recycled
paper, 1.1 kg of recycled paper has to be usedt(diine wear of the fibres in the paper). The energ
consumption for producing one kg of paper box freeycled paper is 3 MJ electricity, 1.8 MJ oil and
3.8 MJ coal. To produce one “new” paper box frongivi material 4.3 MJ biomass is used as
feedstock and the energy consumption is 1.43 MA.giB MJ natural gas, 1.43 MJ coal and 2.14 MJ
electricity. The apples are transported in pap&ebdrom cultivation to store. In the store the é®x

are thrown away and used for recycling.

Production of iceberg lettuce — description of the system and input data

Plantation

The cultivation of the iceberg lettuce starts ie Heginning of January, when small plants are
delivered to the greenhouses. Ready-made mouldsag:for the plantation and one cubic meter peat
is enough to 8000 plants. The energy use is 70 &\#ttricity and 90 MJ oil per 1000 plants. To
protect the lettuce plants from fungi, 0.5 kg afsAliette 80 WG (fungicide) are used per cubic enet
of peat. The weight of one plant is 0,05 kg. Thenp are transported in plastic boxes that are used
several times, which makes the environmental imjpaignificant and therefore are production of
these boxes not included in the study.

Transport, plantation-cultivation

The plants are transported by truck and the ermyggumption is 1,87 MJ diesel per tkm and the
distance between plantation and cultivation is 20 Khe boxes, which the plants are transported in,
weigh about 1 kg and contain 100 plants each. Qardg preighs about 0.05 kg.

Cultivation

In one ha 75 000 plants are usually planted anglitie is about 30 000 kg. The lettuce is normally
irrigated 8 times, with 10-15 mm water each timlee Tiesel consumption is about 250 | per ha and
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the electricity about 360 kWh per ha. The insedésithat are used are 4 | per ha Pyrsol emulsion B,
0.5 | per ha Pirimor and 1.25 | per ha Roxion (tpta.7 kg a.s. per ha). The use of fertilizers &ré

kg N, 5 kg P and 170 kg K per ha. The emissions filee cultivation are 3.5 kg N20-N and 1.5 kg
NH3-N to air and 125 kg NO3-N and 0.3 P to watertme The lettuce is packed and transported in
paper boxes (see paper box).

Transport, cultivation-storage
The lettuce is transported by truck, the same gnemgsumption as above, and the distance between
cultivation and storage is 100 km.

Storage
The lettuce is usually stored in cold-storage rdonabout 2 days before distributed to store. The
energy use for cold-storage is 0.01 MJ electripéy kg and day.

Transport, storage-store
The lettuce is transported by truck, the same gnemgsumption as above, and the distance between
storage and store is 300 km.

Store

About 10% of the iceberg lettuce is wasted in tibeesand composted. (The water content for iceberg
lettuce is 96% and the emissions when compostiaglaout 0.15 g CH4 and 0.25 g N per kg lettuce.)
The electricity use per kg iceberg lettuce is Mbfor the cold-storage, 0.03 MJ for the refrigecat
display case and 0.3 MJ for other use. The didteeting per kg lettuce corresponds to 0.2 MJhén t
store the customer puts the iceberg lettuce imstiplbag (see plastic bag). The paper boxeshbat t
lettuce was transported in are wasted in the stodeused for district heating (see excel sheet;
combustion of paper box).

Transport, store-consumer

The transport between store and consumer is thedifbsult one to estimate, since the parameters
are so uncertain. Here we assume that the distackem, 50% of the transports are done by car and
the amount of articles bought each time is 15 kgkgdaceberg lettuce. The petrol consumption is
0,855 litre for 10 km driving. The heat value fatywl is 36 MJ/litre.

Consumer

The iceberg lettuce is assumed to be kept in thigeeator for 5 days by the customer. The useful
volume in the refrigerator is 300 |, from which 5@841sed and one lettuce occupies about 2.8 |. The
refrigerator uses 0.4 kWh electricity per twentwftnours. About 30% of the iceberg lettuce is waste
by the consumer and composted. The plastic bdgas/h away by the consumer and used for
combustion (see excel sheet; combustion of plasiiy.

Plastic bag

The plastic bag weighs 4 g each. To produce orgiplaag 0.2 MJ oil and 0.1 MJ natural gas are
used as feedstock. The electricity used in theymtbah corresponds to 0.1 MJ. When the plastic bag
is used, it is thrown away at the consumer and tmecbmbustion (see excel sheet).
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Paper box

One paper box weighs 700 g and contains 7 kg ketflic produce one box 6 MJ biomass is used as
feedstock and 2 MJ oil, 2 MJ natural gas, 2 MJ epal 3 MJ electricity are used. The lettuce is
transported in paper boxes from cultivation toestdm the store the boxes are thrown away and then
used for combustion (see excel sheet).

Production of poinsettias — description of the system and input data

Plantation

The cultivation of poinsettias starts when cuttiags taken from the mother plants. The
cuttings are put in Jiffy7-pots. The Jiffy7-pot etsts of dried peat and some coconut. One
cubic meter peat is enough for 10 000 Jiffy-pottetlings. The energy use is 100 kWh
electricity and 180 MJ oil per 1000 plants. To pritthe poinsettia plants from fungi, 0.16 kg
fungicides (active substance) are used per cubiermépeat. The amounts of fertilizer used
are 0.3 kg N, 0.3 kg P and 0.2 kg K per cubic metgreat.

Transport, plantation-cultivation

The plants are transported by truck and the enssggumption is 1,87 MJ diesel per tkm and
the distance between plantation and cultivatiorOikm. The plants are transported in plastic
boxes that are used several times which make tieoemental impact insignificant and
therefore production of these boxes are not indudehe study. One plastic box weighs 5 kg
and contains 100 plants, which weigh about 0.08dah.

Cultivation

The cultivation of poinsettias takes place in gheerses. The 10007greenhouse consist of one layer
glass without insulation. 17 600 rooted cuttingh e planted in the greenhouse week 34. The energy
use for the greenhouse is 26 500 kWh electricity@6v 800 MJ oil. During the total time of
cultivation approximately 50 cubic meter of watex ased for the poinsettias and the drainage is
estimated to be 30%. If necessary, insecticidesisad, i.e. Admiral. With two treatments per season
the amount of insecticides will be ca 0.37 grantiyacsubstances) for 17 600 plants. To protect the
poinsettia plants from fungi 0.16 kg fungicidestifae substance) are used for 17600 plants. Every
cultivation pot contains roughly 500 &substrate. From the substrate every plant is adaddd0 mg

N, 43 mg P, and 90 mg K. The irrigation water ignested to add to the plant ca 527 mg N, 84 mg P,
and 407 mg K after the drainage has been dedugteidsions from poinsettias plantation are very
hard to estimate because the emissions to a gudadne caused by the irrigation system. About 2% o
the poinsettias are wasted during the cultivatioth @mposted (the emissions when composting one
poinsettia are about 0.03 g ¢ahd 0.05 g N).

The poinsettias are planted in plastic pots (sastipl pot) and packed in paper boxes (see papgr box
when they are transported from the greenhousewEight of one poinsettia is assumed to be 0.4 kg.

Transport, cultivation-wholesale dealer
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The plants are transported by truck and the ermsggumption is 1,87 MJ diesel per tkm and the
distance between cultivation and wholesale deal20ikm.

Wholesale dealer

The poinsettias are reloaded when they get to tiidesale dealer in the afternoon and are stored in
trailer for the night (about 12 hours). The climetatrol of the trailer is used during the nightidhe
energy consumption is about 5 liters of dieselg#ehrs. In the trailer about 5 000 poinsettiasman
stored. The poinsettias are transported to the #tepext morning. The heat value for diesel is 36
MJ/liter.

Transport, wholesale dealer - store

The plants are transported by truck and the enssggumption is 1,87 MJ diesel per tkm and the
distance between wholesale dealer and store i&®00

Store

The electricity use is assumed to be 0.15 MJ aadligtrict heating corresponds to 0.1 MJ per
poinsettia. About 4 % of the poinsettias are regdras non-marketable in the store and composted
(see above). The paper boxes that the poinsetées tnansported in are wasted in the store and used
for recycling (see excel sheet; recycled paper.box)

Transport, store-consumer

The transport between store and consumer is thedifbsult one to estimate, since the
parameters are so uncertain. Here we assume thdistiance is 5 km, 50 % of the transports
are done by car, the amount of articles bought &awhis 15 kg and that two poinsettias are
bought one at a time. The petrol consumption i5®]&er for 10 km driving. The heat value
for petrol is 36 MJ/liter.

Consumer

The loss in the home, i.e. poinsettias that damvige until Christmas Eve, is estimated to be
3 %. When the poinsettias have withered, they angposted (see above) and the plastic pots
are thrown away and used for district heating ésesel sheet; combustion of plastic pot).

Plastic pot

The plastic pot weighs 18 g each. To produce oastiplpot 0.9 MJ oil and 0.45 MJ natural
gas are used as feedstock. The electricity usttkiproduction corresponds to 0.45 MJ.
When the plastic pot is used, it is thrown awathatconsumer and used for combustion (see
excel sheet; combustion of plastic pot).

Paper box

The poinsettias are transported in paper boxes @udtivation to store. In the store the boxes
are thrown away and recycled. One paper box wed@Bsy and contains 8 poinsettias. To
produce one kg of paper box from recycled papérkd.of recycled paper has to be used
(due to the wear of the fibres in the paper). Tinergy consumption for producing one kg of
paper box from recycled paper is 3 MJ electricity MJ oil and 3.8 MJ coal. To produce one
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“new” paper box 1,7 MJ biomass is used as feedstadkthe energy consumption are 0,6 MJ
oil, 0,6 MJ natural gas, 0,6 MJ coal and 0,9 Mdteiaty.
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