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ABSTRACT

In the light of near future compulsory LCA based-belling in France, the LCA literature on majopical
food imports was reviewed. About 70 studies cogefime food product categories were considered.e@las
tions were similar across these categories ofsfranitd vegetables, rice, stimulant beverages, Velgetéls and
animal products: most assessments are either Ip@ftien one or two impact categories), or lackoaprehen-
sive description of the methodology and data ukea@ddition to this scarcity of comprehensive LOdies,
methodological weaknesses are generally obsergpecilly regarding the failure to consider farmaygtems
diversity, the lack of specific methods and datatfeir inventory (especially field emissions), thiesence of
crucial environmental indicators for tropical syagesuch as biodiversity and water use. The statbeoért of
tropical food product LCAs is too immature to ermhl fair assessment of these products in an eetliap
program. Specific methodological issues and keylemges for research arising from this review aseubsed.
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1. Introduction

To promote the best consumption patterns towargs@mental performance, the French
government has recently released a regulation fencljcle assessment (LCA) based eco-
labelling for all products, to enter into force byly 2011. National working groups were cre-
ated to elaborate harmonised guidelines for eacyat category. One group focuses on food
produce. In this arena, the shortcomings of theettirapplication of LCA to food produce are
suddenly being discovered and debated amongsthstialezs with uneven understanding of the
methodology. Beyond methodological issues, a nea af trouble has emerged: how should
imported produce, especially those from tropicas@mi-arid regions (rice, cotton, coffee etc.),
be assessed? These tropical products can rep@seajor part of imported commodities to
Europe and their market is expanding. France is2tfiéargest rice importer in the European
Union (EU) and yearly rice intake per capita inrfe@ grew from 4kg to 5kg over the last 20
years. In 2007, France also imported some 700 &bffée, cocoa and tea, and half of its fruits
consumption and one third of its vegetables. Rndle EU is among the three largest world
importers of palm oil. Moreover, a tremendouslyr@asing demand for oil seed crops is driven
by livestock production. Animal products are notamuexported from tropical countries to
Europe notably due to sanitary barriers. Still,tperthe environmental impacts of livestock
production in France is due to feed productionrapical countries, especially soybean meal.
LCA application to tropical food produce is receMiost references and models used in LCA
studies have so far been developed for tempergieng What are the data and studies avail-
able for LCA of tropical food? Are the methods amddels developed in temperate regions
adapted or adaptable to tropical commodity chaingRis paper, we review the available litera-
ture for major product categories. On this basigiitéical analysis of the scientific relevance of
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using LCA for Eco-labelling of food produce in Epmin the current state of knowledge is
proposed and recommendations are made.

2. State of theart for LCA applied to the main tropical food products

For five major tropical product categories, papeese reviewed and are summarised in the be-
low sections. For each product, a reference stumlyselected and is summarised in table 1.

2.1. Fruits and vegetables

Fourteen LCA studies for fruits and vegetables vemlected. Eight papers studied tomato
in Mediterranean countries, 3 related to citru§jrain (Sanjuaet al., 2005) and Italy. Medina
et al. (2006) proposed a first scoping study on tomatthéntropics. In Brazil, CETEA contrib-
uted to frame the LCA of oranges for juice by pradg a comprehensive assessment of eco-
nomic flows at farm level (Coltret al., 2009) and by developing a simple methodology for
their inventory (Mouracet al., 2007). Tomato in Mediterranean passive greenhsystems
showed most references (Antéral., 2005). Generally speaking, direct emissionseid fievel
were estimated through generic emission factorgemeral inventory calculation methods for
agricultural products. Only the IRTA team in Cabr{Bpain) produced specific methods and
data for assessing greenhouse systems with LCAedlgeegarding nutrient emissions, toxic-
ity and land use assessment. In the majority adistureviewed, water use and biodiversity
were not assessed due to a lack of consensual chetho

2.2. Rice

While there is abundant literature on the assessofagreenhouse gas emissions from irri-
gated paddy fields, few studies applied the LCAhudblogy for assessing potential environ-
mental impacts of rice production in Asia, wherestmoroduction takes place. Most published
research essentially focused on Global WarmingriRialgMishima et al., 2005; Harada et al.,
2007; Hokazono et al., 2009) or even only on greasd gas (GHG) emissions per se. More
indicator-inclusive research have been performedhailand by Yossapol and Nadsataporn
(2008), Kasmaprapruet et al. (2009), assessing atifact categories. Facing current paucity
of studies, LCA-based labelling of rice or the meoenparison of impacts are further hindered
by discrepancies between studies, in terms of sydieundaries, functional units (mass of
milled or un-milled rice), impact categories, aneé® reference units as per category. Further,
methods used regarding GHG emissions remain oftspacified or not local-based. Also, wa-
ter use remains commonly unaddressed. Finallyageeproduction systems under considera-
tion grossly overlook the actual diversity of fieldd farm situations.

2.3. Stimulant beverages

The LCA studies for coffee and cocoa used simil@tesn boundaries from plantation to
consumption, while the quality of inventory dataigd from fine detail (Coltro et al., 2006;
Ntiamoah & Afrane, 2008; Humbert et al., 2009) retying mostly on literature and database
(Salomone, 2003; Flysjo & Ohlsson 2006). The keglleimge of using LCA for eco-labelling
of coffee and cocoa products resides in accourfiinghe diversity of producing countries
spanning Latin America, Africa and Asia, cultivatisystems: shaded, organic (Coltro et al.
2006), and transformation technologies. The thréa Istudies of coffee identified cultivation
and consumption as the most impacting phases diféheycle, respectively due to fertilizer
use and related GHG emissions, and due to enegggndwaste when brewing coffee. Conse-
quently, these studies could be used as a firstypiar eco-labelling of coffee. However, since
coffee and cocoa marketing tends to rely on enwviremtal/fair-trade certifications, the devel-
opment of an eco-label that differentiates prodbgtsountry of origin, cultivation system and



Table 1. Main characteristics and results for eig@e&rench eco-labelling indicators from refereb€& studies for a panel of products

Fruitsand vegetables Rice Stimulant bever ages Vegetable oils Soybean Animal products
Tomato Orange Coffee Cocoa Palm Sunflower meal Milk Beef
Nb ‘i";t”d' 9 5 7 4 1 14 1 3 9 2
Ntiamoah
Reference Anton et al., Sanjuan et al., pKﬁJZT:tp ;?' Hgtm atl)ert & T—:J:r?geﬁ Iriarte et | Dalgaard et 52?;6; Ogino et al.,
study 2005 2005 2009 2009 A;rggéa, 2007 al., 2010 al., 2008 al., 2009 2007
Brazil, New
Country Spain Spain Thailand | Columbia,| Ghana Malaysia Chile Argenting Japan
. Zealand
Vietham
Functlpnal 1 kg tomato 1 kg orange 1 kg'mllled lkgcof- | 1kgco- | 1 ton_crude 1ton 1 kg soy- 1 kg milk 1 kg meat
Unit rice fee coa oil seeds bean meal
System Cradle-to-farm-| Cradle-to-farm- | Cradle-to-mill- | Cradle-to-| ©24€" | cradie-to- | C2d€ | cragle-to- | Cradle- Cradle-to-
to- . to-farm- to-farm-
boundary gate gate gate grave mill-gate Rotterdam farm-gate
chocolate gate gate
Allocation N/A N/A Syster_n expan- N/A _ Not Syster_n N/A Syster_n Econor_nlc No allocation
rule sion included | expansion expansion | allocation
Greenhouse Fromin- | National National
Technical il . Average farm | Average prac- dustrial L National statistics + re-| Literature records +
farmdata SOIIESS IeCICU- 5 literature | tices observed ustria statistics, . ferences review management
lation trial partners | expertise | Literature manuals
- review
. ) Nutrient . . . Local DB,
D|r_ect_f|eld N/A balances + lite- As_lan and ther_ature, Models Models Nutrient I\_/Iodels T 1 literature +
emissions Thai refernces| Ecoinvent balance literature ]
rature Ecoinvent
890
Climate 1.93-2.93 22-14 320 300gCQO,. | 646 -933| 36.4 gCO..
81.49CO0.. 290gCO0.. 1.1-3.2Pt| kgCO..
change 9C0:q 9COea | kgCOreq | kGCOseq | GCOseq g o gCOs.eq o
ec
Eutrophica 0.1 15-320| 1.0 9.0 - 100 1.59 -
: i ; 1.95gPQ,. 12.9gNOs. ’ i 1.5-2.7Pt . 2.93 59.2gPQ,.
tion GPOreq 9PQreq INOsea | gPOLeq | GPOLeg (OPOes | ONOseq | gy, | 29 P
Aqua: 5.35 Terrest.: 4.4 g1- 0.6-5.1 Human: H
4- .b-0. 5.1 uman: 130
Toxicity | K9ZNeqwaten | ; g pesti- 16.7-33.7 ; ; -
Terrest.: 134.1| dichlorobenzene cides kgDCB. Pt kgDCB.eq
kg Zneqqair ec ec
Water use 225L - - 0.2-48L - - 160 tong - - -
Biodiversity - - - - - - - - - -




type of use (instant, drip-filter, etc.) will beafsl in the long term, for which more detailed
studies appear necessary.

2.4. Vegetable oils

Eighteen LCA-based studies were reviewed for trapiegetable oils. Among them,
palm oil is clearly the main depicted commodity ichaith 14 references (Yusoff and Han-
sen, 2007; Schmidt, 2010). Indeed, palm oil isdgrglominating the world market of vege-
table oils. Moreover, interest has arisen in ugiatm oil for biofuel purposes. Thus most
palm oil LCA (9 out of 14 studies) are only focusad energy consumption and/or green-
house gas emission indicators. Palm oil productiomes along with several co-products
and the allocation rules applied are very divevsith a potentially high influence on LCA
results. Inventory data is generally site-spedific agricultural practices or transformation
processes but comes from international databasemnfission mechanisms and background
processes. International round tables exist the¢ led to define consensual good manage-
ment practices for sustainable oil production (RSRORS). A co-development of these
qualitative guidelines together with a quantitatagsessment through consistent LCA is
needed to reach the eco-labelling target.

2.5. Animal products

Reviewed studies were conducted in Asia for pori (@nd Kuo, 2008), beef (Ogireb
al., 2007) and milk (van Kernebeek and Gerber, 20@8Rpceania for milk (Basset-Mers
al., 2009) and South America for poultry (Spitsal., 2002). No Africa-specific studies
were found. The majority of studies are “cradldaon-gate” LCAs. An exception is the re-
cent report of FAO (2010) who considers milk praitut and processing for main regions
and farming systems of the world. Studies basetboal data and mechanistic models are
scarce (Basset-Mems$al., 2009). They mainly refer to management manuadgoarinterna-
tional standards (Oginet al., 2007). Global warming is assessed by all, whevestsr use
and biodiversity were never considered. Key chalsnin applying LCA for eco-labelling
tropical animal products reside in the provisiorra@fable local data and in some methodo-
logical adaptations needed. Tropical livestock eyst are mainly low-input, manual and
mixed systems. They provide services for crop @t/ (animal draught and organic fertil-
iser). Consequently system boundary must be erdarge

3. Discussion and conclusions

Overall, among the 70 papers reviewed in this s{udy all cited due to size constraints),
most were either presenting partial LCA (with ometwo indicators), or lacked a compre-
hensive description of the methodology and datal especially in the case of proceedings
papers. Although, reference studies were seleatddcauld provide first proxies for most
indicators selected in the French eco-labellingessh (Table 1), our first general conclusion
from this review is the scarcity of comprehensiv@ALstudies for tropical agricultural prod-
ucts. A second important observation relates tontie¢hodological limitations and weak-
nesses of the available studies, especially reggrdie failure to consider farming systems
diversity, the lack of specific methods and datatfeeir inventory (especially field emis-
sions), the absence of several crucial environnhémdécators for tropical systems such as
biodiversity and water use. On the basis of the fivavious statements, we consider the state
of the art of tropical food product LCAs as too iatore to enable a fair assessment of these
products and its use in an eco-labelling program.



Many tropical farming systems deeply differ fronnnféng systems in temperate regions,
from social, economic, cultural and environmentispectives. They often show an extreme
diversity of farming situations with many being lemput and manual systems. They use
preferentially natural and on-farm produced resesird-urthermore, they often interact or
compete with a still pristine environment compateaur temperate habitats. In most farm-
ing regions in tropical countries, the competition land and water poses the challenge of
biodiversity preservation in crucial terms. Moregveith very specific conditions of sail
and climate (and maybe more acute vulnerabilityg, knowledge on the interaction between
farming systems in the tropics and the environnserims more disperse and scarce. Specific
methodological issues and key challenges for rebesmise from these specificities.

At a mid-term horizon, to produce “classical’ LCAidies (consensual indicators) for a
range of typical products from the Tropics, thédwaing aspects should be given emphasis:

» A protocol for designing and characterizing typi¢alming systems at a given scale
should be developed

» System boundaries should be enlarged to includeahuamd animal labour as key
sources of energy. Harmonised assumptions mustthgsfor the definition of tempo-
ral system boundaries in regions subject to lamiersion;

» Best available knowledge on direct field emissimesn farming systems in tropical
conditions should be explored and included intoamretiable and specific LCI data;

e Some local initiatives for developing backgrounagasses inventory databases for
tropical countries and supply chains should be sttpgd;

» Water use should be included systematically acogrthh up-to-date method from the
UNEP-SETAC initiative.

Long-term propositions relate to:

» The development of adapted characterisation maatedsfactors for regional impacts
such as eutrophication, acidification and toxicity;
* The development of a consensual method for biosiityeassessment.

All these actions will not be possible without #teong involvement of technical and sci-
entific partners in the tropics. For a consistami guick development of LCA for tropical
countries, a global and active scientific networkl goartnership is needed between North
and South countries.
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