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Introduction

The increasing demand for animal products in deuelp countries presents opportunities, but alsoossr
challenges to the socio-economic and environmestetainability of animal production systems Redearc
concerning (sub)tropical animal nutrition has f@emg mainly on the optimisation of the nutritionabperties of
animal diets. Especially in (sub)tropical regiowkere many developing countries are located, swtdity issues,
such as soil conservation and biodiversity, shbaldonsidered thoroughly in order to maintain tientary basis
of the local population in the long run.

In recent years Life Cycle Assessment (LCA) has/@doto be a useful tool to assess the integralremwiental
impact of agricultural production systems. The L@#ethodology has been standardised internationd8p (
14040:2006, 1ISO 14044:2006) and the UNEP/SETAC Ciele Initiative is pressing towards defining wiwide
recommended practice and guidelines for LCA appboa In temperate zones, LCA has been appliedsess the
environmental impact of different animal productisystems, e.g. comparison of conventional and @cgdairy
systems or different animal diets. In (sub)tropimalintries, LCA studies concerning animal productio not exist.
LCA studies in temperate regions and related LGAliss in (sub)tropical areas, however, provide eddoasis for
the application of LCA in (sub)tropical animal pradion. For example, LCAs on soy bean productioBriazil are
included in LCAs of European animal products, beeasoy bean meal is used as animal feed. In additiGA
studies on bioethanol production in Mediterranead &opical regions can provide useful data coriogrrithe
environmental burdens of crop cultivation, e.g. athand corn. These crops or their by-products emgoitant
supplements for livestock in (sub)tropical areasaification of the integral environmental impa€t(sub)tropical
feed ingredients is of importance for sustainaleeetbpment of (sub)tropical countries, and to iaseequality and
tracebility of LCAs of European food chains. Yatrent LCAs neglect several environmental problepecific to
emerging and developing countries, such as sasi@npsoil fertility and biodiversity.

This paper i) describes the steps involved in al Lig gives an overview on existing publicationsncerning the
use of LCA in (sub-)tropical agricultural productjdii) points out which aspects have to be spealify taken into
account when assessing the integral environmenizdt of (sub-)tropical feed ingredients.

Structure and components of an LCA

An LCA practitioner tabulates emissions to the emwvnent and resource consumption at each stage ilifeé cycle
of a product, including raw material extractionselgy acquisition, materials production, manuféaotyruse,
recycling and ultimate disposal (Rebitzer et @04). The goal and scope definition implies a dpton of the
product system in terms of the system boundaridgf@nfunctional unit (e.g. weight or volume of guat), which
allows to compare and analyse alternative goodeiices (Rebitzer et al., 2004). Subsequentlylifineycle
inventory (LCI) includes compilation and tabulatiathenvironmental emissions and resource usellfzina the life
cycle impact assessment (LCIA) stage, the poteatisironmental impact of a product is computed iatetpreted.
Impact categories include e.g. climate changetastpheric ozone depletion, photooxidant formatsmdg),
eutrophication, acidification (Pennington et a002). According to ISO 14042, the LCIA standararéhare three
broad groups of impact categories that should kentanto account when defining the scope of an lSQAly:
human health, natural environment (resources &aduipport functions, climate regulation, soil ifégf), and man-
made environment (e.g. forest plantations).

Status of LCA studies on animal production in teraperegions

Initially developed to assess environmental impdédhdustrial processes, LCAs in agriculture haeerbcarried out
mainly for single crops or production of artificiartiliser. Since 2000, LCA has been applied ®eas the
environmental impact of different animal productgystems in several case studies — however, ongniperate
regions. In Northern Europe, ‘cradle to farm-gat€A studies have been performed for a variety dfnahproducts



(Halberg et al., 2005; Berlin, 2002; de Boer, 2008sey and Holden, 2006b; Thomassen at al., 200@ydition,
meat production has been compared with plant bas#din production based on LCA (e.g. Helms andrgk
2003, Aiking et al., 2006, Baroni et al., 2007, Bin; 2005). As an example for the results of LCAd&s
concerning animal production, Cederberg and St0i93) emphasise that beef production in combinatiith
milk production (surplus calves) can be carriedwitlh fewer animals than in sole beef productiostegns, thus
reducing the environmental burdens per product tmitne with this; Casey and Holden (2006) sthte a
continued increase in specialisation of the daiy #he beef sectors would make it difficult to red GHG
emissions. The advantages of less intensive antioeh systems should be kept in mind when dealiitly w
(sub)tropical animal production systems, whereralmoation of milk and beef production is very fregtiand
livestock needs to be seen in the context of ldigelihood systems (Sumberg, 2002). De Boer (2@@8jcluded
that results of these different LCA studies canb@tompared directly, because of differences stesy boundaries,
allocation procedures or normative values used rgipect to Ckland NO emission. This shows that even in
northern countries, where LCA in agriculture iseally established, further harmonization of the L@&thodology
is needed in order to increase the comparabiligiftérent studies. Currently, LCA studies of animpeoducts are
expanded to the full food chain by including tte tycle stages of product processing (Berlin.e2@07),
packaging and transportation of products to thesbbalds (Sonesson and Berlin, 2003). The inclusi@uditional
life cycle stages again emphasises the importahkarmonisation of the LCA methodology.

Agriculture-related LCA studies in (sub-)tropicaivironments

As mentioned above, in (sub)tropical countriesteltoes not exist any LCA study concerning animatlpction,
but LCA studies in temperate regions and related k@dies in (sub)tropical areas provide a goodsifas the
application of LCA in (sub)tropical livestock nutan. Sanjuan et al. (2005) analysing orange prtdiadn Spain,
point out that there is a lack of environmentabmfiation for agricultural LCA in subtropical reg®and a need to
adapt some aspects of impact methodology to thieapibal soil and climate characteristics. In thiédwing, we
review the inclusion of certain impact categorieé CA studies related to our subject, which coulovide a good
basis for the application of LCA in (sub)tropicaimal production.

Energy consumption

Energy consumption should be included in (sub)t@plLCAs, as there exist large differences betweeme

extensive animal production systems without pedgigiand fertiliser application and based on anitrzadtion,

compared to intensive animal production systems ithaort concentrate feed from other countries. ekergy
consumption is comparatively easy to assessijritladed in most of the LCAs, e.g. in LCA papersicerning bio-
ethanol (Blottnitz and Curran, 2007; Tan et alQ£20MNeiss et al., 2007), coffee production (Coéita@l., 2006) and
apple production (Mila i Canals et al., 2006).

Ecotoxicity and human toxicity

Ecotoxicity and human toxicity were considered imecand three of the LCA papers concerning bio-athan
respectively, reviewed by Blottnitz and Curran (ZD@ederberg et al. (2005) point out that pesticide could be a
major environmental problem in (sub)tropical sopduction for pig supplementation. Mila i Canalsaét(2006)
found that human toxicity related impacts in apmeduction in New Zealand were dominated by emissiaf the
synthetic pesticides used in IFP. Humbert et &l0{, who evaluated the impacts of the 30 actilEstsunces most
used in Costa Rica using two models originally digyed to support comparative assertions in theesordf LCA,
emphasise that it would be possible to achieve% B&duction of human toxicity and a 75% reductiéraguatic
ecotoxicity due to pesticide used in Costa Ricau$sing on only six active substances of the 30t mmmmonly
used.

Soil erosion and fertility (incl. desertification)

Soil parameters can be included in several impatetigories of LCA. Up to now, soil parameters aréntgaised for

computing the eutrophication potential, by incligithe NP balance (e.g. Kinjo et al., 2005). Onlg ofithe papers
concerning bio-ethanol reviewed by Blottnitz andrf@n (2007) included soil health in the impact gaty land

use. The environmental impact of agricultural systés usually assessed based on nutrient balarfeenatievel;

however, nutrient losses during production of famputs (i.e. concentrates, artificial fertiliserapyd N-fixation by
leguminous plants (the main N-source e.g. in orgdairy production) should also be taken into act¢De Boer,

2003). Especially in (semi)arid regions, there hgh risk of desertification due to unsustainadgiculture. Civit

and Arena (2006) from Argentina emphasise thatrtiisation should be taken into account in LCA imgluding

e.g. (changes of the) vegetational cover as arcatal. Mila i Canals et al. (2007) recommend a isbast

framework based on soil organic matter as a sirbpterobust approach for the LCIA of land use octigpaand

transformation impacts affecting life support fuoos; however, they recommend using this methodagdwin

combination with a proper assessment of the impattsiodiversity.

Water consumption

In spite of the evident relevance of water and lasel in terms of impact to human and ecosystenthealequate
methods for assessing water consumption in LCAstHemissing. Water is listed as input parametettie Life



Cycle Inventory phase (ecoinvent 2006), the phasehich resource uses and emissions are quantbigdonly
little differentiation is made into various typebwater uses. Even less attention is given to waserin the Life-
Cycle Impact Assessment (LCIA) phase, in which siniss and resource uses are grouped and comparediiag
to their environmental impact. So far, water researhave mainly been described qualitatively (Ow20@2) and
on the basis of politically defined environmentaigets (Frischknecht et al. 2006). Chapagain €Ra06) propose
the inclusion of avater footprint. Heuvelmans et al. (2005) recommend to introducevaimpact categomegional
water balance in order to cover water quantity impacts; howevbey fear that the increasing data requirement
might hinder the feasibility of their method, amii$ recommended developing a simpler numerical hibdéecan
calculate the indicator scores from more easilyesasible data. There are promising first attemptsictude water
consumption in (sub)tropical LCA, e.g. Le6n and &m(2007) analysing the water consumption of cbagn and
potato in Guatemala, and Coltro et al. (2006) dnglycoffee production in Brazil. However, in most the
(sub)tropical LCA studies, water consumption is gimg (e.g. Blottnitz and Curran, 2007). This gamdequate
methods to assess water use has been recognised NEP/SETAC Life Cycle Initiative, which estadfied an
international working group on “Assessment of waise and consumption within LCA” recently.

Land use and biodiversity in LCA

So far, in most of the LCA studies, only land ocatign in terms of area used for the production afegain
functional unit is included (e.g. Coltro et al.,0®). In order to be able to account for ecosystenvices of
agricultural and grazing land and to differentibetween extensive and intensive land use, consemsi®w to
include biodiversity in LCA is essential, espegiah the (sub)tropics, where plant and animal speciiversity is
very high, thus resulting in substantial differentetween e.g. virgin forest and intensive agnizelt Methods for
assessing land occupation have been made opetatigiién the framework of LCA. However, also these
approaches need further development, as they mitedi to the European continent only and therefaok the
ability to address the particular needs of emergimgntries. In LCA, indicators were proposed foe@ps diversity
and ecological diversity, mainly focusing on vaseylant species (Lindeijer, 2000; Koellner and @zl2007), and
they are not yet available for other regions of wweld. Therefore, land conversion and effects muiversity are
usually not included in (sub)tropical LCAs (e.gniG et al., 2005, Sanjuén et al., 2005, Yusoff biachsen, 2007).
None of the papers regarding bio-ethanol productiewiewed by Blottnitz and Curran (2007) considered
biodiversity.

Conclusions

Up to date, the application of LCA to agriculturgshconcentrated mainly on industrialised countias temperate
zones, and few LCA studies have been conductedeasarelated to (sub)tropical agriculture. Datagdet® and
methodology developed for the temperate zone neelet adapted to (sub)tropical systems. Pilot ssudies
necessary to investigate how LCAs of (sub)tropagiimal production systems can be implemented anahiat
extent new developments in terms of methodologydatd collection is needed. Therefore, publicatimmscerning
LCA in animal production, existing (sub)tropical AGtudies in related areas, and existing LCA daebahould
be reviewed. LCAs on (sub)tropical agriculture dbospecifically include soil erosion and fertilityyvater
consumption and biodiversity, in addition to thepant categories usually included in LCA studiesnéwning the
integration of biodiversity, there are already fbksexisting methods at least for European cood#j while more
efforts are needed to develop simpler models oicatdr sets to include soil erosion and water comngion in
(sub)tropical LCA. For other impact categories, t@A databases developed in Europe can be adaptedeal
directly, e.g. energy use. LCA can help to imprdhe ecological — and thus also long-term economieal
sustainability of animal production in the tropiaad subtropics, both by improving the marketabibify more
sustainable produced animal products and by guidisgarch and policy in a more sustainable directio
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