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ABSTRACT

The aim of this study was to analyse greenhouse gas emissions (GHGE) of more than 100 foodstuffs from
two organic production methods in agriculture as compared to conventional farming in Austria, The system
boundaries of the life-cycle study range from agriculture and its upstream supply chain to the retailer, includ-
ing changes in soil organic carbon (humus) and land usc change. In conclusion, all organic products showed
lower GHGE per hectare but also per kg of foodstuff than comparable, conventional products. Organic dairy
products resulled in 10 w 21 % lower COz-eq per kg of product than conventional foodsiulls, organic wheal
bread 25 showed % and organic vegetables showed 10 10 35 % lower COz-eq per kg of product.

Kevwaords: nrg;mic farming, dairy, vegetahles, bread, retailer, LCA, GHG

1. Introduction

The consumer’s choice in quality of foodstuffs can influence greenhouse gas emissions
(GHGE) from the food sector (Burdick and Waskow 2009). Organic agriculture is contradic-
torily discussed as a possible way to reduce GHGE (c.g. Hirschfeld er al. 2008). Howcver,
the mitigating effect on GHGE per kg of organic products is unclear especially under super-
markel conditions. The primary goal ol the present study was Lo compare GHGE ol organic
foodstufts with conventionally grown ones. All balanced foodstuffs are retail products, proc-
essed and marketed by nationwide supermarket companies in Austria.

2. Materials & Methods

To date, 102 foodstuffs from organic and conventional agriculture, respectively, have
been subject to comprehensive CO,-balancing (product carbon footprint, PCF). The PCF in-
cludes all relevant greenhouse gases (Carbon Dioxide, COz; Methane, CHy: Nitrous Oxide,
N-0) in COs-equivalents (COs-eq) according to TPCC (2006) and IPCC (2007) guidelines
and is closely based upon the eco-balance guidelines ISO 14040, ISO 14044 and PAS 2050
standard. The system boundaries range from agricultural production to retailers. including
the upstream supply chain (e.g., production ol [ertilizer, pesticides or seeds) as well as proc-
cssing, packaging, storage and all transports up to and including retail (Tigure 1).

Generally, GHGE from dairy products, bread and vegetable products were calculated for
three different methods ol agriculiural production and [urther processing:

*  Organic premium brand ,.Zurlick zum Ursprung* (Bio-ZZU)
®  Organic EU-standard, according to regulation (EC) 83472007 (Bio-EU)

* Corresponding Author. e-mail: thomas lindenthal @ [ibl.org; Tel: 0043-699-103 80 080
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Figure 1: System boundaries lor calculation of GHGE [or breads vegelables and dairy products .

Modclled farms were assumed to come from the same region as the Bio-ZZU farms con-
sidered. As a result, climatic and geographical conditions for production are similar among



the production systems. The conventional method of production was modelled with regard to
the Ausirian agrarian environmental programme.

The organic brand ,Zuriick zum Ursprung® belonging to the supermarket chain
Hofer/Aldi Stid provided primary data, which was the basis for an Auvstrian-specific ,.super-
markel standard”. This includes transporl, processing, packaging and distribution being used
in the same manner for all three methods of production except the usc/technique of partly
baked frozen pastries, which is not practiced in Bio-ZZU.

Furthermore, secondary data from GEMIS (2007; v4.42 and v4.5), Ecoinvent v2.0
(Ecoinvent Centre 2007) and approximately 200 relevant national and international publica-
tions and statistics were consulted (important statistics and data bases, not further consid-
ered/described in this publication, were: BMLFUW 2005, BMLFUW 2006a, BMLFUW
2006b, BMLFUW 2007, BMLFUW 2008a, BMLFUW 2008b, Bokisch 2000, Carlsson-
Kanyama and Faist 2000, Hiilsbergen 2002, LCA Food DK 2002, 1.FI 2007, Mider e al.
2002, Niggli e/ al. 2008, OPUL 2007, PAS2050 2008, Statistics Austria 2008).

This detailed database enabled the study Lo take the specific production conditions in Aus-
tria into consideration, as well as the current level of knowledge about GHGE. Unlike most
PCF found in the literature, two further items land use change (LUC; GHGE-source) and
changes in humus (GHGE-source or -sink) were included in the analysis based on Horten-
huber et al. (2010) with minor modifications.

Why consider changes of soil organic carbon (humus)? — The sequestration of CO, in
soils due to humus increase in organic farmland has been scientifically documented in many
cases (l.e. Niggli er al. 2009, FlieBbach er al. 2007) and has been incorporated in the PCF of
this study in detail. A study from Bavaria (Kiistermann ef al. 2007) outlined a — for Austria
relevant — point of reference: On average 400 kg CO, per ha and year were found to be se-
questrated in organic farmland. In contrast, conventional [arming leaded (o a humus decrease
of 202 kg CO, per ha and year per year (Kiistermann er al. 2007). Tn both cascs, CO; scqucs-
tration and release were assumed to proceed only a few decades but were actually related to a
100 year ime-scale.

Why consider land usc change (ILUC)? — Austria imports large quantitics of soy, uscd in
conventional animal feed, primarily from Brazil (partially also from Argentina, AGILES 20035).
On the other hand, the quantity of organic soy imported from South America for organic ag-
riculture is assumed to be small. The organic brand Bio-ZZU does not import any soy from
South America. Soy cultivation in tropical regions, particularly in Brazil, contributes to the
continued destruction of tropical forests. This causes, inter alia, huge CO--emissions, much
higher than those caused by the transportation of soy from Brazil to Austria. The GHGE of
this ecologically threatening land use change (LUC), contribute to 15-20% of global CO;-
emissions, more than the total emissions of global agriculture (Smith er al. 2007/IPCC).

3. Results

All organic products (Bio-ZZU as well as Bio-EU) display lower GHGE per hectare but
also per kg of foodstuff than comparable, conventional products:
*  Dairy products: 10-21 9 lower CO-eq per kg ol dairy products
¢  Wheat bread: 25 % lower CO;-eq per kg of bread
®  Vegetables: 10- 35 % lower COsx-cq per kg of fresh vegetables

3.1 Dairy
Despite the lower milk output of organic cows, 15.7 % lower GHGE (CO;-cq) per kg of
fresh milk are emitted compared to conventional production (Figure 2). The lack or low pro-
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portion of soy from South America in organic feed is the main reason for the lower GHGE of
organic milk. Transportation causes only a small proportion, ranging [rom 5 to 8 % ol tolal
GHGE in all three considered methods of production.

3.2 Wheal bread

The production of 1 kg of organic wheat bread from Bio-ZZU results in 433 ¢ CO;-eq and
thus in around 25 % lower GHGE than comparable, conventional wheat bread (Figure 2).
One kg ol organic wheal bread produced lollowing the organic EU regulation also displays
22% lower GHGE. However, the emissions caused by agriculture and baking account for the
largest proportion of GHGE. The proportion of GHGE from transport is under 10 %.

Although the yield ol cereals and vegetables in organic agricullure 1s generally one third
to onc half smallcr than in conventional agriculture, GHGIE per kg of organic products arc
still 10-35 % lower. An important reason for this is the lack of nitrogen (N)-mineral fertil-
izer, as this requires high amounts of natural gas and crude oil during the production proc-
esses. Additonally, N-mineral fertilizer use causes considerably higher N>O-emissions than
compared to the mix of organic fertilizing methods with compost and biologically fixed ni-
trogen by legumes. According to IPCC (2006). the latter does not emit any N,O.

3.3 Onions

One kg of Bio-ZZU onions causes 139 g CO;-eq per kg along the entire supply chain and
results in a mitigation of 13.7 % of GHGE compared to the conventional product (Figure 2).
The example of onions demonstrates the low absolute CO»-eg-amount of most open land
fresh vegetables in contrast to dairy products (see also Fritsche ef al. 2007).

In the area of agriculture, both organic production methods for onions result in about 40%
fewer GHGE than conventional production. Again, the main reason is the lack of N-mineral
fertilizer and its consequences on soil-N»O-emissions.

GHGE [rom transports show 57 g COs-eq per kg and thus exceed the small absolute
GHGE from agriculture, GHGE from packaging arc rclatively high for vegetables (onc
fourth of total GHGE). The total mitigating effect of both organic production methods across
the whole supply chain are 13% (Figure 2).

4. Discussion

Due to environmentally friendly cultivation and the low use of readily soluble mineral fertil-
1zers, GHGE can be considerably reduced in/via orgamc agriculture. Moreover, through hu-
mus accumulation, CO, can be scquestrated in soil. This is also apparent in the lower GHGE
per kg of product. In terms of dairy, the practice in organic agriculture of (general) disuse of
soy [rom South America results in lower GHGE per kg ol organic milk (particularly due Lo
the absence of GHGE caused by land use change in Brazil). Hence the lower output of dairy
in organic farms is more than compensated for. The results demonstrate that as a conse-
quence of production and consumption of organic products, GHGE per capita can be reduced
considerably. In Austria, these GHGE mitigation effects are presented to consumers through
a packaging label on the entire organic product line of Bio-ZZU.
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Environmental impact of organic pineapple produc-
tion in Ghana: a comparison of two farms using Life
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ABSTRACT

This LCA analysed and comparcd the environmental impact of producing 1 kg of organic pincapples on [arm
Ao 1 kg on farm B. Environmental impact categorics considered were Global Warming Potential (GWTP);
Acidification Polential (AP); Eutrophication Potcntial (EP) and Erosion Potential (ErP). Resulls indicale that
farm B was more environmentally friendly than farm A with respect to all impact categories. The environ-
mental impacts per kg product for farm A were between 12% (GWP) and 85% (EP) higher. It is suggested
that farm A could improve its environmental performance by (i) replacing its organic fertiliser imported from
the Netherlands by locally produced composts and (ii) increasing its yield per hectare. More than 50 percent
of the impacts in the categorics GWP, AP and CP were due to energy-related emissions. Thus, ehergy use
should be considered when designing certification schemes or assessing the environmental soundness of agri-
culture production syslems.

Keywords: Life Cycle Assessment, eutrophication, acidification, global warming, erosion

1. Introduction

Pineapple (Ananas comosus (L.) Merr.) has become one of the successful alternatives to
timber and cocoa which have traditionally provided most of Ghana’s export earnings. Export
of pineapple from Ghana begun when prices of cocoa dropped in the 1980s (Adongo, 2008)
and is currently the leading seclor in the non-traditional export (GEPC, 2007). Organic pine-
apple production in Ghana started in the twenty-first century (Adimado, 2008) and is under-
taken by large company farms mainly for the export market. However, these farms contract
smallholder [armers who produce (o supplement the yields ol the company [arms.

The cnvironmental performance of organic systems is under debate and rescarch. Re-
ported negative environmental effects include nitrate leaching, ammonia volatilisation and
high energy use (Pretty, 1995; cited by Rigby & Caceres, 2001). Environmental, health and
social aspects are intrinsically related with the particular organic approach to farming, but
their evalvuation may require great efforts for data collection and analysis. Up to date, there is
limited information on the environmental impact of the organic pineapple industry in Ghana.
This study addresses this knowledge gap and provides a basis for future studies to compare
organic and conventional production systems.

* Corresponding author: cadebah@yahoo.com
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2. Materials and Methods

The study was conducted in the Eastern Region ol Ghana. Farm A is located in the
Asuogyaman District while Tarm B is located in the Suhum Kraboa Coaltar District. Aver-
age temperature for the two districts is in the range 22-37°C and average rainfall is 1200
mm/year. Agricullure is the main occupation in these districts with pineapple as an important
crop produccd

Cross-sectional information was obtained through a questionnaire. interviews and obser-
vations. The questions centred on general farm characteristics, farm inputs and production
practices, and harvesting and post-harvest handling. Responses were obtained from the re-
spective directors and farm managers. The following bodies were consulted: Ministry of
Food and Agriculture in Ghana, Ghana Organic Agriculture Network (GOAN), Sea-Freight
Pineapple Exporters of Ghana (SPEG), Ghana Export Promotion Council (GEPC), EOSTA -
the Dutch importer of organic fruits and vegetables, and Memon — a Dutch organic fertiliser
production company. Secondary data from records of farmers, government agencies, organi-
sations and literature were also used for this research.

LCA summarises and evaluates the inputs, outputs and environmental impacts of a pro-
duction system throughout its life cycle (Guinée er al., 2001). Its stages include: goal and
scope definition, inventory analysis, impact assessment and interpretation of results (Bau-
mann & Tillman, 2004).

This T.CA was proposed for developing a product and marketing strategy. The intended
audience were farmers, marketing companies, consumers and government agencies. It was to
(ind out the environmental strengths and weaknesses ol organic pineapple produced in Gha-
na. The functional unit was 1 kg of pincapples produced and the approach was “cradle-to-
gate”. The impact categories used were global warming potential (GWI), acidification po-
tential (AP), eutrophication potential (EP) and erosion potential (ErP). Some activities or
processes were excluded [rom the study due Lo the unavailability of relevant information and
data. These include production of capital goods such as machinery, personnel related envi-
ronmental problems (e.g. transportation), production and disposal of mulch material, and
production ol boxes [or packaging.

The inventory analysis consisted of the collection of data concerning resource usc, cnergy
consumption, emissions, and products resulting from each activity in the production system.
Each process was analysed in depth, and factors to be included were defined

Collected data were processed, and environmental impacts were computed. Subsequently,
environmental effects were assigned to the selected impact categories and quantified in terms
of a common unit for that category (characterization). Table 1 shows the impact categories,
units, contributing elements and characterization factors. For erosion potential, the Umiversal
Soil Loss Equation (USLE) (Wischmeier & Smith, 1965) was used. The equation is given by

A= RxKxLSxCxP (1)

where A = estimated soil loss (t/ha per year), R = rainfall factor, K = soil susceptibility to e-
rosion [actor, LS = topography [actor, € = crop management lactor, and P = erosion control
factor.

Finally, the results were analysed and evalvated, and conclusions and recommendations
were made.



Table 1: Selected impact categories with related units, contributing elements and characteri-
zation factors

Impact Cate- | Unit Contributing Characterization References

gory Elements Factors'

GWP kg COs-cquivalents | CO» 1 Baumann &
CH, 21 Tillman (2004)
N,O 310

AP kg SOz-equivalents | SO, 1 Baumann &
NH; 1.1471 Tillman (2004)
NO; 0.462

EP kg PO, -cquivalents | PO, | Baumann &
NO: 0.13 Tillman (2004)
NH;4 0.35

3. Results

3.1. General farm characteristics

Total land area [or [arm A was 100 ha compared o 367.2 ha [or [arm B but only 30 ha and
50 ha respectively were under pineapple at the time of the research. Land preparation activi-
ties are similar for both farms but farm B uses more fuel per hectare. Irrigation was practised
on farm A but not on farm B. Farm A uses NPK organic fertilizer produced in Netherlands
and imported whiles farm B uses compost produced on-farm. Soil on farm A was sandy loam
compared to clay loam on farm B. Yields per ha were 30 and 50 tons fresh weight for farms
A and B respectively. The low yield on farm A can be associated with low N (127 kg/ha) and
P (30 kg/ha) application which is below the requirements ol the pineapple plant (225-350 kg
N/ha and 150-225 kg P/ha, respectively; Nakasone & Paull, 1998).

3.2 Global Warming Potential

GWP results (Fig. 1a) indicates that farm A contributes 12% more to global warming than
farm B. The contribution of CO; on farm A is comparable with that of N.O, but N>O con-
tributes more than CO; on farm B. The results for methane are negligible. In total, producing
a kilogramme of organic pincapple fruits on farm A gives 0.15 kg CO,-cq compared to 0.13
kg COs-cq on farm B.

3.3. Acidification Potential (AP)

AP results (Figure 1b) indicate that farm A has a much larger impact than farm B. No
substantial sources ol NH; emssion were identified. In total, the AP per kilogramme ol or-
ganic pincapple arc 8.63x107* kg SO,-cq for farm A and 1.43x10™ kg SO,-cq for farm B.

3.4. Eutrophication Potential

Eutrophication results (Figure 1¢) follow the same trend as AP. Farm A gives more NO,
than farm B, while the emissions of NH; are negligible. The total emissions from the two
farms are 9.71x10° kg PO,-eq /kg fruits for A and 1.45x107 kg PO,-eq /kg fruits for B.

' With respect to GWP the characterization [actors refer (o0 a time horizon of 100 years
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Figure 1. Results of Global Warming Potential (a), Acidification Potential (b), Eutrophica-
tion Potential (¢) and Erosion Polential (d) per kilogramme ol organic pineapple [ruils pro-

duced.

3.5. Erosion potential

Erosion potential gives an idea on the long term average annual rate of erosion on a field
slope based on rainfall pattern, soil type, topography, crop system and management prac-
tices. On per hectare basis, farm A is estimated as losing 1.199 tons of soil/ha per year while
farm B loses 1.048 tons/ha per year. The production of a kilogramme of pineapple on farm A
goes with a signilicantly higher loss (4.44x107 tons/kg) of soil compared with [arm B
(2.33x107 tons/kg) (Figurc 1d)

4. Discussion

4.1. Global Warming Potential

CO; and N-O were mostly from energy usage which accounted for high proportions of
GWP in both farms. Studies of Mila i Canals ef al. (2006) and Dessane (2003) also con-
firmed energy use as a major contributor to GWP. Farm level differences were due to impor-
tation of inputs, rrigation and production of organic fertilizer by Farm A, and yield differ-
ences. NoO emissions from soil due to organic fertilizer and compost application also
accountcd for substantial portions of GWP. The ratc of relcasc of N>O is dependent on the
time of application and the composition of the fertiliser (Mila i Canals er al., 2006). The
composition of the fertilizer may have caused some differences between the two farms but
the application time is around the same period for both farms. Factors as soil type, tillage op-
erations and weather conditions also affect the release of N>O (Giirtner & Reinhardt, 2003).



4.2, Acidification Potential (AP)

Relatively high emissions of NO, and SO, can be explained by high fuel combustion re-
lated with mechanised farm operations and transport whereas the relatively small emissions
of NH; arc related with compost and organic fertiliser production. The difference between
the two studied farms resulted from the release of SO, and NO; from the production and
shipment ol organic [ertilizer as well as the shipment ol boxes used on [arm A. Changing the
type of fuel can affect the level of cmissions released into the air. Gérter & Reinhardt
(2003) suggested reported a higher AP for bio-diesel than petroleum diesel.

4.3. Eutrophication Potential

NO, is the most important component contributing to this impact and its main source is
from fuel use associated with transport of inputs and outputs. The difference between the two
farms came from importation of organic fertilizer and boxes as well as yield difference.

4.4, Erosion Potential (ErP)

Soil erosion can be very threatening in the tropics due to strong climatic factors, low fer-
tilizer use and conservation activities, fragile soils and strong reliance on the quality of soil
for livelihood (Cohen et al., 2005). The susceptibility of a soil for erosion is characterized by
the factor K in equation (1) that ‘captures’ the texture, permeability and structure of the soil
caused the difference. Other factors like slope length and rainfall also showed some ditter-
ences. Generally, the erosion potentials of the two organic farms were limited as a result of
the use of plastic mulch materials and ridging across the slope. The ErP is within the range
(0.9 — 6.2 ton/ha/yr) given for the savannah ecological zone of Ghana (Asiamah & Antwi,
1988) and at an acceptable low level (Webster, 2001). The valucs we found arc lower than
what Dessane (2003) reported (7.67 tons/halyr) for organic olive production on plains in
Greece.

4.5. Processes excluded from the study

The processes excluded from this study could have changed the results. The production of
machinery is a relevant component when assessing environmental impacts of agriculture.
Audsley et al. (1997) reported that machinery production has a share in total energy con-
sumption of 13-37% in arable systems with different degrees of mechanisation. Mila i Canals
et al. (2006) also reported a 7-12% share of tolal energy consumption. The disposal of poly-
thene mulch material by burning releases high quantities of N,O which has a huge GWP ef-
fect since N,O impacts 310 times as CO,. Wrobel & Reinhardt (2003) mentioned between
400 and 1500 mg CO4/g of plastic bag burned. No rehiable estimate of personnel-related e-
missions due to transportation could be made within the framework of this study.

5. Conclusion

Analysis of the environmental impact ot an agricultural production process is particularly
difficult in developing countries where data are hard to come by. Our study can be consid-
ered a good starting point for further studies to assess the environmental impacts of alterna-
tive production chains of tropical [Tuits and vegetables. Our results show thal in all the [our
considered impact categories, farm A has a higher impact than farm B. The reasons being
that farm A imports more inputs than farm B, while the output per hectare from A is lower. It
was concluded that more than 50 percent of GWP, AP and EP were due 10 energy-related
emissions. Therctfore, consumption of energy should be considered when designing certifica-
tion schemes or assessing the environmental soundness of agriculture.
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ABSTRACT

Worldwide demand [or setting reliable environmental criteria [or [ood and leed products has brought LCA
methodologics to agribusiness. This paper describes the results of our scarch for scientific literature and gov-
emmental documents regarding the application of LLCA to agricultural products worldwide, as a way to cap-
Lure the state ol the art in the [ield and 1o identily the trends and drivers on labeling and certilication require-
ments in international markets. Considering the agricultural Brazilian status, it would be necessary to adapt
the [.CA tools to the country environmental peculiarities and technological context, regarding the capacity to
answering to the current trends of application of LCA as a tool for analysis of environmental impact. In Bra-
zil, any effort in developing specific methodologies, for both T.CT and [LCIA, is urgently necessary to remain
among Lthe leaders as a food and leed exporter and would be weleomed by the consumers worldwide.

Keywords: Life cycle assessment, Agribusiness, Decision-making, International trade, Food safety

1. Introduction

Worldwide demand lor seling reliable environmental criteria lor food and leed products
has brought LCA methodologies to agribusiness as a way to support the decision making
processes regarding agriculture and food production technologies. As a major exporter of
food and feed products, Brazil is a country highly concerned with the environmental and
food safety 1ssues of international relevance associated to agriculture production and food
processing industry. It is the largest South American country with an area of 8.514.876 km?
and with a population of over 193 millions (IBGE, 2009). The country leads the world pro-
duction of orange, sugarcane, coffee, and it is one of the major producer of soybean, corn
and beef. Insofar, it is the eighth world exporter of agricultural commodities, like soybean,
orange, corn, among others (FAO, 2009).

According to data from thec MAPA (Ministry of Agriculturc, Livestock and Supply, Bra-
7il) the agribusiness accounts for 33% ol Gross Domestic Product (GDP) and 42% ol otal
Brazilian exporls (MAPA, 2009), Recent siudies show that the (otal area of crops in the
country should go from 60 million hectares in 2010 to 69.7 million in 2020. Bravil will have
a 36.7% increase in grain production (soybeans, com, wheal, rice and beans), equivalent Lo
47.7 million tons by 2020. There is also forecast growth in the same period for meat produc-
tion- 37.8% (beef, pork and chicken), sugar - 48.24% and milk - 24.45% (MAPA, 2010).

For answering the new consumer demands for certification and labeling of agricultural
products it is critical to Brazilian institutions, academic and governmental ones, to watch for
the trends of international markets in using the LCA methodologies and to take the needed
steps in qualifying the local institutions for carrying out those analytical procedures properly.

In this paper we describe the results of our search for scientific literature and governmen-
tal documents regarding the application of LCA to agricultural products worldwide, as a way
to capture the state of the art in the field and to identify the trends and drivers on labeling and
certification requirements in international markets. Further we contrasted the data on LCA
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on agricultural products from worldwide sources with the published documents from Brazil-
ian sources. We found that the world literature on the subject is yet relatively scarce and re-
fer to a limited list of products, namely dairy ones, tomatoes, apples, potatoes, olive, wheat,
rice, soybean, sugarcane, biomass, forage, maize, beef, fish, pig. poultry, and eggs. The Bra-
zilian sources refer to coffee, orange juice, poultry, aquiculture and oyster.

2. Methods

We noticed that the analytical procedures and units used in the analysis differed accord-
ingly to the products, and to the origins of the publications. Against this background, in this
study a literature review on available and recently published life cycle assessment (LCA)
studies, including last 10 years, have been analyzed. Data used in this study are obtained
from different sources: scientific literature and governmental documents regarding the appli-
cation of LCA to agricultural products worldwide. Further we contrasted the data on LCA on
agricultural products from worldwide sources with the published documents from Brazilian
sources,

The data were grouped into a summary table that addresses the evolving profession of
LCA in agricultural products around the world, the mamn products are researched and the
most important contributions for this methodology.

3. Results

Apparently, there is a long way belore establishing general protocols which would take
into account the local conditions while providing valuable comparisons between countrics
and agricultural products and production systems, useful in supporting international trade
olTicial, uni- or multilateral requirements, and consumer decision making as well. Consider-
myg the agricullural Brazilian stalus, it would be necessary Lo adapt the LCA tools to the
country environmental peculiaritics and technological context, regarding the capacity to an-
swering to the current trends of application of LCA methodology as a tool for analysis of en-
vironmental impact of food and feed products. So far, there are only a few studies on adapta-
tion of description factors related to various critical categories such as biodiversity, land use,
and water use. Regarding L.CI, no national database is open to access yet, neither related to
agriculture, nor to other sectors of industrial activity.

In order to balance the different publications, some tables (table 1, 2, 3 and 4) were as
drawn up in a concentrated form that allows a preview of the production of LCA whose vari-
ables include: the country of application, issues, functional units, major points, year and au-
thors.

4. Conclusions

There is certainly plenty of room for local efforts in terms of promoting related advanced
education, human resources training, infra-structure and institutional build up. In Brazil, any
cffort in developing specific methodologies, for both LCT and LCIA, is urgently necessary to
remain among the leaders as a food and feed exporter and would be welcomed by the pur-
chasers of agricultural commodities worldwide.

Acknowledgments: CAPES, Brazilian Coordination for the Improvemeni of Higher Educa-
tion Personnel



Table 1: International Application ol LCA Methodology in Livestock Production

Counlry Lssues F"m:ic::al u- Major poinis Year Author (s)
Australia walermeal kg agricullural systems 2010 Pelers eral
Spain LCA/DEA CO2-eqflke LCA + DEA approach 2010 Varques-Rowe ef al
_ . kg Nihafyear; L . e 1 N 485 :
New Zeland milk DM: cows/ha comparisons with Europe 2009 Bassct-Mens et al
Canada erass/conlinment kg mnlk environmenial beneliis 2008 Arsenaull ef af
Czech dairy and manurc L, ha cnvironm/health impact 2008 Havlikova er al
Brazil / Swe- GHG/Land . kg cnergy used high land use 2008 Cederberg er al
den usefenergy/beel
Frunce duiry chain gasfelemnl-cy cnvironmental impacts 2008 Kunyarushoki er al
Ciermany meat gaslelemnt-eq ecology of scale theory 2008 Schlich er al
Europe soyhean import garfenergy environmental charge 2008 Baumgartner i af
TFinland broilen/SCM oS-G orain impact 2008 Katajajuur et al
Netherlands UFEANIC ¢y gusfelemnl-cy concentration of production 2008 Dekker er al
- organic/niensiv GHGs and cnergy N Koneswaran and Nic-
Sweden beef production gas-eq, kg consumption 2008 renberg
MNetherland conventforg milk kg of milk environmental performance 2008 Thomassen 1 af
Japun beelivows/call call unit cnvironmental impacts 2007 Oginw er al
Canada catle vArious nutricnt availability 2006 Larney et al

Table 2: International Application of LCA Methodology in Grain, Vegetables and others

Country Issues Functional Units Major poits Year Author (s)
Switeerld | climate/land on Torestcropland a1 | Muller-Wenkand
Brandzn
Chile sunflowerf ton CGiHG reduction 2000 Iriarte 1 al
rapesced
UUE rapeseed/ palm T 02-eq. global warming reduction 2mn Schmidt, 1.H.
Bruzil bioethanol puower [wree/Km clhanolfval utilialion 2009 Luw et al
Canada supply chain various LCAA for decision-makers 2009 Andrews et al
Argenting soy biodiese] L dicselkm impacts 2009 Punichelli er al
China biomethanol/ rice kg heneficial use 2009 Xiao el al
STraw
China landj“;.autjﬂ bio- m3,L, m2 [ood supply, trade and environment 2009 Yung er al
Traly Rice Various communication 2009 Blengini and Busto
Argenling soybean meal kg consequential LCA 2008 Dalguard et al
. . . - - Soler-Rovira and
Spuin Iresh upples Gas clemnl-cy environmenlal impacts 2008 Soler-Rovira
Ciermany h'r.mcrg}f kg organic integrared production 2007 Kagi eial
hiomass
Table 3: International Application of LCA Methodology in Animal Products
Country Issucs ¥ "':’:;na] Major points Year Author (s)
I e ) - " FMachowsky and
Germany footprints gas-cg'kg cmission reduction 2009 |lachenbere
Norway
e y MI.gas, L .
LK/Chile/C salmon farm comparative impacts 2008 Pelletier et af
clemni-ey
anada
[ N energy/ GHG airy varions production efficience 2007 Saund.crl;‘;;nd. Bur-
New Zeald logistics VArious production cllicicnce 2006 Saunders et al
Spain milk L e thane oecurmence 2003 Hospido ef al
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Table 4: Brarilian application ol LCA Methodology

- Functional .
Theme Goal e ona Results Year |  Author is)
Tnits
Poultry stages .UI—P.UUIH)‘ Ton logistic performance of chains 2008 Silva et al
production impacts
Qyster stages of prr_tl‘:!uctlnn Unit water .:.r_msultnm_:mn, (?02 2008 Alvarenga ef af
analysis emission, solid waste
Frozen con
centrated o- CTICTEY use kg GWP rclated to non-rencwable 2008 Cuoltro er al
TANEC juice Cnergy
. h -envi tal - . . . El d
Aguicullure ARSI mEt undelined enviromental hicensing 2007 Eran
context Millani
G roduction inventol . . .
f;;?’?;c produc '3:[:’\&1 Ty MU, kg and ha agricultural practices 2006 Coltro er al
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Product category range of environmental performance
for EPDs: example of Costa Rican pineapple
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ABSTRACT

A process-based farm-to-shelf LCA of fresh pineapple was conducted in cooperation with an anonymous set
of farmers, packers and exporters from Costa Rica, to inform the future creation of product category rules
(PCRs) for environmental products declaration (EPI) program. All impacts are presented in respect to the
tunctional unit of 1 USDA serving of pineapple. LCIA indicators were selected to cover both the most com-
mon foad-system related impacts (energy use, water depletion, global warming, human and eco-toxicity, soil
erosion, cutrophication, acidification, ozone depletion). Ranges of environmental performance (RoLP) were
constructed [or cach indicator based on variation in yiclds, inpuls and cnissions using uncerlainly propaga-
ton [ormulas and Monte Carlo simulation. The RoEPs arc used 1o view the impactls [or an example pincap-
ple relative to the range present in a sector, which is suggested to be used with to facilitate interpretation and
encourage better management.

Keywords: range of environmental performance, LLCA, fruit, serving, product category rule

1. Introduction

Large retailers and end consumers of foods make purchasing choices that create envi-
ronmental consequences. These consequences diller not only by product category but within
product catcgory and they arisc from complex production chains and often have regional im-
pacts far from the point of consumption, which has been demonstrated in various studies of
the environmental impacts ol food systems (e.g. Jungbluth, 2002; Roy et al. 2008; Sim et al.
2007). The conscquences of purchasing choices arc typically not transparcnt to rctailers and
consumers. Environmental product declarations (EPDs) offer a mechanism for presenting
impacts of products quantified in an LCA, in the form of an 1SO-standardized Type 111 envi-
ronmental Tabel (ISO 14025). A significant advantage of EPDs over single product LCA is
the ability to communicate the environmental performance of products in comparison to
other products in the same category. Some authors (Christiansen et al., 2006; Steen et al.,
2008) have recognized that presenting product data in the [orm of Lables ol pure performance
values without normalization or comparison to other products is not readily comprehensible
nor easily used for environmentally preferable purchasing. A more user-friendly way of pre-
senting thal inlormation in EPDs is through graphical formats that permil comparison with
other products.

Direct comparison of environmental performance between products within a category
depends upon data that often does not exist. While LCA category-wide characterization of
agricultural products is uncommon overall, it is particularly rare for agricultural products
from non-OECD countries that are part of North American and European diets. A back-
ground LCA of a product category is a recommendation of the 1SO 14025 standard. Al-
though the value of the background LCA is not elaborated in ISO 14025 other than to gener-

" Corresponding Author. e-mail: wwi@utl.edu
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ally inform product category rule (PCR) making, a sector-wide LCA can potentially provide
the information for comparing products within a category.

Successful non-Type IIT labels depicting product performance comparisons can be tem-
plates lor displaying comparative product environmental performance results in EPDs. The
graphical format vsed for depicting energy consumption information on labels for large
household appliances (refrigerators, waler healers, elc.) in the US is the EnergyGuide.! The
Energy Guide label presents a range of comparabiliry for energy consumption for all prod-
ucts in the same category and locates the labelled appliance along this range. The Energy-
Guide program, originally mandated in 1980, has undergone extensive internal and inde-
pendent review and was revised in 2007 with a new label design that was better understood
in studies on public perception (FTC, 2007).

A new method for presenting LCA-based environmental performance information for a
[ood product is introduced here using the results ol a farm-to-shell LCA ol [resh pineapple
from Costa Rica. Costa Rica provides approximately 85% of the fresh pineapple available to
consumers n the US and 71% in Europe (FAQO, 2009). The scope, inventory, and impact
methods of this LCA are described in detail in a manuscript in preparation. Here the meth-
ods used (o characlerize performance across the Cosla Rican [resh pineapple seclor are
summarized and farm-to-shelf results of an example pineapple are presented in a format de-
signed for EPDs in which performance is indicated in the context of the range of perform-
ance of all Costa Rican pineapples supplied to an arbitrary Tocation in Florida.

2. Methods
2.1. Summary of LCA methods

A farm-to-shelf LCA of fresh pincapple was conducted in cooperation with an anonymous
sel of larmers, packers and exporters [rom Costa Rica. The LCA was designed 1o inlorm the
development of PCRs for pineapple for a future 150 14025 environmental product declara-
tion program in Costa Rica, which was investigated and proposed in a prior study (Ingwersen
et al., 2009). Primary data was collected through questionnaires from farmers, packing
plants, and exporters and through field surveys of participating farms: generic data for inter-
national transport and distribution to a retailer in Gainesville, Florida was used to model the
life cycle from port-to-retailer. Data represented producers and exporters in all three primary
pineapple growing regions, including conventional and organic larms [rom 1 to 150 ha, and
covered approximately 10,000 tons of pincapple (0.6% of national production) and 540,000
boxes exported. Input data was matched with equivalent processes in Ecoinvent v2.0 or used
to crcate new processes compriscd of inputs drawn from Ecoinvent. Mcthods used to model
emissions and impacts included: non-renewable fossil cumulative energy demand as imple-
mented in SimaPro; product carbon footprint for global warming using the PAS 2050 stan-
dard; stress-weighted water footprint for farm and process evaporated water; PestL.CI and
USETox for pesticide emissions and related human toxicity and freshwater ecotoxicity; and
TRACI for eutrophication, acifification, ozone depletion, and smog formation. An original
impact method was incorporated for soil erosion: the RUSLEZ2 soil erosion model (Foster ef
al., 2008) was parameterized for pineapple production in Costa Rica and adapted for use in
LCA. The RUSLE2, PestLCI, USETox, and TRACI eutrophication models were customized
for Costa Rica with regional climate, topography, soil, crop, gcographic, and demographic
data.

' See http:/fwww1 eere.energy.gov/consumerftipsfenergyguide html for an example of an EnergyGuide label,



2.2, Product category range of environmental performance

The agricultural processes that contribute to food systems can be considered some of the
most significant and variable contributors to environmental performance, due to the variabil-
ity in growing conditions, management, and yield among and between farms that provide
raw products for foods (Roy er al., 2009). Especially in the case of international fresh pro-
duce supply chains, the transportation and distribution processes can also differ significantly
in environmental performance particularly due to location and mode of storage and transport
(Sim ez al., 2007). Capturing the range of environmental production in the fresh produce in-
dustry depends on characterizing” the variability in cultivation, processing, and distribution
of the produce.

In order (o characterize the range ol environmental perlormance lor [resh pineapple pro-
duced in Costa Rica and provided to a US consumer, the variability and uncertainty of in-
puts. vields and emissions from the participating farms and packing companies was com-
bined with varability in distribution Lo the port ol deparlure 1o generate a range [or
environmental perlormance (RoEP) in the sector.  The RoEP [or each environmental cale-
gory was modelled by combining input, yicld, and cmissions variations in all life cycle
stages.

The 99% conlidence inlerval lor the baseline scenario generated by Monte Carlo simula-
tion in SimaPro of cach impact catcgory was uscd to create ranges of comparability of farm-
to-shelf performance for Costa Rican pineapple sold at an arbitrary location in the US
(Gainesville, Florida). A variation of the style used by the EnergyGuide label is used to de-
pict the range of comparability for each environmental impact category. Performance by
category for a specific fresh pineapple (pineapple X) based on individual LCA results is
then located along this range of comparability for all Costa Rican fresh pineapples.

3. Results

Table 1: Ranges of environmetal performance for 1 serving® of fresh Costa Rican pineapple at a FL
retailer.

Min Max Co. of

No. | Category (0.5%) (99.5%) | Variation
1 | NR [lossil cumnulative energy demand (M) (.98 1.60 12.6%
2 | Stress-weighted water footprint (L H,O) 0.28 0.85 26.3%
3 | Carbon footprint (kg COs-cq) 0.09 0.38 43.2%
4 | Poicnual soil crosion (kg soil croded) 0.0004 0.73 221.0%
5 | Lutrophication potential (ke N-cq) 0,001 0.01 77.3%
6 | Treshwater ecotoxicity (potentially attected fraction/m’/day) 0.06 0.67 52.6%
7 | Human toxicity (cases) S3IE-11 | 5.82E-10 46.5%
8 | Ozone depletion (kg CFC-11-eq.) TA9E-L | 2.24E-08 23.2%
Y [ Acidification (H+ moles-eq.) 0.032 (0.051 11.1%
10 | Smog formation (kg NOx-eq.) 0.0004 0.0008 13.9%

*1 serving pineapple = 165 g edible fruit (USDA, 2009); 1 kg pineapple = 3.07 servings

? Here and elsewhere ‘characterization’ is used in the conventional [inglish language (syn: to describe) and
does not refer to the LCA-specific use of the term defined in ISO 14040,
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The ranges for each category of farm-to-shelf environmental performance for pineapple at
a retailer in Florida arc presented in Table 1. For impacts dependent on the diversity of con-
ditions present in Costa Rican pineapple fields and the regional environment, such as soil
erosions and eutrophication, the range of comparability is relatively large in comparison with
other impacts for which management and regional conditions are less variable (e.g. acidifica-
tion and smog formation). A graphic presentation of the environmental performance of a
pineapple from one of the participating pineapple producers is presented in Figure 1.

Environmental Performance of Pineapple X

Best Worst
340 1\:(3
CED _ ; :
0598 M 16
042
W
SWWF—I : :
0.8 LH20 085
0.11
W
CF - T | | 1
0.09 kg CO2-eq. 058
0.05
W
SOIL _ | | | .
] kg eroded 07a
0.003
=
EUTR_ | | 1
0,00 kg N-eq 001
044
v
ETOX _ :
0.08 PAFm3/day 067
5.8e-10
W
HTOX“
53e-11 cases 58e-10

Figure 1: Example label showing comparative farm-to-shelf environmental performance of a 1 serving
ol pineapple X al a retailer in Florida. CED = NR [ossil cumulative energy demand; SWWF = Siress-
weighted water footprint; CF = carbon footprint; SQIL = Potential soil erosion; EUTR = Eutrophica-
tion potential; ETOX = Freshwater ecotoxicity; HTOX = Human toxicity.

4. Discussion

Characterizing the range of environmental performance for a food product derived from a
large set of farms using distinct management practices and spread across different geo-



graphic regions and countries presents challenges for LCA. Product characterization has
typically been represented with average performance based on aggregated data, with varia-
tion represented only qualitatively (e.g2. Ecoinvent data). Such aggregation does not permit
comparison ol products against the [ull range ol performance [or a productl calegory, or
comparison of products with those in other categories that serve the same function. Here a
method 1s presented Lo characterize the range ol LCA-based environmental performance [or
a fruit product, using 4 set of representative primary data.

A selected set of the most environmentally relevant categories for fresh pineapple are pre-
sented in Figure 1. Global scale impacts including energy use and carbon footprint are as-
sumed relevant for all products and the remainder are particularly relevant for agricultural
products. Combining the different categories of performance was not done here, as the indi-
cators were individually selected and/or designed to quantify impacts of this product system
and weighting [actors do not exist lo combine these calegories.

The ranges resulting from this method are statistical approximations of performance for
[resh pineapple [rom Costa Rica and nol based on the outcomes ol individual LCAs ol each
pineapple in the sector. which would be impractical to expect given the diversity of actors in
the production chain, beginming with thousands of farms in Costa Rica. The use ol the 99%
confidence interval of the distribution resulting from a Monte Carlo analysis can be consid-
ered a conservative estimate of the performance range. Nevertheless the impact range pro-
duced in the Monte Carlo depends upon a complex set of factors, including emissions of
other pesticides, downstream production efficiency (e.g. factors effecting the pineapples per
box, portions per pineapple, etc.) among others, and as a consequence, the combination of
these factors may result in confidence intervals that do not represent all products in the cate-
gory. In the case ol pineapple X, human Lloxicily was slightly greater that the maximum
value in the range, thus the range was cxpanded with the new maximum being the human
toxicity value ol pineapple X.

Becausce the function defined in this study is to provide the consumer with a serving a
fruit,” performance is reported in relation to other [resh pineapple from Costa Rica using the
functional unit of 1 scrving (Figure 1). Although Costa Rican pincapple dominatcs fresh
pineapple supply in the US and EU., pineapples of other origin were not included in the range
of comparability, but, in principle, should be included in a range that represents pineapples
available to consumers. Such information would permit large produce buyers and/or end
consumers in the US and EU to see where one pineapple fulls in comparison with the per-
formance of other pineapples.

Christiansen ef al. (2006) recommend EPDs also show an additional performance com-
parison (beyond the same product category) with an alternative purchase that would reflect
consequences the choice in a wider context, suggesting comparison against an equal mone-
tary amount for another consumer good. Morc relevant for food items would be a compari-
son against a wider groups of foods that serve the same nutritional function. In this case that
would translate to a presentation of a pincapple along a range of comparability for all prod-
ucts that provide a serving of fruit, using a selection of impact indicators relevant to all those
products. This range of comparability would capture performance of other fresh fruits, dried
fruits, frozen fruits, fruit juices, and other foods products providing this function. Thus buy-
ers and consumers would be able to contrast a fruit product against all alternative fruit prod-
ucts.

* The USDA recommends at least 2 servings of fruit per person per day. Any foods that provide a fruit serv-
ing have the same tunction according to this definition.
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Evaluating life cycle impacts of soybean production

James Pollack, PE"*, Anne Landfield Greig:
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ABSTRACT

Consumers and governments have express interest in understanding the life cycle impacts of the agri-food
sector. The United Soybean Board (USB) which represents soybean furmers in United States has responded
to that interest by commissioning Ommi Tech International, Ltd. and Four Elements Consulting L1.C to up-
date the existing life cycle data associated with growing soybeans and converting them into food and indus-
trial products. A Life Cycle Assessment (I.CA) was then performed to measure environmental impacts. The
main objective of this study was to provide “cradle-to-gate™ life cycle information to life cycle practitioners
who wish to conduct modeling of downstream soy food and industrial products and possibly compare those
results and impacts with those of other [ood and industrial products. To ensure credibility of the data and
results, the study was peer reviewed by an inlernational pancl. This paper describes key f[indings and how
the study was conducted.

Keywords: Lite Cycle Assessment, 1LCA, soy meal, soybean oil, biobased

1. Introduction and objectives

The past decade has witnessed an incrcased consumer and government interest in under-
standing the life cycle impacts of the agri-food sector. The United Soybean Board (USB)
which represents soybean [armers in the United States has responded Lo that interest by
commissioning Omni Tecch International, Ltd. and Tour Elements Consulting, LLC, to con-
duct a comprehensive study to update the life cycle data associated with growing soybeans
and converting them into food and industrial products. This data was then subjected to a life
cycle assessment (LCA) to measure environmental impacts. A main objective of this study
was to provide “cradle-to-gate™ life cycle information available to LCA practitioners who
wish to conduct modeling of downstream soy food and industrial products and possibly
compare those results and impacts with those of other food and industrial products.  To en-
surc credibility and objcctivity of the data and rcsults, this study was peer reviewed by an
international panel to ensure conformance with ISO 14040 and 14044 (ISO 2006a and
2006b) requirements.

2. System Boundaries and Modeling

The unit processes included in the modeling for this paper are soybean growing/ agricul-
lure, crushing into crude soybean o1l and meal, and relining into relined soy o1l leedslock, as
shown in the following figure.

* Corresponding Author. ¢-mail: jpollack@omnitcchintl.com
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Figure 1: Systcm Boundarics: Cradle-to-Gate of Soy Feedstocks
2.1. Accounting for Carbon Sequestration
The sequestration of carbon has been taken into account since the system is cradle-to-gate,
and downstreamn [ate of that embedded carbon (i.e., potential biobased carbon neutrality) 18
out of the system boundarics. The amount of carbon uptake has been based directly on the

quantity of biomass carbon in the feedstocks, as shown in the table below.

Table 1: Biobased Carbon Content in (1000 kg per each output)

Product % Carbon (calculated or Biomass carbon Corresponding bio-
estimated by Omni Tech) (kg) mass CO2 (kg)

Meal 487 480 1760

Refined oil 80.6% 806 2955

3. Data Updates and Sources

To conduct a credible LCA, it is critical to use current mass balance data on raw materials,
processing aids and energy used (o produce a product since this is the platform [or LCA mo-
dcling and results gencration. In the casc of soybcan agriculturc and processing, cxisting
LCI databases contained information that was, in many cases, more than 10 years old and/or
used default data based on hypothetical assumptions. For this update, thanks to collaboration
with industry stakeholders, it was possible to obtain actual operating data for producing re-
fined soybean oil and soy meal. Updated information is provided in the next sections; the
data, along with more detailed descriptions, can be found at www.soybiobased.org.

3.1. Soybean agriculture

Data for the agricultural processes is based on average 1.5, soybean production practices
in the U.S., and data are based mainly on the years 2000 through 2007. Soybean agriculture
data includes use of farm tractors; irrigation; fertilizer inputs and associated air emissions
and water effluents; agrichemical inputs and associated air emissions and water effluents;
other energy and material inputs including seedlings; and transportation of the material in-
puts to the farm. Data was updated from 1990’s soybean growing data in National Renew-
able Energy Laboratory’s (NREL’s) LCA study on biodiesel use in an urban bus, which was
updated by Omni Tech International and other experts in 2003.



3.2. Soybean processing

The data for soybean processing were collected and aggregated by the US-based National
Qilsced Processors Association (NOPA, 2009). The resulting data reflect information on 50
of the 60 soybean processing plants that NOPA represents, and data received were provided
as [ull-lacility inpuls and outputs on a per-soybean inpul basis, and cover soybean processing
via solvent extraction through crude oil degumming. Transportation of materials to the
crushing facility has been accounted for.

The products [rom soybean crushing/processing include degummed soy oil and soybean
meal. Since there are multiple product outputs (or co-products), the process mputs and out-
puts have to be divided or allocated between all products in some way to fairly assign envi-
ronmental impacts to both products. Allocation based on the mass of the products was used
for the baseline results, and a sensitivity analysis based on economic value was performed
(economic value as of December 2008). It should be noted that this data on crushing and
processing, made public, is presented as unallocated data, so that the LCA practitioner is able
Lo decide upon an allocation rule appropriate [or his/her study. Allocation is discussed laler
in this paper.

3.3. Crude Soy Oil Refining

All data except energy is based on an NREL study on biodiesel production since it con-
Lains inlormation on the alkaline relining processes occurring prior Lo transesterilication into
biodicsel (Shechan ef al., 1998). Typical soy oil refining clectrical and stcam encrgy were
provided by a large agro-processor in the U.S." For the economic allocation, the oil was gi-
ven an allocation percentage of 100 since soap stock has a minimal value, especially relative
to oil. Transportation of materials to the refining facility has been accounted for.

3.4. Sources of data in LCA model

The LCA model, using the updated data, was built in SimaPro 7, a commercially avail-
able LCA software product (Pre Consultants, 2006). Data for energy and transportation
came from the U.S. LCI database (National Renewable Energy Laboratory). Data for mate-
rials are from secondary sources from the following databases (in order of preference and
data availability): the U.S. LCI database, the Ecolnvent database (Swiss Centre for Life Cy-
cle Inventories), and the SimaPro database which contains data sets with varying levels ol
data quality in terms of representativeness of technology, age of data, and geography of the
processes.

4, Allocation

Mass allocation was used as the main allocation rule for the baseline analysis and eco-
nomic allocation was used to assess the sensitivity of this modeling decision, with the fol-
lowing factors for each:

' Company name not rcleased for confidentiality purposes.
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Table 2: Soy il and Meal Economic Data

Portion from 1 | Mass alloca- | Dec. 2008 e- | Total in | Economic allo-
kg soybean | tion conomic va- | system (%) cation
(kg) lue ($/kg)

Crude oil 0.195 19.5% $0.78 50.15 38%

Meal 0.805 80.5% $0.30 $0.24 62%

The debate as to which is the best allocation decision for soy-based products will con-
tinue but factors favoring mass allocation include:

®  The physical breakdown of soybeans into oil and meal is a relatively constant per-
centage while the economic value of oil and meal can vary significantly due to mar-
ket conditions; and

¢ If using economic allocation. LCA results may have to be updated fairly often to
capture current market conditions which may not be feasible for most organizations.
Results for a mass-based allocation are not subject to these economic market fluc-
tuations.

System expansion was also evaluated for its feasibility, but results were negative in many
cases s0 were not intuitive for the user. Another feasible choice that was not used for this
study is allocation based on energy content of the co-produets, which was used by the Euro-
pean Commission in its Renewable Energy Directive that incorporates minimum GHG emis-
sion targets for biofuels (EU, 2009). While this current study did not evaluate the systems
based on energy content, the allocation percentages were similar to the economic allocation
(crude soybean oil: 36% for energy allocation; 38% for economic allocation). In fact, be-
cause Lthe economic allocation allocates a higher percenlage relative Lo the energy allocation
for crude soy oil, results for the economic allocation are actually a worse-case scenario for
the refined soy oil. For more discussion on this topic, the reader is encouraged to see the
published main reporL.

5. Results and discussion

The Building for Environmental and Economic Sustainability (BEES) impact methodol-
ogy was used because it was appropriate for this U.S.-based study: the BEES framework and
impact categories are used for U.S. government programs such as the U.S. Department of
Agriculture’s BioPreferred program. BEES also has a recognized and accepted methodology
and its comprehensive set of impacts meet 1SO’s requirements for a range of impact catego-
ries. The following table presents the cradle to gate impacts of soybean agriculture and an
analysis of its components.

Table 3: Soybean Production and Contribution Analysis (1000 kg output)

Total Upstream
Soybean Direct Materials | Emergy |Transpori-

Impact category Unit Production | Impacts% | Prod'n % % ation %
Global warming potential kg CO2 eq -1.2 E+03 B87% B8.5% 4% 0.2%
Acidification Potential milmole Heeg | 9.4 E+04 21% 36% 42% 1%
Eutrophication Potential kg Meq 2.9 E+00 15% 83% 1% 0%
Water Intake [liters 5.1 E+D4 100% 0% 0% 0%
Criteria Air Pollutants |microDALYs 2.5 E+01 3% 61% 35% 1%
Smog Formation Potential |g NOx eq 2.0 E+D3 25% 13% 60% 2%
Total Fuel Energy MJ 1.8 E+03 0% 44% 54% 3%

Note: 0% means less than 0.1%, and percentages may not add to 100 due to rounding.




The GWP result is a net negative. As mentioned previously, the CO2 uptake duc to gro-
wing soybeans has been accounled [or. For soybean production, the benelit of the carbon
sequestration more than offsets the CO2 from burning fossil fuels. 87% of the GWP is part
of the “direct impacts™ component which includes uptake of carbon dioxide and N20) releuase
on the field. The water intake value represents the water use for the irrigated land averaged
over all the hectares plunted. Use of energy and upstream materials account for most of the
other impact categories, and transporting fertilizers and agrochemicals to the field have very
little influence on the final results.

The next tables present the cradle-to-gate results for soy meal and refined soy oil in terms
of the percentage contribution of the major unit processes defined above.

Table 4: Cradle-to-Gate Results for Meal Production (1000 kg output)

Total Cradle-to-

Gate Soy Meal | Soybean
Impact category Unit Production Agriculture | Crushing
Global warming potential kg CO2eqg -1.3E+03 908 10%
Acidification Potential milmole Hieg 1.6E+05 S9% 41%
Eutrophication Potential kg N eq 3.0E+00 9556 1%
Water Intake liters 5.2 E+(4 99% 1%
Criteria Air Pollutants microDALYs 4.6 E+01 54% A6%
Smog Formation Potential ZNOx eq 2.8E+03 4% 26%
Total Fuel Energy M 3.9E+03 AT% 53%

Table 5: Cradle-to-Gate Results for Refined Soy Oil Production (1000 kg output)

Total Cradle-to-
Gate Refined Soy Soybean

Impact category Unit Qil Production Agriculiure Crushing | Refining
Global warming potential kg CO2eq -2.5E+03 Q4% Bo% 0.4%
Acidification Potential milmole H+eg 1.7 E+05 58% At 3%
Eutrophication Potential kg N eq 3.1 E+00 99% 1% 0.05%
Fossil Fuel Depletion W Surplus 4.2 E+02 49% A7% 4%
Water Intake liters 5.4 E+04 99% 1% 0.3%
Criteria Air Pollutants microDALYs 4.9 E+01 53% A4% 3%
Qzone Depletion Potential  |kg CFC-11leq 1.9 E-D6 445 56% 0.3%
Smog Formation Potential  [g NOx eq 3.0 E+03 73% 25% 1%
Total Fuel Energy i 4.2 E+03 45% 51% 4%

As shown in these lwo lables, the agricullure impacts are lor the most parl the largest.
The results for the economic sensitivity analysis are as follows (see USB, 2010):

For meal, in all categories but GWP, the results using the economic allocation decrease
since in the mass allocation, the meal co-product accounted for nearly 80% of the allocation
(including crushing and upstream soybean agriculture). The economic allocation brings this
value down to almost 60%. The GWP category is higher because much of the GWP value
stems from the carbon embedded in the product. The allocation change only affects the non-
biomass CO2 impacts.

For oil, in all catcgorics but GWP, the results using the cconomic allocation increase.
This makes sense, since the crushing and soybean production impacts are nearly doubled,
from 20% allocated to nearly 40%. The GWP category is lower, as much of the GWP value
stems from the carbon embedded in the product. The allocation change only affects the non-
biomass CO2 impacts.

IMPACT 2002 methodology was used as an alternate method (o assess the results. The
European-based methodology is more health focused than BEES and uses different charac-
terization factors, thus the two methods cannot be directly compared. However, despite
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these differences, the sensitivity result outcomes were similar for both the mass and eco-
nomic allocation comparisons. See complete study [or specilic results.

6. Conclusions

This updated life cycle inventory information should be a great aid to anyone wishing to
perform an LCA on a product made with a soybean derived ingredient or to compare envi-
ronmental impacts with another crop. The individual life cycle stage data for soybeans and
their downstream feedstock products are largely based on actual operations data rather than
theoretical assumptions, as was the case with the previous data. The updated cnvironmental
profile lor the soybean production and processing stages has shown overall improvement
when compared to the inventory data previously available. The favorable global warming
potential impact of raising soybeans remains a positive factor for considering soybean oil or
meal derivatives as a feedstock for food or industrial products.

It is important to mention to the reader that the application of the soy products in this pa-
per has not been evaluated. These results are cradle-to-gate, so depending on the use and end
of life phases of the products, results would change. This aspect was beyond the scope of
this current work. Also, the reader should be reminded that allocation choice also may affect
the outcome of the results, so careful consideration should be paid to this modeling aspect.
That said, the allocation decisions and methodology used for this study are being applied to
other crops. But since co-product modeling has always been controversial, the reader is cau-
tioned to always carcfully consider the co-products and their fatc so that allocation is donc
properly. Examples ol items to consider include the [ate ol crop residue, the value (both e-
conomic and nutritional content) of the meal, and other potential crop outputs (i.e., corn sto-
ver as a biofuel).
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ABSTRAC

Cod fishery is an important activity in the Basque Country. During 2007 about 500 tonnes of cod were
caught, which represents 5% of the total caught value in the Basque Country. But cod is overexploited specie,
mainly due to the high TACs set by the European Commission which exceeds the recommendations of ICES.
Life Cycle Analysis had been performed to analyse the impact of cod fishing, which includes the main inputs
and outputs of the system, taking into account fuel consumption, anti-fouling paints, leaching of cooper and
spill of evisceration processes, stock exploitation rate, among others. As expected, the impact analysis shows
that fuel consumption is the most significant stage, so more features are planned aimed at reducing that
consumption. Howevcr, it was also conducted a feasibility analysis of cod stocks.

Keywords: LCA, seafood, fisheries, cod, environmental impacts

1. Introduction

Cod is one of the most representative species of international fisheries, especially in
countries like Norway. In Spain, the fishing quota (TAC = Total Allowable Catch) in 2007
was 14,000 tonnes (4.14% of total) for cod in the Barents Sea. With regard to the
Autonomous Community of the Basque Country, cod is a fish traditionally highly valued by
consumers and i1s part of the typical cuisine in many dishes. Catches of cod by the Basque
fleet, although not very numerous, represent, approximately, 5% of the economic value of
the total catch,

Currently, there are 3 ships catching cod in the fleet of Pasajes’ Port. Fishing takes place
in the Arctic, in ICES areas I and Il (Ila and Ilb). According to the ICES recommendation,
biological reference points have been introduced for safeguarding a sustainable management
of resources in this area, restricting the number of catches. However, in 11 of the last 14
years the European Commission has setl higher TACs than those recommended by ICES. In
2007, ICES has recommended 309,000 tonnes, bul the Russian-Norwegian Commiltee which
regulates fishing in the Barcnts Sca arca, has cstablished a TAC on 424,000 tonnc.

Therefore, in recent years, cod stocks have suffered a severe decline in the coast of
Norway where, traditionally, most ol the catches ol the Basque [eet are carried out. In [act,
the Norwcegian Institutc of Marinc Rescarch belicves that the situation is critical and the cod
fishing should be closed or limited to allow recovery.

This overfishing 1s due to the introduction and proliferation of equipment and technology
that increased the volume of landed fish. Besides overexploitation, fishing activity
contributes to the environmental impact with fuel consumption (Hospido and Tyedmers,
2005).

" Corresponding Author. e-mail: Sramos@azti.es
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To face this problem, the main objective of this study was to define the stages with
grealesl environmenial impact ol the cod [ishing, and propose actions lor the reduction ol
these impacts.

2. Methodology
2.1 Functional Unit

It has been established 1 tonne of gutted fresh cod ready for distribution as functional unit.

2.2 Scope and system description
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Figure 1 describes the system boundaries assumed in this study. Main inputs and output
arc described below.

Fish from the sea
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Figure 1: Systcm boundarics

Main inputs of the system are:
— Ship, including steel, iron, wood, plastics, anti-louling paints and energy needed lor
the manufacture.
— Cod hish and by catches
— Fuel requirements for the trip and for the auxiliary tasks
— Cod storage: Hoisting and cooling in the port
Main outputs are:
— Spill of N, P and COD from evisceration processes
—  Leaching of copper due anti-fouling paints.
— Combustion gascs
—  Fish discards
The following aspects were not considered into the system:
—  Fishing gears: nets, hooks and other utensils.
— Cardboard boxes necessary for the storage of cod on board
— Infrastructure required for storage.



2.3 Life Cycle Inventory
The main assumptions taken are the following (table 1):

The trip: The distance travelled during the work of fishing is around 8,000 miles along,
and 4,000 miles round trip, for a total of about 12,000 miles. The trip takes place in summer
(May to August) and lasts about 3 months (16 days of round trip, plus 2 %2 months of fishing
activity). The total fuel consumption is 5Tn per day. The 90% of fuel is used for transport
and the remaining 10% approx. is used for auxiliary tasks, such as maintenance of cold
[reezing tunnels.

For land vse data, information obtained in the study by SINTEF (Ellingsen and Aanodsen,
2006) has been used, which estimates an occupation of 384 m” trawl / cod kg.

The ship: The average length of vessels is about 56m and lifespan is around 25 years. The
ships have a tunnel freezer system and process the cod on board. Remains of viscera and
trimmings are thrown into the sea.

Antilouling paints are used in order to prevent the growth ol Mora and launa m the hull.
However, substances such as copper, which prevent the growth, are causing considerable
marine pollution. The cooper leaching depends on the content of cooper into the paints, type
of binder. type of sea water, type of ship, speed, thickness of the layer of paint, etc. (Schiff et
al., 2003) Initially used paints were based on tin (TBT - tributyltin), but their high polluting
effect forced its ban in 1990. The diffusion rate of copper in the paint has been calculated
with the lollowing equation (Pinturas Nervidn enlerprise, no dale)

—  Copper content in paint of 50% and a thickness of 300 microns, with a diffusion
rate of 10 pg Cucm?® d ! for 3 months of travel.

The cod: Within the subsystem "Fish from the sea", by-catches and discards have been
also taken into account.

— By-caiches or non-largel species, accounl [or aboul 5% ol Pasajes [leel (AZTI-
Tecnalia, 2008) and are mainly composed of haddock, black halibut, norway
haddock, wolf fish, american flounder or coalfish. Therefore, for an average catch
of 500 tons / trip, the 95% (475 tons) correspond to the cod, while the other
remaining 25Tm correspond to other species.

— Discards arc approximatcly 3% and corrcspond to non-commercial specics. Thesc
catches are returned to the sea along with the remains of evisceration.

—  Viscera are on average 10% of fished cod (AZTI, 2008)

Landing: Upon reaching port, manually classified cod 1s prepared in boxes and hauled to
port by cranc. The download time may last up to 5 working days (8 h/ day). Then, the cod is
stored refrigerated (0 ® to 5 ° C) in the same port.

Considering all, the main flows of the inputs and outputs of the system arc the followings:

Table 1: Data introduced to SimaPro 7.1.

Product

Atlantic cod (fished by Basque fleet) 1 Tm
Assembly

Ship (construction and maintcnance) 8,42E-05 p
Tish from the sca 1.1 T
Processes

Electricity 14,2 kwh
Fuel Consumption 947 L
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2.4 Allocation rules:
All the inputs and outputs arc allocated by mass, 95% to the cod and 5% to y-catches.
2.5 Data Quality

The data on fisheries were obtained from internal data, supplied by the Marine Research
Division of AZTI-Tecnalia and a ship-owner dedicated to cod fishing. The energy data
required lor the manulacture ol a fishing vessel have been estimated (rom the values given in
the databasc Licoinvent for other ships of the same or similar magnitude.

3. Life cycle impact assessment

The method used for the impact asscssment is "CML 2 bascline 2000 v2.047. As
expected, the LCA results performed with the software SimaPro 7.1. showed that the use of
fuel in the boat is the aspect of fishing which produces the greatest impact (figure 2). The
main stages of this process are production of diesel, which impacts mostly in abiotic
depletion and ozone layer depletion; and air emissions of diesel combustion, which affect
mostly in acidification, global warming and eutrophication.

Regarding to the “cod fishing system™ showed in figure 1, it should be mentioned that the
main cause of terrestrial and freshwater aquatic ecotoxicity is the steel production for the
ship construction. For marine aquatic toxicity, the diesel extraction is the most important
stage, however; the release ol copper [rom antilouling paints has an important impact (25%).
Nevertheless, toxicity catcgorization in CML methodology is highly questioned becausce it is
not complete, and ignores many substances, such as dioxins (Ziegler ei al., 2003)

At gt Latein BRI b Wy g Hueninacty Frech ver Wmesm:  lesmndeovety  Poochaed

Figure 2: Tmpact assessment of the lile cycle ol cod fshing. Tegend: Grey: “Cod fishing system™
which included the materials needed (or the ship construction and maintenance; Black: electricity
requirement and, Dark Grey: Fuel consumption.



Concerning the impact of the removal of individuals from their environment, up to now
there is no agreed methodology for measuring this impact with the LCA methodology.
Therefore, it is necessary to develop a new impact category to assess the effect of fishing in
the marine environment, or, at least, take into account the contribution of fishing to the status
of the target stocks by other current fishing indicators.

To facc this challenge, the Atlantic cod stock exploitation ratc has been sclected as
additional environmental impact category for the fishing process. Recruitment data, landings
and total biomass of cod in the last 20 yecars were sclected among the existing fishing
pressure indicators (1CES, 2007)
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Figure 3: Fluctuation of recruitment (thousand), (otal biomass (lonne) and landings (lonne)

The evaluation results have shown that the cod stock is within safe biological Timits, while
fishing mortality is above the reference limits of effort (figure 3). This means that although
the population is above the minimum of viable biomass and, therefore, at safe levels, the
effort exerted on the population is not sustainable in the long term, and is far from
guarantecing the maximum sustainable yicld (AZTT - Tecnalia, 2008).

Additionally, there is no clear consensus on the environmental effect of seafloor use.
Some researches (Fossa, 2002) estimated that trawling and dredging the seabed uare
responsible for up to 50% of the damage caused to coral reefs in the Northeast Atlantic.
Some rescarchers compared the effect of acid rain on deforestation. However, Husc er a.l
(2002) concluded in a research made in a marine protected area of Bear lsland in the Barents
Sea in 2000 and 2001, that changes in biodiversity attributed to the fishing gears are
generally low, especially in areas exposed Lo natural stress waves, currenls or changes in
levels of cutrophication and salinity.

4, Discussion and conclusions

Once the fuel consumption has been identified as the most significant stages of the life
cycle of the cod fishery. several potential improvements were proposed based on existing
literature. Thesc proposed improvements can be: Optimization of the fucl usc cfficiency by
improving the performance of engines, improving the design of the hull and propeller,
reducing fishing nets resistance, optimizing routes and fuel management or using renewable
energy.

Howcver, overexploitation and fish discard should be faced by:
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— Diversification of target species to reduce the pressure on overexploited species.
—  Vaulorisation of discards by using it as novel food products and animal feed.
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