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Abstract

Background, Aims and Scope. The consequential approach to
system delimitation in LCA requires that consideration of the
technologies and suppliers included are 'marginal’, i.e. that they
are actually affected by a change in demand. Furthermore, co-
product allocation must be avoided by system expansion. Veg-
etable oils constitute a significant product group included in
many LCAs that are intended for use in decision support. This
article argues that the vegetable oil market has faced major
changes around the turn of the century. The aim of this study is
to study the marginal supply of vegetable oil as it has shifted to
palm oil and describe the product system of the new supply.

Methods. The methods for identification of marginal technolo-
gies and suppliers and for avoiding co-product allocation are
based on the work of Weidema (2003). The marginal vegetable
oil is identified on the basis of agricultural statistics on produc-
tion volumes and prices. A co-product from palm oil produc-
tion is palm kernel meal, which is used for fodder purposes where
it has two main properties: protein and energy. When carrying
out system expansion, these properties are taken into account.

Results. The major vegetable oils are soy oil, palm oil, rape-
seed oil and sun oil. These oils are substitutable within the
most common applications. Based on market trends, a shift
from rapeseed oil to palm oil as the marginal vegetable oil is
identified around the year 2000, when palm oil turns out to be
the most competitive oil. It is recommended to regard palm oil
and its dependent co-product palm kernel oil as the marginal
vegetable oil. The analysis of the product system shows that
the demand for 1 kg palm oil requires 4.49 kg FFB (oil palm
fruit) and the displacement of 0.035 kg soybeans (marginal
source of fodder protein) and 0.066 kg barley (marginal source
of fodder energy).

Discussion. The identification of the marginal vegetable oil and
the avoidance of co-product allocation by system expansion
showed that several commodities may be affected when using
the consequential approach. Hence, the product system for veg-
etable oils is relatively complex compared to traditional LCAs
in which average technologies and suppliers are applied and in
which co-product allocation is carried out by applying an allo-
cation factor.
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Conclusions. This article presents how the marginal vegetable
oil can be identified and that co-product allocation between oils
and meal can be avoided by system expansion, by considering
the energy and protein content in the meal, which displaces a
mix of the marginal sources of energy and protein for animal
fodder (barley and soy meal, respectively).

Recommendations and Perspectives. The implication of a shift
in the marginal vegetable oil is significant. Many LCAs on rape-
seed oil have been conducted and are being used as decision
support in the bio energy field. Thus, based on consequential
LCA methodology, it is argued that these LCAs need to be re-
vised, since they no longer focus on the oil actually affected.

Keywords: Consequential LCA; co-product allocation; marginal
data; methodology; palm oil; rapeseed oil; system expansion;
vegetable oils

Introduction

The consequential approach to system delimitation in LCA
(Weidema 1993, Weidema 2003, Ekvall & Weidema 2004,
Hansen 2004) requires that the technologies and suppliers
included in the analysed systems are those that change in
response to a change in demand. In a somewhat sloppy short-
hand, these are often termed the 'marginal technologies' or
the 'marginal suppliers', as opposed to the average technolo-
gies or suppliers applied in traditional attributional LCA
modelling. With a worldwide annual production of around
110 million tons, vegetable oils constitute a significant prod-
uct group with vast applications for different food purposes
as well as oleo-chemical and energy purposes. Currently,
the vegetable oil market has been subjected to major changes
that apparently involve a shift from rapeseed oil to palm oil
as the marginal vegetable oil. We identify the causes for this
shift and its implications for LCAs of products using veg-
etable oils.

Previously, rapeseed oil was identified as the marginal oil in
Weidema (1999) and Weidema (2003), based on EU fore-
casts and information from Unilever, a major oil consumer
and, at that time, also a major producer. Several studies have
been conducted using rapeseed oil as the affected oil, e.g.
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Nielsen et al. (2005), Weidema et al. (2005) and SenterNo-
vem (20085). In addition, the entry of vegetable oils in LCA
is not limited to LCAs where oil is used. When applying
system expansion in order to avoid co-product allocation,
vegetable oils also enter into LCAs of products where veg-
etable oil is co-product of the product of interest, typically
protein feeds, e.g. fish and soy meal (Thrane 2004, Weidema
1999). Thus, a shift in the marginal oil from rapeseed to
palm oil also affects LCAs where protein is a raw material
or a co-product.

1 Purpose of the Study

The purpose of this study is to document that the marginal
supply of vegetable oil has shifted from rapeseed oil to palm
oil and to describe the product system of the new marginal
vegetable oil supply.

2 Methods

Consequential system delimitation, which is comprehensively
described by Weidema (2003), is different from traditional/
attributional system delimitation in two ways; 1) the included
processes are those which are expected to be affected by a
change in demand, i.e. the processes supplying the marginal
product instead of processes supplying the average products
used in attributional LCA modelling; and ii) co-product al-
location is avoided by system expansion instead of applying
allocation factors. A marginal technology is defined as the
technology actually affected by a change in demand, and is
identified as the one most sensitive to changes in demand.
The marginal technology must be identified within the rel-
evant market segment and among those which are flexible,
i.e. not constrained by legal, physical or market conditions.
Only substitutable technologies should be considered. In situ-
ations with an increasing or constant market trend, the mar-
ginal technology is identified as the most competitive tech-
nology. Reversely, in situations with a decreasing market
trend, the marginal technology is identified as the least com-
petitive technology. The most or least competitive technol-
ogy can be determined primarily on the basis of the price
relations between the technologies.

The study presented in this article includes two components;
1) the identification of the marginal supply of vegetable oils
and 2) determination of the product system, i.e. avoiding
co-product allocation by system expansion and the identifi-
cation of the marginal supply of the substitute for co-prod-
ucts. The first component includes identification of the rel-
evant market segment, flexible vegetable oils and substi-
tutable vegetable oils. The identification of the marginal
vegetable oil is then identified as the most competitive oil.
The oils competitiveness is determined from price relations.
The second component includes the identification of the co-
products. For each co-product, the marginal supplier of the
substitute is identified. The co-products of these substitutes
are also identified. The resulting affected system is deter-
mined using linear algebra.

As it appears from the results of this article, the marginal
supply is not necessary constant over time. Changes in the
market situation, in the regulation or in constraints on
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the production may cause changes in the marginal supply.
This is valid for the identification of the marginal supply
of the commodity of interest as well as for the possibly
displaced system.

3 Results
3.1 Identification of marginal vegetable oil

According to Oil World (2005), the market trend for veg-
etable oils is increasing, and palm, soy and rapeseed oils are
expected to remain growth leaders. Fig. 1 shows the market
trend for the four most important oils. Fig. 2 shows prices
and price forecasts for soy oil, sun oil and palm oil, relative
to rapeseed oil, and Table 1 shows food applications and
substitutions of different vegetable oils.

When identifying the marginal vegetable oil, this oil must
belong to the relevant market segment. Different vegetable
oils have different fatty acid compositions. Therefore, veg-
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Table 1: Applications and substitutions of different vegetable oils and fats. (ph) is an abbreviation of 'partially hydrogenated'. Based on (Clay 2004, p. 183)

Application Seed oils Palm oil Lauric oils
(soy, rape, sun) (Palm kernel and coconut)

Solid fats

Spreads, margarine, vanaspati x(ph) X X

Shortenings x(ph) X

Confectionary fats x(ph) X

Frying fats X

Ice cream fats x(ph) X X

Liquid fats

Frying oils X X

Salad oils X X

etable oils are in general not completely substitutable. The
demands of some applications can only be met by a few
oils, while the demands of the major applications of veg-
etable oils can be met by several oils (see Table 1). This ar-
ticle deals with the bulk of oils that covers the major appli-
cations. The major food applications of vegetable oils are
frying oil/fat, margarine, shortening and salad oils (Bockisch
1998). Other important applications are energy production
and, to a lesser extent, industrial oils (soaps, detergents etc.).
All major oils can be used for energy production.

It appears from Table 1 that the major seed oils (soy, rape
and sun) and palm oil are generally substitutable, while lau-
ric oils (palm kernel and coconut) have a lower substitut-
ability. Thus, for the general vegetable oil market, the mar-
ginal oil has to be found among soy, rape, sun or palm oil.

It appears from Fig. 2 that since 1999/00, the most competi-
tive oil has been palm oil followed by soy oil. Before 1999/00,
only little difference between rapeseed oil, soy oil and palm
oil can be seen. From 1994 to 2000, rapeseed oil was among
the most competitive oils, but after that, the price has increased
due to increased demand for bio diesel in the EU (Dahl 2005).
The demand for bio diesel is responsible for most of the in-
crease in the EU disappearance of rape, since rapeseed is still
the key material for bio diesel (Oil World, 2005, p. 19-20).
However, other oils also face an increasing demand for use in
bio diesel, so increase in prices may also be expected here.
During the period from 1994 to 2005, sun oil has in general
been the least competitive of the four oils. According to Fig. 1,
palm oil has been the fastest growing oil from 2001 to 2005,
and according to Oil World (2005), palm oil is forecasted to
remain the biggest growth market and to expand its market
shares at the expense of other oils, although the growth rate
to some extent is estimated to slow down. In FAPRI (2006),
palm oil is forecasted to remain the cheapest vegetable oil
during 2005/06 to 2015/16 while rapeseed oil prices are
predicted to exceed the price of sun oil. Also in FAPRI (2006),
the difference between soy oil and palm oil is predicted to
increase. Thus, it seems that palm oil will continue to be the
most competitive oil in the years to come. In addition, soy
oil, which is the second most competitive oil, is not consid-
ered as flexible because it is determined by the demand for
protein (Weidema 2003). Therefore, the identification of
palm oil as the new marginal vegetable oil since 1999/00
appears quite solid.
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3.2 Product system of palm oil applying system expansion in
order to avoid co-product allocation

In the palm oil mill, the fresh fruit bunches (FFB) are threshed
in order to separate the stalk tissue from the fruits. The fruits
are pressed in order to extract palm oil and the kernels are
sorted out from the press cake and sent to extraction in a
palm kernel oil mill. Thus, palm kernel oil (PKO) is a co-
product of palm oil production. This co-product can be dealt
with in three ways: 1) Since PKO can be used for the same
purposes as palm oil (see Table 1), it can be considered as a
fixed proportion of any palm oil supply; 2) PKO can be
considered as a dependant co-product which is dealt with
by system expansion; or 3) PKO can be considered as a co-
product which is dealt with by co-product allocation. As
co-product allocation is avoided in consequential LCA, the
last option is not considered here. Since there is some sub-
stitutability between PKO and the other oils in Table 1, we
argue that palm oil and PKO together can be considered as
one marginal oil supply. In the following, palm oil and palm
kernel oil together are referred to as PO. Both the first and
the second mentioned option lead to this recommendation.
If palm kernel oil is considered as a dependant co-product,
its marginal substitute is to be identified. The principal sub-
stitute for PKO is coconut oil (CNO). These oils are both
lauric oils, which have a smaller application area than the
seed oils, and the palm oil, as shown in Table 1. However,
according to Weidema and Wesnzs (2006), CNO is consid-
ered constrained because it is a small-holders crop and be-
cause it takes 5—7 years to mature, which limits its ability to
react easily on changes in market demand. Since there is
some substitutability between PKO and other oils, we argue
that the marginal substitute to PKO is to be found within
the broad applications such as margarine and spreads where
palm oil is considered as the marginal source.

In the product system of the marginal vegetable oil, the palm
kernel meal created by crushing palm kernels should also be
taken into account. The output of palm kernels per kg palm
oil in Malaysia in 2004 was 0.262 kg (MPOB 2005, p. 15,
17). The output from processing 1 kg palm kernels is
0.450 kg palm kernel oil and 0.520 kg palm kernel meal
(Oil World 2005). Thus, for each kg palm oil, there is an
output of 0.118 kg palm kernel oil and 0.136 kg palm ker-
nel meal. The palm kernel meal displaces marginal fodder
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protein and fodder energy, which are identified as soy meal
and barley, respectively (Weidema 2003). Since both soy
meal and barley contain both protein and energy, the dis-
placement of these crops should be balanced in order to
maintain a constant supply of protein and energy, when
performing system expansion on the palm oil system. When
soy meal is displaced, it should be taken into account that
one kg soy meal is co-produced with 0.233 kg soy oil (Oil
World 2005). This decrease in soy oil supply will again af-
fect the marginal oil, i.e. PO (palm oil and PKO). No sig-
nificant co-products are related to the production of barley
for fodder purposes.

The marginal producers of palm oil, soy bean and barley
are assumed to be Malaysia and Indonesia for palm oil,
Brazil for soy bean and Canada for barley. This is based on
predictions in FAPRI (2006), where these regions are fore-
casted to face the largest gross increase in cultivation from
2005/06 to 2015/16. The yields in the above-mentioned
regions are regarded as averages of 2004 and 2005:
19.37 ton FFB/ha for palm oil in Malaysia and Indonesia,
2.31 ton/ha for soy bean in Brazil and 3.19 ton/ha for bar-
ley in Canada (FAOSTAT 2006).

The product flows described above for palm oil, soy meal
and barley are summarized in Fig. 3. The input of FFB to
the palm oil mill in Fig. 3 is based on an oil extraction rate
of 0.2003 kg crude palm oil per kg FFB in Malaysia in 2004
(MPOB 2005).

The protein and energy content of soy meal, barley and palm
kernel meal are given in Magller et al. (2000). The energy
content of animal fodder is denoted in Scandinavian feed
units (FU). Using these data and the proportions between
co-products given in Fig. 3, the production of palm oil and
palm kernel oil (PO), soy meal (SM) and barley (BL) re-
quired to meet an increased demand of 1 kg vegetable oil is
calculated by solving the equation system (1) shown below.

It appears from Eq. (1) that a change in demand for 1 kg
vegetable oil requires 1.007 kg palm oil and displaces
0.028 kg soy meal and 0.066 kg barley. The reason why
more oil than the demanded 1 kg is required is that the dis-
placed soy meal is co-produced with soy oil. This 'missing'
oil has to be compensated for.

Relating to primary crops and their corresponding land oc-
cupation in Fig. 3, Table 2 summarises the required amounts
per demanded kg vegetable oil.

1 kg oil/kg PO 0.233 kg oil’/kg SM 0 kg oil/kg BL 1 kg oil
kg PO-|18.1 g prot./kg PO |+ kg SM-| 430 g prot./kg SM |+ kg BL-| 92 g prot./kg BL| = |0 g prot.
0.096 FU/kg PO 1.20 FU/kg SM 0.95 FU/kg BL 0 FU
U (1)
kg PO =1.007
kg SM =-0.028
kg BL =-0.066
Malaysia and Indonesia Brazil Canada
2.30 m?a 5.48 m?a 3.13m?a
| Oil palm plantation | | Soy field | Barley field
I I
4.463 kg FFB 1.264 kg soy bean
| Palm oil mill | | Soy mil |
I I
0.894 kg palm oil 0.234 kg kernels
| Palm kernel oil mill |
T
0.106 kg PKO
v
1.000 kg PO 0.122 kg meal 1.000 kg meal 0.233 kg soy oil 1.00 kg barley
Fig. 3: Product flow in the product systems of palm oil (PO), soy meal and barley
Table 2: Required primary crops and corresponding land use related to 1 kg marginal oil
Required crops and land per 1 kg Affected product system
demanded vegetable oil Oil paim Soy Barley
Primary crop 4.49 kg FFB —0.035 kg soy bean —0.066 kg barley
Land occupation 2.32 m?y -0.15 m?%y -0.21 m?%y
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4 Conclusions and Discussion

This article provides a specific example of how to identify
marginal technologies and how to deal with system expan-
sion. There is great substitutability among different oils and
many alternative oils can meet the same need. Therefore,
the marginal vegetable oil or a range of affected oils should
be included in future LCAs of vegetable oils. Based on a
description of the market segment, vegetable oils that are
able to react to changes in demand and price relation be-
tween oils, the marginal vegetable oil is identified as palm
oil. A shift from rapeseed oil to palm oil has been identified
around the year 2000. Secondly, it is shown that co-product
allocation between oils and meal can be avoided by system
expansion, by considering the energy and protein content in
the meal, which displaces a mix of the marginal sources of
energy and protein for animal fodder (barley and soy meal,
respectively). Hence, it is shown that a change in demand
for 1 kg vegetable oil requires 1.007 kg palm oil and dis-
places 0.028 kg soy meal and 0.066 kg barley.

The implications of a shift of the marginal vegetable oil from
rape to palm are quite significant. Many LCAs of rape-based
biodiesel, food products and other technical applications have
been conducted and are currently used as decision support
(Mehlin et al. 2003, De Nocker et al. 1998, SenterNovem
2005, Wightman et al. 1999, McManus et al. 2004, Nielsen
et al. 2005 and Beer et al. 2002). If the methodological pre-
conditions in the consequential models are accepted and the
shift of the marginal vegetable oil is taken into account, many
of the current LCAs of especially rapeseed and soy oil do
not focus on what is actually affected by the decisions they
were intended to support.

References

Beer T, Grant T, Morgan G, Lapszewicz J, Anyon P, Edwards ],
Nelson P, Watson H, Williams D (2002): Comparison of trans-
port fuels. Final Report (EV45A/2/F3C) to the Australian Green
House Office. Canberra. http://www.greenhouse.gov.au/trans-
port/comparison/ (accessed July 2006)

Bockisch M (1998): Fats and Oils — Handbook. AOCS Press,
Illinois

Clay J (2004): World Agriculture and the Environment — A com-
modity-by-commodity guide to impacts and practices. World
Wildlife Fund, Island Press, Washington DC

Dahl A (2005): Personal communication with Anders Dahl, Trad-
ing Manager, AarhusKarlshamn, Aarhus

De Nocker L, Spirinckx C, Torfs R (1998): Comparison of LCA
and external-cost analysis for biodiesel and diesel. Paper pre-
sented at the 2nd International Conference LCA in Agricul-
ture, Agro-industry and Forestry, Brussels, 3-4 December 1998

Ekvall T, Weidema B (2004): System boundaries and input data
in consequential life cycle inventory analysis. Int ] LCA 9 (3)
161-171

FAOSTAT (2006): FAOSTAT Agriculture Data. Food and Agri-
culture Organisation of the United Nations, http://apps.fao.org/
(accessed January 2006)

FAPRI (2006): FAPRI 2006, US and World Agricultural Outlook.
Food and Agriculture Research Institute, lowa

Int J LCA 13 (3) 2008

Hansen E (2004): Status for LCA i Danmark 2003 — Introduktion
til det danske LCA metode- og konsensusprojekt (English: Sta-
tus on LCA in Denmark 2003 - Introduction to the Danish
Methodology and Consensus Project on LCA). Radet vedro-
rende genanvendelse og mindre forurenende teknologi. http:/
www.lca-center.dk (accessed January 2006)

McManus MC, Hammond GP, Burrows CR (2004): Life-Cycle
Assessment of Mineral and Rapeseed Oil in Mobile Hydraulic
Systems. J Indust Ecol 7 (3—4) 163-178

Mehlin M, Zauner M, Githnemann A, Aoki R, Vance C,
Reichmuth M, Nill M, Ebert M, Zander F, Wacker M, Galster
M, Schick P, Kurrer M, Veeck M (2003): Renewable Fuels
for Cross Border Transportation. Directorate-General for En-
vironment, European Commission, Brussels. http://ec.europa.
eu/environment/air/pdf/renewable_fuels_final.pdf (accessed
July 2006)

MPOB (2005): 2004 — Review of the Malaysian Oil Palm Indus-
try. Economics and Industry Development Division, Malay-
sian Palm Oil Board, Kelana Jaya

Moller ], Thogersen R, Kjeldsen AM, Weisberg MR, Soegaard K,
Hvelplund T, Bersting CF (2000): Fodermiddeltabel — Sam-
menseatning og foderverdi af fodermidler til kveeg (English:
Feeding component table — Composition and feeding value of
feeding components for cattle), Rapport nr 91 Landsudvalget
for Kvaeg. Foulum, Denmark

Nielsen PH, Nielsen AM, Weidema BP, Dalgaard R, Halberg N
(2005): LCA food database. www.lcafood.dk. The database is
available in the LCA pc-software SimaPro 7.0

Oil World (2005): Oil World Annual 2005, May 31. ISTA Mielke
GmbH, Hamburg

SenterNovem (2005): Participative LCA on biofuels. Rapport
2GAVE-05.08. Ministry of Housing, Spatial Planning and the
Environment, Den Haag, Netherlands

Thrane M (2004): Environmental Impacts from Danish Fish Prod-
ucts — Hot Spots and Environmental Policies. PhD disserta-
tion, Department of Development and Planning, Aalborg Uni-
versity

Weidema BP (1993): Market aspects in product life cycle inven-
tory methodology. J Cleaner Prod 1 (3—-4) 161-166

Weidema BP (1999): System expansions to handle co-products of
renewable materials. Presentation Summaries of the 7th LCA
Case Studies Symposium SETAC-Europe, pp 45-48

Weidema BP (2003): Market information in life cycle assessment.
Environmental Project No. 863, 2003. Danish Environmental
Protection Agency, Copenhagen

Weidema BP, Nielsen AM, Halberg N, Kristensen IS, Jespersen
CM, Thodberg L (2005): Sammenligning af miljepavirkningen
af konkurrerende jordbrugsprodukter (English: Comparison
of the environmental impact from competiting agricultural
products). Miljeprojekt Nr. 1028, Miljostyrelsen, Copenhagen

Weidema BP, Wesnzs M (2006): Marginal production routes and
co-product allocation for alcohol etoxylate from palm oil and
palm kernel oil. 2.-0 LCA consultants, Copenhagen

Wightman S, Eavis RM, Walker KC, Batchelor SE, Carruthers SP,
Booth EJ (1999): Life-Cycle Assessment of Chainsaw Lubri-
cants made from Rapeseed Oil or Mineral Oil. Proceedings
from 10th International Rapeseed Congress. Canberra. http:/
www.regional.org.au/au/gcirc/5/173.htm (accessed July 2006)

Received: December 19th, 2006
Accepted: July 10th, 2007
OnlineFirst: July 11th, 2007

239




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (ISO Coated v2 300% \050ECI\051)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Perceptual
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 600
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [595.276 841.890]
>> setpagedevice


