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End-of-life LCA allocation methods: open loop
recycling impacts on robustness of material
selection decisions

Anna L. Nicholson, Elsa A. Olivetti, Jeremy R. Gregory, Frank R. Field, and Randolph E. Kirchain

Abstract— Materials selection decisions exhibit great influence
on the environmental performance of firms through their impact
on processing technology, product form, and supply chain
configuration. Consequently, materials dictate a product’s
environmental profile via the burden associated with extraction
and refining, transformation from material to product, product
performance characteristics during use, and potential recovery at
end-of-life (EOL). While lifecycle assessment (LCA) methods
provide quantitative input to a product designer’s materials
selection decision, LCA implementations are evolving and
disparate. This work explores several analytical variations of
LCA related to the allocation of recycling impacts at product
EOL and the implications of these variants across a range of
contexts. Stylized analyses across a range of materials are
presented, focusing on materials with varying primary and
secondary materials production burdens. This work illustrates
that a) the application of distinct EOL allocation methods give
different values of cumulative environmental impact for the same
material, b) these impacts change at differing rates between the
various methods, and c) these disparities can result in different
rank ordering of materials preference. Characterizing this
behavior over a range of parameters illustrates the potential
trends in allocation method bias for or against particular
materials classes.

Index Terms— end-of-life, life cycle assessment, materials
selection, recycling

I. INTRODUCTION

ndustries today deal with a range of environmental
Ipressures that are diverse, dynamic, and demand new levels
of accountability, financial commitment, and supply chain
capabilities. Environmental pressures stem from four key
sources, including regulations, resource accessibility, ethical
responsibility, and consumer demand for environmentally-
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minded products [1]. As these concerns filter down to an
operational level, they challenge industries to conduct
business in ways that are sustainable, or minimize impact on
the natural environment and human health while improving
societal interests. Materials selection decisions provide one
important lever to improve the environmental performance of
firms because of the impact of a material choice over a
product’s entire lifecycle. A product’s constituent materials
drive its environmental profile because of the burden
associated with extraction and processing from material to
product, product performance during use, and end-of-life
(EOL) disposal. Given their fundamental impact, effective
tools to inform the environmental implications of materials
selection are critical to enabling the transition to a sustainable
enterprise.

Of the methods available to incorporate environmental
information into the materials selection process, the most
general and broadly discussed is life cycle assessment (LCA).
LCA requires the analyst to characterize each stage of a
product or process, presenting a particular challenge for
materials selection decisions occurring early in product
development cycles, when options are ample, but data is
scarce. As a result, a critical question emerges concerning the
effectiveness of LCA to support materials selection decisions:
Can LCA results resolve the environmental performance of
materials alternatives given the level of uncertainty endemic to
materials selection?

One frequently discussed challenge in LCA methodology is
the allocation or partitioning of environmental burdens
between various coproducts or processes with multiple inflows
or outflows. For example, when calculating the disposal
burden of a particular municipal solid waste stream, landfill
emissions, such as carbon dioxide and methane, must be
allocated among the host of materials within a landfill. This
work considers the allocation challenge brought by
partitioning the benefits or “credits” and burdens at product
EOL in the case of open loop recycling. Currently, LCA ISO
14040 standards do not explicitly address the issue of EOL
accounting in open loop recycling [2] and a diverse set of
methods exist to address this challenge [3]. Another LCA
standard, focused on quantifying greenhouse gas emissions is
the Publically Available Specification (PAS 2050) developed
in the United Kingdom, which describes seven allocation
strategies and leaves the burden of open loop recycling
calculations to the life cycle analyst [4]. One method is to
employ system boundary expansion to include all products



affected by the secondary material flow of the original
product, which can be overly cumbersome or infeasible in
terms of data collection [5]. For metals that can be reused
many times, boundary expansion can introduce large sources
of uncertainty or lead to a costly and time consuming effort. A
recent publication by Frees [6] suggests an allocation
approach for aluminum based on determining the price
elasticity of primary and recycled aluminum for various
products, building on the work of Ekvall and others [7-9]. A
conceptually robust method, developed by Franklin
Associates, requires the analyst to assume recovery rates and
predict the number of times recycling will occur, given the
incarnation of future products [10]. While EOL allocation
methods have been evaluated for specific products such as
waste wood [11], this work examines where the variation in
results may be most amplified over a range of relationships
between material characteristics, such as the ratio between
primary and secondary energy use.

The work presented here builds on previous efforts to
explore the implications of various EOL allocation schemes
on the elected materials selection decision [12]. Specifically,
questions of whether EOL allocation methods can lead to
different materials selection decisions are investigated and
how these allocation methods differentially favor certain
material classes.

II. EOL ALLOCATION METHODS

A. Method description

This paper describes how materials selection decisions
might be impacted by using five different EOL allocation
methods to determine cumulative environmental impact.
Table I outlines the different allocation methods analyzed in
this work in relation to the life cycle cascade characterized by
Ekvall and Tillman represented in Fig. 1 [13]. Each of the
methods described below derive from different perspectives
on what is considered reasonable or fair in terms of burden
allocation. This equations in Table I do not include a use
phase burden.

Primary

Material 1(V1)

Production Recycling Production Recycling Production
Product 1 1(RI) Product 2 2(R2) Product3
‘ 7 Y * X
Useof Useof Useof
product 1 product 2 product 3

Waste Manage-
ment (W3)

Fig. 1. Life cycle cascade of product material flows and processes involving
open loop recycling for 3 life cycles [13].

The Cut-off method argues that each product should only
be assigned environmental impacts directly caused by that
product; hence the primary material burden (V1) is assigned to
the life cycle burden (L1) for Product 1. This assumes that had
Product 1 never come into existence, no virgin material would
be associated with its creation. Similarly, the recycling or

secondary material burden (R1) associated with Product 1 is
ascribed to Product 2 (L2). The recycling burden (R2) of
Product 2 is assigned to Product 3 (L3), which is also
accountable for any burden associated with final waste
treatment (W3).

Losses of quality methods are based on the perspective
that virgin material production and final waste treatment are
necessary steps for the provision. As a material is recycled, the
original material suffers a loss in quality which makes a
certain level of upgrading necessary to achieve the same
material function. These methods make use of a material
quality metric, which ascribes environmental burden to each
product life cycle based on its value in the product cascade.
Material pricing data for primary and secondary sources can
be used as a proxy for material quality.

The Closed loop method assumes that each product is
equally responsible for the environmental impacts associated
with virgin material production, recycling, and final waste
treatment. The burden is therefore an average impact,
apportioned equally among products depending on the number
of times recycling occurs in the product cascade.

TABLE 1. DESCRIPTIONS AND FORMULAS FOR DIFFERENT EOL ALLOCATION
METHODS, VARIABLES AS DESCRIBED IN FIG. 1 AND DEFINED BELOW.

Method Description Formula
Loads directly caused _ _ _
Cut-off . Ll =VLL2=RLL3=R2+W3
method by product are assigned
to that product [13].
. Q.
Loss of Ass1gn§ load to products L = L (VI+RI+R2+W3)
Lalit in relation to their [
Ele tho}:i relative loss of quality Z Q
in each step [13]. =l
Applicable to materials
that do not experience V1+(RI+R2) + W3
Closed loop L : Ll=[2=[3-———
method significant losses in
quality when recycled n
[14].
Virgin material VI4RI1+W3
production and waste Ll=—m8 ,
50/50 treatment are allocated n-1
method to the ﬁrs't and last RI4R2 VI+R24W3
products in equal 2=
proportions [13, 15]. n—1 n-1
Recycled material
Substitution | Substitutes primary; L1 = (100%-1%) x (R1) + 1% X (V1+W3)
method accounts for lost
material and recycling
burdens [16].
i is the quality of material (quality ratios can be computed using market
quality quality p g
pricing data for primary and scrap materials), # is the number of life cycles,
and r is the amount of primary material needed in secondary material
production to account for lost material in the recycling process.

The 50/50 Method ascribes the burden of virgin material
production and waste treatment to the first and last products in
equal proportions. This method of EOL allocation promotes an
underlying rationale that supply and demand for recycled
material are both necessary to enable recycling. According to
the impact formula, the use of recycled material and the
production of recyclable products are preferable when the
environmental impacts of recycling are less than the combined
impacts of virgin material production and final waste
treatment [15].

In the Substitution method, the environmental burden of



each product life cycle in the cascade is equal (L1=L2=L3),
and corresponds to the burden of producing the virgin
material, which is required to offset the material “lost” to
environmental degradation each time the product is recycled.
Additionally, the burden of recycling operations must be
charged to the product system under study. Typically, this
method is applied to certain metals, such as aluminum and
steel, which maintain their inherent properties when recycled.

B. Example analysis

The differences in the equations in Table I imply that
calculating total environmental burden for a particular material
would result in different values depending on the allocation
method used. A small example illustrates this point by
determining the environmental burden of L1 for one kilogram
each of three materials: uncoated copy paper (A), corrugated
unbleached cardboard (B), and steel (C) where n, the number
of product life cycles, is assumed to be identical for all three
materials and » = 0.1. Data for primary material burden (V1)
and secondary material burden (R1) were taken from the
Environmental Defense Fund Paper Calculator [17] and the
ecoinvent v2.0 database (with the analysis performed using the
Cumulative Energy Demand environmental impact assessment
methodology [18]); cumulative environmental impacts were
calculated according to the equations in Table 1. The material
with the minimum environmental impact is the preferred
material. It should be noted that this analysis does not include
a use phase burden as these materials are not associated with a
particular product. The waste burden (W3 above) is
considered small in magnitude compared to the primary and
secondary burdens and therefore is omitted from the
calculations. This analysis is not intended to suggest that these
materials would be substitutes for each other; actual data for
materials was used simply for illustrative purposes.

Fig. 2, the result of this small analysis, shows that the
environmental impact in terms of Cumulative Energy Demand
(CED) of L1 is different for these materials between just three
representative EOL allocation methods: Cut-off, Closed loop,
and Substitution. The rank order for preferred material (in
order of most to least preferred material) is [A, B, C] for the
Cut-off method, [A, C, B] for the Closed loop method, and [C,
A, B] for the Substitution method.

50 B A-copy paper
B-cardboard
40
B C-steel

|

Cut-otf

Closed loop Substitution

Fig. 2. Environmental impact in CED of L1 for unbleached copy paper (A),
corrugated unbleached cardboard (B), and steel (C). Arrows indicate
minimum impact or preferred material and numbers 1-3 indicate order of
most to least preferred material.

This example clearly illustrates that 1) cumulative
environmental impact results differ according to EOL
allocation method, 2) results change across methods at a
different rate for different materials, and 3) results differ in a
way that can change the order of materials preference or rank
order. If changes in EOL recycling allocation methods can
significantly affect results, a potential question that arises from
this analysis is: Do these methods systematically “favor”
certain materials and what are the characteristics of those
materials that drive this favor? In order to begin to answer this
question, results are presented for an analysis that varies a
series of parameters to determine the nature of a potential
EOL allocation method’s bias for or against certain materials
characteristics.

III. APPROACH

A. Assumptions and parameter definitions

In order to test the robustness of materials selection
decisions when using different LCA EOL allocation methods,
a case was developed comparing a Baseline Material with an
equivalent amount of various Comparator Materials. To
isolate the effects of the EOL allocation method, this analysis
does not consider the use phase associated with these
materials; therefore, the subsequent results do not identify the
preferred material for any given application where use phase
drives, or represents a significant fraction of, environmental
performance. However, differences in the evaluation of these
phases would directly translate into the necessary difference in
use phase performance to identify a preferred material.

To develop appropriately parameterized versions of the five
EOL allocation methods described above, some nomenclature
is defined. For the purposes of this analysis, environmental
impact is measured in MJ, and the primary and secondary
burdens can be thought of as the energy for primary and
secondary materials production. Let m represent the ratio
between the primary energies associated with producing one
kg of Comparator Material A to producing one kg of the
Baseline Material B, V/Vg. Parameter & corresponds to the
ratio of secondary production energy to primary production
energy (Ra/V, or Rp/Vp) and ¢ is a measure of material
degradation through recycled generations calculated using
market pricing data for primary and scrap materials. Other
assumed parameters include r, used to indicate the amount of
primary material needed in secondary material production to
account for lost material in the recycling process and #, the
number of generations a material can be reused before it is
discarded.

B. Hybrid life cycle framing

Most products are not easily classified as L1, L2, or L3, but
rather represent some blend of all three due to the
impossibility of knowing the fate or history of materials in
products. Therefore, let L, define a “hybrid” product life cycle
burden for each EOL allocation method as a weighted average
of the various L1, L2, and L3 burdens calculated using the
equations found in Table I. This section describes the method



for calculating the weighted averages to be applied to L1, L2
and L3 for the development of the hybrid life cycle.

Table II shows the percentage contribution of the L1, L2 and
L3 burdens towards a hybrid life cycle burden. Each of the
rows in Table II corresponds to a path (dashed line) in Fig. 3
illustrating the calculation of the weightings for each L within
the hybrid life cycle. These paths are explained in more detail
below.

TABLE II. PERCENTAGE CONTRIBUTION OF PATHWAYS FOUND IN FIG. 3.

Path | Maps to Example Theoretical
Percentage Burden | Percentage Burden
a L1 0.1x0.9=0.09 rXs
b | VI+W3 | 0.1x0.1=0.01 rx(1-ys)
c L2 0.9%x0.9=0.81 (1-r)xs
d L3 0.9%x0.1=0.09 (1-r)x(1-ys)

) 90% ~ Recyclate
A2 ey

10%
1 'S "LOSt”

Fig. 3. Schematic diagram for environmental burden hybrid pathway

For this example hybrid life cycle, 10% primary material (r)
and 90% recycled material (i.e. 1-r) enter the product stream.
The dashed lines a, b, ¢, and d represent the fraction of the
environmental burden associated with L1, L2, and L3. The
fractional burden associated with the first life cycle stage, or
L1, is the percentage primary content multiplied by the
percentage recyclate that emerges post-life cycle stage (also
noted as s). In this case, » =1 - s, a condition necessary for the
system to not experience any accumulation or loss. This
material path is traced by the dashed line “a” in Fig. 3. The
fractional burden associated with L2 is the percentage
recycled content multiplied by the percentage recyclate on the
right side of the life cycle stage, traced by the dashed line “c”.
The dashed line “d” traces the fractional burden associated
with L3 and accounts for material that is essentially lost in the
life cycle (1-s) due to processing, use, disposal, degradation,
etc. The dashed line “b” represents the fractional
environmental burden of the lost material that can be
attributed to primary material processing and final waste
disposal (V1 and W3, respectively), and in this case is
calculated by multiplying the percentage primary material by
the percentage lost material.

After multiplying L1, L2 and L3 by their fractional burden,
the hybrid burden, shown in Egs. 2 and 3 below, is simply the
sum of each of these.

Therefore for the example described above:

L, =(0.09x L1)+(0.01x (VI+W3)) + (0.81xL2) + (0.09xL3) (1)
More generally, this equation would be given by:
LIX(rxs)+(VI+W3)x (rx(1=5)) + L2x ((1 = r)x5) + L3((1- ) x (1= s)) (2)
Due to the small fractional burden associated with the lost
material in V1+W3, the contribution of this impact is ignored
in this analysis.

Fig. 4 shows a comparison between the hybrid
environmental burden calculation method and L1, L2, and L3.
In this example, m is 0.1, k~=kz=0.5, n,~nz=3, q,~q5=0.5, and
r~=rg=0.1. The Closed loop and Substitution methods
maintain a relatively consistent result across the L1, L2, L3,
and the hybrid life cycle burden, as these EOL allocation
methods average the burden between the life cycles. For the
remaining three methods, Cut-off, Loss of quality, and 50/50,
the hybrid life cycle burden is less than the burden associated
with L1. This hybrid life cycle, the weighted average of L1,
L2, and L3 will be used for the remainder of the analysis.

3.5
[ oL
*1E oL2
mL3

B Hybrid

Cut off

Closed
Loop

50/50

Substitution

Loss of
Quality

Fig. 4. Comparison of hybrid and conventional life cycle calculation methods
for m=0.1, k~kz=0.5, n/=np=3, q.~q5=0.5, ri=rg=s~s5=0.1

IV. RESULTS

The following results describe the sensitivity of the preferred
material for each of the five EOL methods to the value of
parameter k, (the ratio of secondary materials production
energy to primary materials production energy for the
Comparator material). Here the Comparator material (Material
A) is evaluated against the Baseline (Material B) material for
the hybrid life cycle burden. Two values for m were explored.
First, m = 0.1, where the Comparator and Baseline materials
exhibit a high discrepancy between primary energies, and,
second, m = 1.1, where the materials have very similar
primary energies. In addition, two values of kp were explored,
the ratio of secondary production energy to primary
production energy for the Baseline material. The figures below
show how the cumulative environmental impact of Material A
compares with Material B in terms of the difference in energy
between Material A and Material B. In these plots, negative
values indicate a preference for Material A while positive
values indicate preference for Material B. The concept of
method rank order is also explored in these delta plots, which
considers how the methods change in their relative preference
for a certain material across the varied parameter. To restate,
Fig. 5 - Fig. 8 examine the hybrid life cycle burden for m =
0.1, and 1.1 and k3 = 0.1 and 0.9 as a function of k4. All other
variables are as stated in Fig. 4.

A. Large primary production energy difference

Fig. 5 plots the difference between the environmental
burdens of Material A and Material B and illustrates the
sensitivity of environmental burden with k, at low values of m
(0.1) and low kg (0.1) across each of the five EOL methods.
This describes a case when the magnitude of the primary



energy for Comparator materials is much less than that of the
Baseline material (V,<<Vp) and the secondary production
energy is considerably lower than the primary energy for the
Baseline material. As seen in this plot, the methods do not
significantly change in their relative rank order across the
parameter ky, with all methods preferring Material A.
Irrespective of EOL allocation, Material A is assessed at a
significantly lower total burden than Material B. The
consistent flattened slope of all 5 methods in Fig. 5
demonstrates that all methods are equally and weakly sensitive
to ky, with a slight increase in favor for Material B as the
secondary production energy for Material A, k4, grows. For
this case, the five allocation methods essentially converge to
two lines in the burden difference plot in Fig. 5, serving as an
upper and lower bound on the degree of preference for
Material A. Specifically, the Closed loop and Loss of quality
methods trend together, and the Cut-off, 50/50 and
Substitution methods converge in a second higher trend.

0
q*
=3
m
= -10 A
Q
®
=
' — - Closed loop
<
" -20 = Loss of Quality
8 — 50/50
S —.—-Substitution - 10%
-30 T T T
0.1 0.3 0.5 07 0.9
Ka

Fig. 5. Material A-Material B for the hybrid life cycle burden, m=0.1, k3=0.1

Fig. 6 depicts the same sensitivity with &k, at m = 0.1,
however, here the recycling burden of Material B is higher,
with £3=0.9. Consistent with the previous plot, this graph
reveals that for comparatively large discrepancies between
primary energy values of Material A compared to Material B
(low values of m), EOL allocation methods maintain that
Material A is the environmentally preferred, relatively
insensitive to changes in parameter k4. The Cut-off, Closed
loop and 50/50 methods exhibit slightly stronger sensitivity to
k, than the other methods, and the higher value of &z serves to
mute the difference between the methods. The choice of
method does not change the preferred material, and methods
maintain consistent rank order across the parameter k.

0
e I - Cut-off
=
- — - Closed loop
m .
- Loss of Quality
8-10
:.,: — 50/50
8 —-—-Substitution - 10%
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-30 ‘ ‘ | |
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Fig. 6. Material A-Material B for the hybrid life cycle burden, m=0.1, k5=0.9

B. Small primary production energy difference

Fig. 7 plots the difference between the environmental burden
of Material A and Material B at high values of m (1.1) and low
kg (0.1) across each of the five EOL methods. This describes a
case when the magnitude of the primary energy for
Comparator materials is similar to that of the Baseline material
(Vo = Vp) and the secondary production energy is
considerably lower than the primary energy for the Baseline
material. The strong positive slope exhibited by all methods
indicates that material preference depends on the parameter &,
and this dependence is stronger for Cut-off, 50/50, and
Substitution methods. The plot reveals that when kg, or the
recycling energy of the Baseline material is low, all methods
prefer Material B at low &, values and as k, grows, so does the
relative magnitude of their preference for Material B. The two
sets of trend lines are again evident. There is a shift in rank
order between these methods at low Comparator material
recycling energy, k.

30 - '
/z’.‘ ol
20 Material B preferred — ) d
2
@ 40
g
&
-
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-30 - : _
0.1 03 05 07 09

Ka
Fig. 7. Material A-Material B for the hybrid life cycle burden, m=1.1, k3=0.1,
grey region indicates when Material B is preferred

For the case of m =1.1 at higher k3, as shown in Fig. 8, there
is a method preference for Material A at low &, values up to an
approximately k, =0.7-0.8, at which Material B becomes the
environmentally preferable material for all methods.
Additionally, there is a crossover point at ~k, = 0.85, at which
methods demonstrate a switching in relative rank order. In Fig.
8 this is seen when the lines associated with the 50/50,
Substitution, and Cut-off methods, with increased sensitivity



to k,, shift above the other trend lines (Closed loop and Loss
of quality).

Ju .

20

Material B preferred

10

— = - Closed loop

Material A - Material B (MJ)
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. - ) Loss of Quality
20 " Material A preferred | — - 5050
==~ Substitution - 10%
-30
01 03 05 07 09
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Fig. 8. Material A-Material B for the hybrid life cycle burden, m=1.1, £5=0.9,
grey region indicates when Material B is preferred

In general, at higher m, or smaller differences between the
primary energies of materials, the materials preference
sensitivity to k, increases. Consideration of the hybrid life
cycle indicates the wvarious EOL methods converge to
approximately two trend lines. At high values of m, one trend
line (50/50, Substitution, and Cut-off methods) shifts above
the other trend line (Closed loop and Loss of quality),
depending on parameter k.

V. CONCLUSION

The results of this work indicate that the choice of EOL
allocation method can have a significant impact on materials
selection decisions. Specifically, this paper has demonstrated
that 1) cumulative environmental impact results differ
according to EOL allocation method, 2) the results change
across methods at a different rate for different materials, and
3) they differ in a way that can change the order of materials
preference or rank order.

When the primary energy of one material is much less than
the alternative (i.e., V, << V), the preferred material remains
the same regardless of EOL allocation method; all methods
incentivize the use of Material A regardless of the energy
associated with recycling either material.

However, when materials have similar primary energy
burdens, material preference will change depending on the
EOL allocation method. Notably, methods show differential
preference for materials with larger disparity between the
impact of primary and secondary production, k. Specifically,
the trend line including the 50/50, Substitution, and Cut-off
methods show a much stronger bias against materials with
high recycling burden compared to the methods Closed loop
and Loss of quality. This differential preference leads to a
change in rank order between Materials A and B depending on
the method selected. The results of this analysis demonstrate
that as m (Va/Vg) approaches 1, the difference in the relative
sensitivity of the EOL allocation methods becomes apparent.

Future work will explore alternate LCA impact assessment
methodologies such as Eco-indicator 99 [19] where the value
of W, the disposal burden, becomes large, and therefore
cannot be eliminated, to more fully characterize how different

EOL allocation methods impact materials selection decisions.
Variations in the other parameters such as 7, ¢, and n as well
as the impact of a use phase will be explored.

REFERENCES

[1] J. Paquette, "The Supply Chain Response to Environmental Pressures,"
in Engineering Systems Division Cambridge: Massachusetts Institute of
Technology, 2006.

[2] ISO 14040, "Environmental Management -- Life Cycle Assessment --
Principles and framework.," Geneva: International Organization for
Standardization, 1997.

[31 J. G. Vogtlander, H. C. Brezet, and C. F. Hendriks, "Allocation in
recycling systems - An integrated model for the analyses of
environmental impact and market value," International Journal of Life
Cycle Assessment, vol. 6, pp. 344-355, 2001.

[4] "PAS 2050: Specification for the assessment of the life cycle greenhouse
gas emissions of goods and services," British Standards Institute, 2008.

[5] C. Buhe, G. Achard, J. F. LeTeno, and J. L. Chevalier, "Integration of
the recycling processes to the life cycle analysis of construction
products," Resources Conservation and Recycling, vol. 20, pp. 227-243,
Aug 1997.

[6] N. Frees, "Crediting aluminium recycling in LCA by demand or by
disposal," International Journal of Life Cycle Assessment, vol. 13, pp.
212-218, May 2008.

[717 T. Ekvall, "A market-based approach to allocation at open-loop
recycling," Resources Conservation and Recycling, vol. 29, pp. 91-109,
Apr 2000.

[8] T. Ekvall and B. P. Weidema, "System boundaries and input data in
consequential life cycle inventory analysis," International Journal of
Life Cycle Assessment, vol. 9, pp. 161-171, 2004.

[91 W. Klopffer, "Allocation Rule for Open-loop recycling in Life Cycle
Assessment," International Journal of Life Cycle Assessment, vol. 1, pp.
27-31, 1996.

[10] T. K. Boguski, R. G. Hunt, and W. E. Franklin, "General Mathematical-
Models for LCI Recycling," Resources Conservation and Recycling, vol.
12, pp. 147-163, Nov 1994.

[11] F. Werner, H. J. Althaus, K. Richter, and R. W. Scholz, "Post-consumer
waste wood in attributive product LCA - Context specific evaluation of
allocation procedures in a functionalistic conception of LCA,"
International Journal of Life Cycle Assessment, vol. 12, pp. 160-172,
May 2007.

[12] A. Nicholson, S. Das, F. R. Field, J. Gregory, and R. Kirchain, "Methods
for Managing Uncertainty in Material Selection Decisions: Robustness
of Early Stage Life Cycle Assessment," in REWAS (Global Symposium
on Recycling, Waste Treatment and Clean Technology), Cancun,
Mexico, 2008.

[13] T. Ekvall and A.-M. Tillman, "Open-Loop Recycling: Criteria for
Allocation Procedures," International Journal of Life Cycle Assessment,
vol. 2, pp. 155-162, 1997.

[14] A.-M. Tillman and H. Baumann, The Hitch Hiker's Guide to LCA. Lund,
Sweden: Studentlitteratur AB, 2004.

[15] R. Karlsson, "LCA as a guide for the improvement of recycling," in
European Workshop on Allocation in LCA, Leiden, 1994.

[16] European Aluminium Association, "Aluminium Recycling in LCA,"
2005.

[17] "Environmental Defense Fund," www.papercalculator.org.

[18] R. Frischknect and N. Jungbluth, "Implementation of Life Cycle Impact
Assessment Methods. Final Report ecoinvent 2000," in Swiss Centre for
LCI,2003.

[19] M. Goedkoop and R. Spriensma, "The Eco-indicator 99, A Damage
Oriented Method for Life Cycle Impact Assessment-Methodology
Report," PRe Consultants, 2001.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.6
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /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 0
  /ParseDSCComments false
  /ParseDSCCommentsForDocInfo false
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo true
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Remove
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
    /AbadiMT-CondensedLight
    /ACaslon-Italic
    /ACaslon-Regular
    /ACaslon-Semibold
    /ACaslon-SemiboldItalic
    /AdobeArabic-Bold
    /AdobeArabic-BoldItalic
    /AdobeArabic-Italic
    /AdobeArabic-Regular
    /AdobeHebrew-Bold
    /AdobeHebrew-BoldItalic
    /AdobeHebrew-Italic
    /AdobeHebrew-Regular
    /AdobeHeitiStd-Regular
    /AdobeMingStd-Light
    /AdobeMyungjoStd-Medium
    /AdobePiStd
    /AdobeSansMM
    /AdobeSerifMM
    /AdobeSongStd-Light
    /AdobeThai-Bold
    /AdobeThai-BoldItalic
    /AdobeThai-Italic
    /AdobeThai-Regular
    /AGaramond-Bold
    /AGaramond-BoldItalic
    /AGaramond-Italic
    /AGaramond-Regular
    /AGaramond-Semibold
    /AGaramond-SemiboldItalic
    /AgencyFB-Bold
    /AgencyFB-Reg
    /AGOldFace-Outline
    /AharoniBold
    /Algerian
    /Americana
    /Americana-ExtraBold
    /AndaleMono
    /AndaleMonoIPA
    /AngsanaNew
    /AngsanaNew-Bold
    /AngsanaNew-BoldItalic
    /AngsanaNew-Italic
    /AngsanaUPC
    /AngsanaUPC-Bold
    /AngsanaUPC-BoldItalic
    /AngsanaUPC-Italic
    /Anna
    /ArialAlternative
    /ArialAlternativeSymbol
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialMT-Black
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialRoundedMTBold
    /ArialUnicodeMS
    /ArrusBT-Bold
    /ArrusBT-BoldItalic
    /ArrusBT-Italic
    /ArrusBT-Roman
    /AvantGarde-Book
    /AvantGarde-BookOblique
    /AvantGarde-Demi
    /AvantGarde-DemiOblique
    /AvantGardeITCbyBT-Book
    /AvantGardeITCbyBT-BookOblique
    /BakerSignet
    /BankGothicBT-Medium
    /Barmeno-Bold
    /Barmeno-ExtraBold
    /Barmeno-Medium
    /Barmeno-Regular
    /Baskerville
    /BaskervilleBE-Italic
    /BaskervilleBE-Medium
    /BaskervilleBE-MediumItalic
    /BaskervilleBE-Regular
    /Baskerville-Bold
    /Baskerville-BoldItalic
    /Baskerville-Italic
    /BaskOldFace
    /Batang
    /BatangChe
    /Bauhaus93
    /Bellevue
    /BellGothicStd-Black
    /BellGothicStd-Bold
    /BellGothicStd-Light
    /BellMT
    /BellMTBold
    /BellMTItalic
    /BerlingAntiqua-Bold
    /BerlingAntiqua-BoldItalic
    /BerlingAntiqua-Italic
    /BerlingAntiqua-Roman
    /BerlinSansFB-Bold
    /BerlinSansFBDemi-Bold
    /BerlinSansFB-Reg
    /BernardMT-Condensed
    /BernhardModernBT-Bold
    /BernhardModernBT-BoldItalic
    /BernhardModernBT-Italic
    /BernhardModernBT-Roman
    /BiffoMT
    /BinnerD
    /BinnerGothic
    /BlackadderITC-Regular
    /Blackoak
    /Bodoni
    /Bodoni-Bold
    /Bodoni-BoldItalic
    /Bodoni-Italic
    /BodoniMT
    /BodoniMTBlack
    /BodoniMTBlack-Italic
    /BodoniMT-Bold
    /BodoniMT-BoldItalic
    /BodoniMTCondensed
    /BodoniMTCondensed-Bold
    /BodoniMTCondensed-BoldItalic
    /BodoniMTCondensed-Italic
    /BodoniMT-Italic
    /BodoniMTPosterCompressed
    /Bodoni-Poster
    /Bodoni-PosterCompressed
    /BookAntiqua
    /BookAntiqua-Bold
    /BookAntiqua-BoldItalic
    /BookAntiqua-Italic
    /Bookman-Demi
    /Bookman-DemiItalic
    /Bookman-Light
    /Bookman-LightItalic
    /BookmanOldStyle
    /BookmanOldStyle-Bold
    /BookmanOldStyle-BoldItalic
    /BookmanOldStyle-Italic
    /BookshelfSymbolOne-Regular
    /BookshelfSymbolSeven
    /BookshelfSymbolThree-Regular
    /BookshelfSymbolTwo-Regular
    /Botanical
    /Boton-Italic
    /Boton-Medium
    /Boton-MediumItalic
    /Boton-Regular
    /Boulevard
    /BradleyHandITC
    /Braggadocio
    /BritannicBold
    /Broadway
    /BrowalliaNew
    /BrowalliaNew-Bold
    /BrowalliaNew-BoldItalic
    /BrowalliaNew-Italic
    /BrowalliaUPC
    /BrowalliaUPC-Bold
    /BrowalliaUPC-BoldItalic
    /BrowalliaUPC-Italic
    /BrushScript
    /BrushScriptMT
    /CaflischScript-Bold
    /CaflischScript-Regular
    /Calibri
    /Calibri-Bold
    /Calibri-BoldItalic
    /Calibri-Italic
    /CalifornianFB-Bold
    /CalifornianFB-Italic
    /CalifornianFB-Reg
    /CalisMTBol
    /CalistoMT
    /CalistoMT-BoldItalic
    /CalistoMT-Italic
    /Cambria
    /Cambria-Bold
    /Cambria-BoldItalic
    /Cambria-Italic
    /CambriaMath
    /Candara
    /Candara-Bold
    /Candara-BoldItalic
    /Candara-Italic
    /Carta
    /CaslonOpenfaceBT-Regular
    /Castellar
    /CastellarMT
    /Centaur
    /Centaur-Italic
    /Century
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CenturySchL-Bold
    /CenturySchL-BoldItal
    /CenturySchL-Ital
    /CenturySchL-Roma
    /CenturySchoolbook
    /CenturySchoolbook-Bold
    /CenturySchoolbook-BoldItalic
    /CenturySchoolbook-Italic
    /CGTimes-Bold
    /CGTimes-BoldItalic
    /CGTimes-Italic
    /CGTimes-Regular
    /CharterBT-Bold
    /CharterBT-BoldItalic
    /CharterBT-Italic
    /CharterBT-Roman
    /CheltenhamITCbyBT-Bold
    /CheltenhamITCbyBT-BoldItalic
    /CheltenhamITCbyBT-Book
    /CheltenhamITCbyBT-BookItalic
    /Chiller-Regular
    /CMB10
    /CMBSY10
    /CMBSY5
    /CMBSY6
    /CMBSY7
    /CMBSY8
    /CMBSY9
    /CMBX10
    /CMBX12
    /CMBX5
    /CMBX6
    /CMBX7
    /CMBX8
    /CMBX9
    /CMBXSL10
    /CMBXTI10
    /CMCSC10
    /CMCSC8
    /CMCSC9
    /CMDUNH10
    /CMEX10
    /CMEX7
    /CMEX8
    /CMEX9
    /CMFF10
    /CMFI10
    /CMFIB8
    /CMINCH
    /CMITT10
    /CMMI10
    /CMMI12
    /CMMI5
    /CMMI6
    /CMMI7
    /CMMI8
    /CMMI9
    /CMMIB10
    /CMMIB5
    /CMMIB6
    /CMMIB7
    /CMMIB8
    /CMMIB9
    /CMR10
    /CMR12
    /CMR17
    /CMR5
    /CMR6
    /CMR7
    /CMR8
    /CMR9
    /CMSL10
    /CMSL12
    /CMSL8
    /CMSL9
    /CMSLTT10
    /CMSS10
    /CMSS12
    /CMSS17
    /CMSS8
    /CMSS9
    /CMSSBX10
    /CMSSDC10
    /CMSSI10
    /CMSSI12
    /CMSSI17
    /CMSSI8
    /CMSSI9
    /CMSSQ8
    /CMSSQI8
    /CMSY10
    /CMSY5
    /CMSY6
    /CMSY7
    /CMSY8
    /CMSY9
    /CMTCSC10
    /CMTEX10
    /CMTEX8
    /CMTEX9
    /CMTI10
    /CMTI12
    /CMTI7
    /CMTI8
    /CMTI9
    /CMTT10
    /CMTT12
    /CMTT8
    /CMTT9
    /CMU10
    /CMVTT10
    /ColonnaMT
    /Colossalis-Bold
    /ComicSansMS
    /ComicSansMS-Bold
    /Consolas
    /Consolas-Bold
    /Consolas-BoldItalic
    /Consolas-Italic
    /Constantia
    /Constantia-Bold
    /Constantia-BoldItalic
    /Constantia-Italic
    /CooperBlack
    /CopperplateGothic-Bold
    /CopperplateGothic-Light
    /Copperplate-ThirtyThreeBC
    /Corbel
    /Corbel-Bold
    /Corbel-BoldItalic
    /Corbel-Italic
    /CordiaNew
    /CordiaNew-Bold
    /CordiaNew-BoldItalic
    /CordiaNew-Italic
    /CordiaUPC
    /CordiaUPC-Bold
    /CordiaUPC-BoldItalic
    /CordiaUPC-Italic
    /Courier
    /Courier-Bold
    /Courier-BoldOblique
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Courier-Oblique
    /CourierStd
    /CourierStd-Bold
    /CourierStd-BoldOblique
    /CourierStd-Oblique
    /CourierX-Bold
    /CourierX-BoldOblique
    /CourierX-Oblique
    /CourierX-Regular
    /CreepyRegular
    /CurlzMT
    /David-Bold
    /David-Reg
    /DavidTransparent
    /Desdemona
    /DilleniaUPC
    /DilleniaUPCBold
    /DilleniaUPCBoldItalic
    /DilleniaUPCItalic
    /Dingbats
    /DomCasual
    /Dotum
    /DotumChe
    /EdwardianScriptITC
    /Elephant-Italic
    /Elephant-Regular
    /EngraversGothicBT-Regular
    /EngraversMT
    /EraserDust
    /ErasITC-Bold
    /ErasITC-Demi
    /ErasITC-Light
    /ErasITC-Medium
    /ErieBlackPSMT
    /ErieLightPSMT
    /EriePSMT
    /EstrangeloEdessa
    /Euclid
    /Euclid-Bold
    /Euclid-BoldItalic
    /EuclidExtra
    /EuclidExtra-Bold
    /EuclidFraktur
    /EuclidFraktur-Bold
    /Euclid-Italic
    /EuclidMathOne
    /EuclidMathOne-Bold
    /EuclidMathTwo
    /EuclidMathTwo-Bold
    /EuclidSymbol
    /EuclidSymbol-Bold
    /EuclidSymbol-BoldItalic
    /EuclidSymbol-Italic
    /EucrosiaUPC
    /EucrosiaUPCBold
    /EucrosiaUPCBoldItalic
    /EucrosiaUPCItalic
    /EUEX10
    /EUEX7
    /EUEX8
    /EUEX9
    /EUFB10
    /EUFB5
    /EUFB7
    /EUFM10
    /EUFM5
    /EUFM7
    /EURB10
    /EURB5
    /EURB7
    /EURM10
    /EURM5
    /EURM7
    /EuroMono-Bold
    /EuroMono-BoldItalic
    /EuroMono-Italic
    /EuroMono-Regular
    /EuroSans-Bold
    /EuroSans-BoldItalic
    /EuroSans-Italic
    /EuroSans-Regular
    /EuroSerif-Bold
    /EuroSerif-BoldItalic
    /EuroSerif-Italic
    /EuroSerif-Regular
    /EuroSig
    /EUSB10
    /EUSB5
    /EUSB7
    /EUSM10
    /EUSM5
    /EUSM7
    /FelixTitlingMT
    /Fences
    /FencesPlain
    /FigaroMT
    /FixedMiriamTransparent
    /FootlightMTLight
    /Formata-Italic
    /Formata-Medium
    /Formata-MediumItalic
    /Formata-Regular
    /ForteMT
    /FranklinGothic-Book
    /FranklinGothic-BookItalic
    /FranklinGothic-Demi
    /FranklinGothic-DemiCond
    /FranklinGothic-DemiItalic
    /FranklinGothic-Heavy
    /FranklinGothic-HeavyItalic
    /FranklinGothicITCbyBT-Book
    /FranklinGothicITCbyBT-BookItal
    /FranklinGothicITCbyBT-Demi
    /FranklinGothicITCbyBT-DemiItal
    /FranklinGothic-Medium
    /FranklinGothic-MediumCond
    /FranklinGothic-MediumItalic
    /FrankRuehl
    /FreesiaUPC
    /FreesiaUPCBold
    /FreesiaUPCBoldItalic
    /FreesiaUPCItalic
    /FreestyleScript-Regular
    /FrenchScriptMT
    /Frutiger-Black
    /Frutiger-BlackCn
    /Frutiger-BlackItalic
    /Frutiger-Bold
    /Frutiger-BoldCn
    /Frutiger-BoldItalic
    /Frutiger-Cn
    /Frutiger-ExtraBlackCn
    /Frutiger-Italic
    /Frutiger-Light
    /Frutiger-LightCn
    /Frutiger-LightItalic
    /Frutiger-Roman
    /Frutiger-UltraBlack
    /Futura-Bold
    /Futura-BoldOblique
    /Futura-Book
    /Futura-BookOblique
    /FuturaBT-Bold
    /FuturaBT-BoldItalic
    /FuturaBT-Book
    /FuturaBT-BookItalic
    /FuturaBT-Medium
    /FuturaBT-MediumItalic
    /Futura-Light
    /Futura-LightOblique
    /GalliardITCbyBT-Bold
    /GalliardITCbyBT-BoldItalic
    /GalliardITCbyBT-Italic
    /GalliardITCbyBT-Roman
    /Garamond
    /Garamond-Bold
    /Garamond-BoldCondensed
    /Garamond-BoldCondensedItalic
    /Garamond-BoldItalic
    /Garamond-BookCondensed
    /Garamond-BookCondensedItalic
    /Garamond-Italic
    /Garamond-LightCondensed
    /Garamond-LightCondensedItalic
    /Gautami
    /GeometricSlab703BT-Light
    /GeometricSlab703BT-LightItalic
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /GeorgiaRef
    /Giddyup
    /Giddyup-Thangs
    /Gigi-Regular
    /GillSans
    /GillSans-Bold
    /GillSans-BoldItalic
    /GillSans-Condensed
    /GillSans-CondensedBold
    /GillSans-Italic
    /GillSans-Light
    /GillSans-LightItalic
    /GillSansMT
    /GillSansMT-Bold
    /GillSansMT-BoldItalic
    /GillSansMT-Condensed
    /GillSansMT-ExtraCondensedBold
    /GillSansMT-Italic
    /GillSans-UltraBold
    /GillSans-UltraBoldCondensed
    /GloucesterMT-ExtraCondensed
    /Gothic-Thirteen
    /GoudyOldStyleBT-Bold
    /GoudyOldStyleBT-BoldItalic
    /GoudyOldStyleBT-Italic
    /GoudyOldStyleBT-Roman
    /GoudyOldStyleT-Bold
    /GoudyOldStyleT-Italic
    /GoudyOldStyleT-Regular
    /GoudyStout
    /GoudyTextMT-LombardicCapitals
    /GSIDefaultSymbols
    /Gulim
    /GulimChe
    /Gungsuh
    /GungsuhChe
    /Haettenschweiler
    /HarlowSolid
    /Harrington
    /Helvetica
    /Helvetica-Black
    /Helvetica-BlackOblique
    /Helvetica-Bold
    /Helvetica-BoldOblique
    /Helvetica-Condensed
    /Helvetica-Condensed-Black
    /Helvetica-Condensed-BlackObl
    /Helvetica-Condensed-Bold
    /Helvetica-Condensed-BoldObl
    /Helvetica-Condensed-Light
    /Helvetica-Condensed-LightObl
    /Helvetica-Condensed-Oblique
    /Helvetica-Fraction
    /Helvetica-Narrow
    /Helvetica-Narrow-Bold
    /Helvetica-Narrow-BoldOblique
    /Helvetica-Narrow-Oblique
    /Helvetica-Oblique
    /HighTowerText-Italic
    /HighTowerText-Reg
    /Humanist521BT-BoldCondensed
    /Humanist521BT-Light
    /Humanist521BT-LightItalic
    /Humanist521BT-RomanCondensed
    /Imago-ExtraBold
    /Impact
    /ImprintMT-Shadow
    /InformalRoman-Regular
    /IrisUPC
    /IrisUPCBold
    /IrisUPCBoldItalic
    /IrisUPCItalic
    /Ironwood
    /ItcEras-Medium
    /ItcKabel-Bold
    /ItcKabel-Book
    /ItcKabel-Demi
    /ItcKabel-Medium
    /ItcKabel-Ultra
    /JasmineUPC
    /JasmineUPC-Bold
    /JasmineUPC-BoldItalic
    /JasmineUPC-Italic
    /JoannaMT
    /JoannaMT-Italic
    /Jokerman-Regular
    /JuiceITC-Regular
    /Kartika
    /Kaufmann
    /KaufmannBT-Bold
    /KaufmannBT-Regular
    /KidTYPEPaint
    /KinoMT
    /KodchiangUPC
    /KodchiangUPC-Bold
    /KodchiangUPC-BoldItalic
    /KodchiangUPC-Italic
    /KorinnaITCbyBT-Regular
    /KozGoProVI-Medium
    /KozMinProVI-Regular
    /KristenITC-Regular
    /KunstlerScript
    /Latha
    /LatinWide
    /LetterGothic
    /LetterGothic-Bold
    /LetterGothic-BoldOblique
    /LetterGothic-BoldSlanted
    /LetterGothicMT
    /LetterGothicMT-Bold
    /LetterGothicMT-BoldOblique
    /LetterGothicMT-Oblique
    /LetterGothic-Slanted
    /LetterGothicStd
    /LetterGothicStd-Bold
    /LetterGothicStd-BoldSlanted
    /LetterGothicStd-Slanted
    /LevenimMT
    /LevenimMTBold
    /LilyUPC
    /LilyUPCBold
    /LilyUPCBoldItalic
    /LilyUPCItalic
    /Lithos-Black
    /Lithos-Regular
    /LotusWPBox-Roman
    /LotusWPIcon-Roman
    /LotusWPIntA-Roman
    /LotusWPIntB-Roman
    /LotusWPType-Roman
    /LucidaBright
    /LucidaBright-Demi
    /LucidaBright-DemiItalic
    /LucidaBright-Italic
    /LucidaCalligraphy-Italic
    /LucidaConsole
    /LucidaFax
    /LucidaFax-Demi
    /LucidaFax-DemiItalic
    /LucidaFax-Italic
    /LucidaHandwriting-Italic
    /LucidaSans
    /LucidaSans-Demi
    /LucidaSans-DemiItalic
    /LucidaSans-Italic
    /LucidaSans-Typewriter
    /LucidaSans-TypewriterBold
    /LucidaSans-TypewriterBoldOblique
    /LucidaSans-TypewriterOblique
    /LucidaSansUnicode
    /Lydian
    /Magneto-Bold
    /MaiandraGD-Regular
    /Mangal-Regular
    /Map-Symbols
    /MathA
    /MathB
    /MathC
    /Mathematica1
    /Mathematica1-Bold
    /Mathematica1Mono
    /Mathematica1Mono-Bold
    /Mathematica2
    /Mathematica2-Bold
    /Mathematica2Mono
    /Mathematica2Mono-Bold
    /Mathematica3
    /Mathematica3-Bold
    /Mathematica3Mono
    /Mathematica3Mono-Bold
    /Mathematica4
    /Mathematica4-Bold
    /Mathematica4Mono
    /Mathematica4Mono-Bold
    /Mathematica5
    /Mathematica5-Bold
    /Mathematica5Mono
    /Mathematica5Mono-Bold
    /Mathematica6
    /Mathematica6Bold
    /Mathematica6Mono
    /Mathematica6MonoBold
    /Mathematica7
    /Mathematica7Bold
    /Mathematica7Mono
    /Mathematica7MonoBold
    /MatisseITC-Regular
    /MaturaMTScriptCapitals
    /Mesquite
    /Mezz-Black
    /Mezz-Regular
    /MICR
    /MicrosoftSansSerif
    /MingLiU
    /Minion-BoldCondensed
    /Minion-BoldCondensedItalic
    /Minion-Condensed
    /Minion-CondensedItalic
    /Minion-Ornaments
    /MinionPro-Bold
    /MinionPro-BoldIt
    /MinionPro-It
    /MinionPro-Regular
    /MinionPro-Semibold
    /MinionPro-SemiboldIt
    /Miriam
    /MiriamFixed
    /MiriamTransparent
    /Mistral
    /Modern-Regular
    /MonotypeCorsiva
    /MonotypeSorts
    /MSAM10
    /MSAM5
    /MSAM6
    /MSAM7
    /MSAM8
    /MSAM9
    /MSBM10
    /MSBM5
    /MSBM6
    /MSBM7
    /MSBM8
    /MSBM9
    /MS-Gothic
    /MSHei
    /MSLineDrawPSMT
    /MS-Mincho
    /MSOutlook
    /MS-PGothic
    /MS-PMincho
    /MSReference1
    /MSReference2
    /MSReferenceSansSerif
    /MSReferenceSansSerif-Bold
    /MSReferenceSansSerif-BoldItalic
    /MSReferenceSansSerif-Italic
    /MSReferenceSerif
    /MSReferenceSerif-Bold
    /MSReferenceSerif-BoldItalic
    /MSReferenceSerif-Italic
    /MSReferenceSpecialty
    /MSSong
    /MS-UIGothic
    /MT-Extra
    /MT-Symbol
    /MT-Symbol-Italic
    /MVBoli
    /Myriad-Bold
    /Myriad-BoldItalic
    /Myriad-Italic
    /MyriadPro-Black
    /MyriadPro-BlackIt
    /MyriadPro-Bold
    /MyriadPro-BoldIt
    /MyriadPro-It
    /MyriadPro-Light
    /MyriadPro-LightIt
    /MyriadPro-Regular
    /MyriadPro-Semibold
    /MyriadPro-SemiboldIt
    /Myriad-Roman
    /Narkisim
    /NewCenturySchlbk-Bold
    /NewCenturySchlbk-BoldItalic
    /NewCenturySchlbk-Italic
    /NewCenturySchlbk-Roman
    /NewMilleniumSchlbk-BoldItalicSH
    /NewsGothic
    /NewsGothic-Bold
    /NewsGothicBT-Bold
    /NewsGothicBT-BoldItalic
    /NewsGothicBT-Italic
    /NewsGothicBT-Roman
    /NewsGothic-Condensed
    /NewsGothic-Italic
    /NewsGothicMT
    /NewsGothicMT-Bold
    /NewsGothicMT-Italic
    /NiagaraEngraved-Reg
    /NiagaraSolid-Reg
    /NimbusMonL-Bold
    /NimbusMonL-BoldObli
    /NimbusMonL-Regu
    /NimbusMonL-ReguObli
    /NimbusRomNo9L-Medi
    /NimbusRomNo9L-MediItal
    /NimbusRomNo9L-Regu
    /NimbusRomNo9L-ReguItal
    /NimbusSanL-Bold
    /NimbusSanL-BoldCond
    /NimbusSanL-BoldCondItal
    /NimbusSanL-BoldItal
    /NimbusSanL-Regu
    /NimbusSanL-ReguCond
    /NimbusSanL-ReguCondItal
    /NimbusSanL-ReguItal
    /Nimrod
    /Nimrod-Bold
    /Nimrod-BoldItalic
    /Nimrod-Italic
    /NSimSun
    /Nueva-BoldExtended
    /Nueva-BoldExtendedItalic
    /Nueva-Italic
    /Nueva-Roman
    /NuptialScript
    /OCRA
    /OCRA-Alternate
    /OCRAExtended
    /OCRB
    /OCRB-Alternate
    /OfficinaSans-Bold
    /OfficinaSans-BoldItalic
    /OfficinaSans-Book
    /OfficinaSans-BookItalic
    /OfficinaSerif-Bold
    /OfficinaSerif-BoldItalic
    /OfficinaSerif-Book
    /OfficinaSerif-BookItalic
    /OldEnglishTextMT
    /Onyx
    /OnyxBT-Regular
    /OzHandicraftBT-Roman
    /PalaceScriptMT
    /Palatino-Bold
    /Palatino-BoldItalic
    /Palatino-Italic
    /PalatinoLinotype-Bold
    /PalatinoLinotype-BoldItalic
    /PalatinoLinotype-Italic
    /PalatinoLinotype-Roman
    /Palatino-Roman
    /PapyrusPlain
    /Papyrus-Regular
    /Parchment-Regular
    /Parisian
    /ParkAvenue
    /Penumbra-SemiboldFlare
    /Penumbra-SemiboldSans
    /Penumbra-SemiboldSerif
    /PepitaMT
    /Perpetua
    /Perpetua-Bold
    /Perpetua-BoldItalic
    /Perpetua-Italic
    /PerpetuaTitlingMT-Bold
    /PerpetuaTitlingMT-Light
    /PhotinaCasualBlack
    /Playbill
    /PMingLiU
    /Poetica-SuppOrnaments
    /PoorRichard-Regular
    /PopplLaudatio-Italic
    /PopplLaudatio-Medium
    /PopplLaudatio-MediumItalic
    /PopplLaudatio-Regular
    /PrestigeElite
    /Pristina-Regular
    /PTBarnumBT-Regular
    /Raavi
    /RageItalic
    /Ravie
    /RefSpecialty
    /Ribbon131BT-Bold
    /Rockwell
    /Rockwell-Bold
    /Rockwell-BoldItalic
    /Rockwell-Condensed
    /Rockwell-CondensedBold
    /Rockwell-ExtraBold
    /Rockwell-Italic
    /Rockwell-Light
    /Rockwell-LightItalic
    /Rod
    /RodTransparent
    /RunicMT-Condensed
    /Sanvito-Light
    /Sanvito-Roman
    /ScriptC
    /ScriptMTBold
    /SegoeUI
    /SegoeUI-Bold
    /SegoeUI-BoldItalic
    /SegoeUI-Italic
    /Serpentine-BoldOblique
    /ShelleyVolanteBT-Regular
    /ShowcardGothic-Reg
    /Shruti
    /SimHei
    /SimSun
    /SnapITC-Regular
    /StandardSymL
    /Stencil
    /StoneSans
    /StoneSans-Bold
    /StoneSans-BoldItalic
    /StoneSans-Italic
    /StoneSans-Semibold
    /StoneSans-SemiboldItalic
    /Stop
    /Swiss721BT-BlackExtended
    /Sylfaen
    /Symbol
    /SymbolMT
    /Tahoma
    /Tahoma-Bold
    /Tci1
    /Tci1Bold
    /Tci1BoldItalic
    /Tci1Italic
    /Tci2
    /Tci2Bold
    /Tci2BoldItalic
    /Tci2Italic
    /Tci3
    /Tci3Bold
    /Tci3BoldItalic
    /Tci3Italic
    /Tci4
    /Tci4Bold
    /Tci4BoldItalic
    /Tci4Italic
    /TechnicalItalic
    /TechnicalPlain
    /Tekton
    /Tekton-Bold
    /TektonMM
    /Tempo-HeavyCondensed
    /Tempo-HeavyCondensedItalic
    /TempusSansITC
    /Times-Bold
    /Times-BoldItalic
    /Times-BoldItalicOsF
    /Times-BoldSC
    /Times-ExtraBold
    /Times-Italic
    /Times-ItalicOsF
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Times-Roman
    /Times-RomanSC
    /Trajan-Bold
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Tunga-Regular
    /TwCenMT-Bold
    /TwCenMT-BoldItalic
    /TwCenMT-Condensed
    /TwCenMT-CondensedBold
    /TwCenMT-CondensedExtraBold
    /TwCenMT-CondensedMedium
    /TwCenMT-Italic
    /TwCenMT-Regular
    /Univers-Bold
    /Univers-BoldItalic
    /UniversCondensed-Bold
    /UniversCondensed-BoldItalic
    /UniversCondensed-Medium
    /UniversCondensed-MediumItalic
    /Univers-Medium
    /Univers-MediumItalic
    /URWBookmanL-DemiBold
    /URWBookmanL-DemiBoldItal
    /URWBookmanL-Ligh
    /URWBookmanL-LighItal
    /URWChanceryL-MediItal
    /URWGothicL-Book
    /URWGothicL-BookObli
    /URWGothicL-Demi
    /URWGothicL-DemiObli
    /URWPalladioL-Bold
    /URWPalladioL-BoldItal
    /URWPalladioL-Ital
    /URWPalladioL-Roma
    /USPSBarCode
    /VAGRounded-Black
    /VAGRounded-Bold
    /VAGRounded-Light
    /VAGRounded-Thin
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
    /VerdanaRef
    /VinerHandITC
    /Viva-BoldExtraExtended
    /Vivaldii
    /Viva-LightCondensed
    /Viva-Regular
    /VladimirScript
    /Vrinda
    /Webdings
    /Westminster
    /Willow
    /Wingdings2
    /Wingdings3
    /Wingdings-Regular
    /WNCYB10
    /WNCYI10
    /WNCYR10
    /WNCYSC10
    /WNCYSS10
    /WoodtypeOrnaments-One
    /WoodtypeOrnaments-Two
    /WP-ArabicScriptSihafa
    /WP-ArabicSihafa
    /WP-BoxDrawing
    /WP-CyrillicA
    /WP-CyrillicB
    /WP-GreekCentury
    /WP-GreekCourier
    /WP-GreekHelve
    /WP-HebrewDavid
    /WP-IconicSymbolsA
    /WP-IconicSymbolsB
    /WP-Japanese
    /WP-MathA
    /WP-MathB
    /WP-MathExtendedA
    /WP-MathExtendedB
    /WP-MultinationalAHelve
    /WP-MultinationalARoman
    /WP-MultinationalBCourier
    /WP-MultinationalBHelve
    /WP-MultinationalBRoman
    /WP-MultinationalCourier
    /WP-Phonetic
    /WPTypographicSymbols
    /XYATIP10
    /XYBSQL10
    /XYBTIP10
    /XYCIRC10
    /XYCMAT10
    /XYCMBT10
    /XYDASH10
    /XYEUAT10
    /XYEUBT10
    /ZapfChancery-MediumItalic
    /ZapfDingbats
    /ZapfHumanist601BT-Bold
    /ZapfHumanist601BT-BoldItalic
    /ZapfHumanist601BT-Demi
    /ZapfHumanist601BT-DemiItalic
    /ZapfHumanist601BT-Italic
    /ZapfHumanist601BT-Roman
    /ZWAdobeF
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 200
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 2.00333
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 200
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00333
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 1.30
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 10
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 400
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 600
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00167
  /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

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e5c4f5e55663e793a3001901a8fc775355b5090ae4ef653d190014ee553ca901a8fc756e072797f5153d15e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc87a25e55986f793a3001901a904e96fb5b5090f54ef650b390014ee553ca57287db2969b7db28def4e0a767c5e03300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020d654ba740020d45cc2dc002c0020c804c7900020ba54c77c002c0020c778d130b137c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor weergave op een beeldscherm, e-mail en internet. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for on-screen display, e-mail, and the Internet.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToRGB
      /DestinationProfileName (sRGB IEC61966-2.1)
      /DestinationProfileSelector /UseName
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing false
      /UntaggedCMYKHandling /UseDocumentProfile
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [600 600]
  /PageSize [612.000 792.000]
>> setpagedevice


