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This study evaluated how applicable European Life Cycle Inventory (LCI) data are to assessing the
environmental impacts of the life cycle of Brazilian triple superphosphate (TSP). The LCI data used for the
comparison were local Brazilian LCI data, European LCI data in its original version from the ecoinvent
database and a modified version of the European LCI data, which had been adapted to better account for the
Brazilian situation. We compared the three established datasets at the level of the inventory as well as for
their environmental impacts, i.e. at the level of Life Cycle Environmental Assessment (LCIA). The analysis
showed that the European LCIs (both the original and the modified ones) considered a broader spectrum of
background processes and environmental flows (inputs and outputs). Nevertheless, TSP production had in
all three cases similar values for the consumption of the main rawmaterials. The LCIA results obtained for the
datasets showed important differences as well. Therefore we concluded that the European data in general
lead to much higher environmental impacts than the Brazilian data. The differences between the LCIA results
obtained with the Brazilian and the European data can be basically explained by the methodological
differences underlying the data. The small differences at the LCI level for selected inputs and outputs
between the Brazilian and the European LCIs from ecoinvent indicate that the latter can be regarded as
applicable for characterizing the Brazilian TSP.

© 2009 Elsevier Inc. All rights reserved.
1. Introduction

1.1. The use of non-local data for life cycle assessment in Latin America

The Life Cycle Assessment (LCA) methodology can be useful to
acquire a comprehensive knowledge of the environmental impacts
generated by industrial products during their whole life cycle.
However, in Latin America the necessary local Life Cycle Inventory
(LCI)1 data from industry is extremely scarce, despite initiatives to
support LCA issues in the region and the ongoing efforts in developing
local LCI data (Skone, 2001; Coltro et al., 2003, 2006; Kulay, 2004;
Curran, 2006; Galdiano, 2006; Sonnemann and De Leeuw, 2006;
Suppen et al., 2006; Hischier et al., 2007). Due to this scarcity of local
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data Latin American LCA experts often have to apply non-local
databases in their studies. However, such LCA studies based on non-
local LCI data may show inaccurate results, basically due to the
potential differences in the environmental performance of the
industry in the countries that generated the data and the industry
in Latin America (see e.g. Brent et al., 2002), or the second paper from
the authors which discusses the suitability of such non-local
databases for the environmental assessment of industry in Latin
America (Ossés de Eicker et al. under review).

In order to account for these potential differences and apply LCI
data in the form most suitable to the local situation, an LCI database
applied should have the following characteristics:

• all processes must be addressed individually, as single step
processes (the so-called unit processes) of the life cycle of the
product, instead of a cumulative LCI where all steps are aggregated
into one single dataset;

• all datasets should be clearly documented and include all details, in
order to have a maximum of transparency in the database;

• the database should provide different alternatives for the same
product, related to technological variations.

All these features wouldmake it possible for an analyst to build the
life cycle of a specific product under study by combining LCI data from
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various single step processes in the most appropriate way. At the
same time, the analyst should use a tool allowing him to edit input
and/or output values in the LCI in order to better reflect the product
under study. Finally, it is advantageous for the database to provide
uncertainty values for the LCI data (inputs and outputs) which also
can be adjusted in order to reflect the application of the original data
to a different situation.2
1.2. The suitability of the LCI database ecoinvent

The LCI database ecoinvent (Frischknecht et al., 2005; Frischknecht
and Rebitzer, 2005), in combination with either LCA software tool
offers all such features. Due to the high and comprehensive
transparency in the documentation of this database, as well as the
applied principle of unit processes, an original LCI dataset from the
ecoinvent database can be used to generate a Latin-American version
of the respective dataset adapted for such operations using suitable
LCA software tools. Some of these tools also allow one to modify the
uncertainty assessment of such an adapted LCI dataset in order to take
into account evenmore adequately the differences between the newly
produced “local” (i.e. Latin American) process and the original process
in the database ecoinvent.

However, the applicability of such non-local LCI databases as
ecoinvent to a local, Latin-American situation should be evaluated by
comparing the non-local data with accurate local LCI values. For the
case of Latin America no broad trials have been done so far in this
direction. One possible reason for the lack of such trials could be the
scarcity of LCI data in Latin America. In addition, in order to determine
the applicability of such non-local LCI databases to complete LCA
studies, the Life Cycle Impact Assessment (LCIA) results obtained with
the non-local data should be compared against LCIA results obtained
with locally available data. Again, this type of comparison has not
been done in Latin America so far. Since the validation of data
contributes a lot to improving the reliability of LCA (Björklund, 2002),
this study intends to contribute to the fulfillment of both aforemen-
tioned gaps.
1.3. Case study triple superphosphate

Triple Superphosphate (TSP), a phosphated synthetic fertilizer, is
used here as a first example for the application of European LCI data to
developing an LCA study on a Brazilian product, because of the
similarities of the production technologies involved and the fact that
LCI data are available both in the European LCI database ecoinvent as
well as on the level of a Brazilian study (Kulay, 2004; Da Silva and
Kulay, 2005). In addition, TSP is a synthetic fertilizer that is
extensively used world-wide and thus, this comparison has global
relevance (Weidema and Meeusen, 2000; Kulay, 2004).

In Europe TSP is traditionally produced on the basis of a phosphate
concentrate obtained from phosphate rock, which is acidulated with
phosphoric acid during the production process. The dataset used in
this study from the ecoinvent database represents a mixture of the
two different production technologies used in Europe, both occurring
under controlled conditions of pressure and temperature in batch
reactors:
2 In LCA literature also different definitions and understandings about uncertainty
can be found (Ciroth et al., 2004). In this study the concept stated by Ciroth et al.
(2004) is adopted and uncertainty is considered as a term describing the fact that
measured values frequently do not match the true values, but differ from them in a
probabilistic manner. This understanding is in concordance with other sources (Ellison
et al. 2000; Rabinovich, 2000) and with the definition of the International
Standardization Organization ISO (1993) which defines uncertainty as "a parameter
associated with the result of a measurement that characterizes the dispersion of the
values that could reasonably be attributed to the measurand".
• Two-step-process: in this process a powder is produced in the first
step by rock grinding, resulting in the main energy consumption.
The powder is then granulated with steam in a second step. The
acidulation is achievedwith phosphoric acid with a concentration of
48% P2O5. In Europe, more than 75% of TSP is produced with such a
two-step-process.

• Slurry process: this technology uses a very soft rock, which does
not require grinding. The acidulation in the slurry process is
performed by phosphoric acid with 42% P2O5. This process
generally consumes 20% less energy than the two-step technol-
ogy. However, due to the need for a very soft rock in this process
as well as due to the wasted rock which does not react in the
process this technology is only of minor importance (Kongshaug,
1998).

In Brazil TSP production is carried out with the run-of-mill
technology, which uses semi-batch reactors. In contrast to what
occurs in the European process, in the Brazilian process a solid waste
called phosphogypsum is generated. Another difference is that in the
Brazilian process part of the phosphate concentrate is also used to
produce phosphoric acid by digestion with sulfuric acid. For both uses
phosphate concentrate obtained from rock needs to be dried with
steam prior to its use. Fig. 1 presents as an example the flow sheet of
the Brazilian process.

Comparing the technologies in Europe and Brazil, it may be seen
that both cases use a similar phosphorous raw material and have a
similar energy consumption. Thus, the Brazilian and European
production of TSP could be considered to be similar in terms of
technology.

2. Goal and scope

This study evaluates the applicability of European LCI data to
assessing the environmental impacts of the Brazilian production by
using TSP as a case study objective through the whole life cycle.

3. Methods

The LCI data used for this comparison were local Brazilian LCI data
(Kulay, 2004; Da Silva and Kulay, 2005) – sometimes called “Brazilian
TSP”, i.e. European LCI data from the ecoinvent database in its original
version (Frischknecht et al., 2005) – sometimes called “original
European TSP” and amodified version of the European LCI data, which
was adapted to better account for the Brazilian situation – called
“modified European TSP”. In a second step these datasets were then
compared at the LCI level. In a third step, the Life Cycle Impact
Assessment (LCIA) results obtained with the three established
datasets were compared. Based on the results of these comparisons
the applicability of non-local LCI data for LCA of Brazilian TSP is
discussed. A schematic of the procedure adopted in this study is
shown in Fig. 2.

3.1. Step 1: Preparation of LCI data

The LCI data covered in this case study was: phosphate rock
mining, production of phosphatic rock concentrate, sulphuric acid
production, phosphoric acid production, TSP production, natural gas
production, electricity generation and transport operations. With
regard to the elementary flows considered (i.e. inputs or outputs), the
following types were evaluated in the LCIs — as is usual in an LCA
study: consumption of natural resources, materials, energy, and
transport services. Outputs considered were emissions to air, water
and soil, solid wastes and products and by-products themselves. The
inventories were derived from literature studies and specifications
frommanufacturers. The functional unit used in this study was 1 kg of
phosphate fertilizer expressed in P2O5 content.



Fig. 1. Brazilian's production of TSP with average technology.
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For this study the following three datasets were prepared:

• “Brazilian TSP”: an original Brazilian dataset, the local data, referring
to the production of TSP from phosphoric acid and phosphate rock
in Brazil, taken from Kulay (2004) and Da Silva and Kulay (2005).

• “Original European TSP”: the original European, i.e. the non-local,
LCI data referring to the same fertilizer produced from the same
intermediates, extracted from the ecoinvent database (Frischknecht
et al., 2005; Frischknecht and Rebitzer, 2005).

• “Modified European TSP”: and as a third set of LCI data, the
European LCI data was modified mainly in the background
processes in order to be more appropriate for use in Brasil. To this
end, changes were made in the electricity mix (i.e. a Brazilian
electricity mix was applied), transportation distances and oil
production.

The modified dataset was also re-assessed concerning its uncer-
tainty values in order to account for the application to the Brazilian
situation by adjusting the scores for the indicators on geographical
Fig. 2. Schematized representatio
and technological correlation. Last but not least, the uncertainties in
the Brazilian dataset were also assessed with the procedure applied in
the ecoinvent database (for more on this see: Frischknecht et al.,
2005).

3.2. Step 2: Comparison at LCI level

A comparisonwas then carried out at the LCI level among the three
datasets. Then the LCI data were compared that refer to the single
stages of the life cycle of TSP, as well as the cumulated LCI referring to
the whole life cycle.

3.3. Step 3: Comparison at LCIA level

Additionally, a comparison was also carried out at the LCIA level
among the three datasets. For the environmental impact assessment
the so-called CML method (Guineé, 2001), the Eco-indicator'99
(Goedkoop, 2000) and the Cumulative Energy Demand (CED) were
n of the procedure followed.



195M. Ossés de Eicker et al. / Environmental Impact Assessment Review 30 (2010) 192–199
applied according to their implementation in the ecoinvent database
(Frischknecht et al., 2007).3 While CML and CED are so-called mid-
point indicators, the Eco-indicator'99 is an example of an end-point
indicator.4 Using both types of indicators it is possible to address the
impacts of substitution in LCIA from different angles. These two kinds
of indicators have complementary merits and limitations, which is
why some practitioners recommend using them in parallel (Bare
et al., 2000).
4. Results

4.1. Differences among the datasets at the LCI level

Although all three datasets represent the LCI of the production of
1 kg of TSP, the Brazilian and the two European (both the original and
the modified datasets) TSP datasets differ in the scopes of the product
systems applied. While infrastructure and transportation are consid-
ered in all steps of the European data, this is only in some of the
Brazilian production steps the case. In addition, in the Brazilian data
only the subsystems transport, electricity and natural gas are
represented from cradle-to-gate. But while transportation of phos-
phate rock and beneficiated rock is taken into account, the
transportation of all other raw materials and auxiliaries is not taken
into account. Finally, the composition and fate of the solid wastes
generated in several steps of the Brazilian process are unknown, as
information was not available at the time the study was conducted.
Thus, no integration of the waste treatment steps was possible in the
Brazilian data. In addition, we observed that the two ecoinvent
datasets address in a much more comprehensive manner the
backstage processes of the life cycle of TSP — i.e. their various
backstage processes are much more detailed compared to the
processes used in the Brazilian TSP dataset.

A further difference among the datasets was found in the number
of elementary flows considered. As shown in Fig. 3, the European data
from ecoinvent generally takes into account amuch broader spectrum
of emissions to air, water and soil, as well as of raw materials.

In a further step, the values of those inputs and outputs were
compared to obtain what all three datasets have in common. In most
cases it could be concluded that the differences between these
numbers are lower than the uncertainty of these respective inputs or
outputs. For the main raw materials (including phosphoric acid) and
for electricity, these differences were below 15%. The values for
consumption of phosphoric acid for the production of TSP differed
only 8% between the local (Brazilian) and the modified European
datasets. The largest differences were observed for transportation,
which can easily be explained by the completely different situations in
Europe and Brazil (as regards distances and means of transport). Also
large differences were found for emissions to air, with the local
(Brazilian) dataset showing mostly lower values than the two datas-
ets based on ecoinvent. This might be due to different methodological
3 The cumulative energy demand (CED) in the ecoinvent database “states the entire
demand, valued as primary energy, which arises in connection with the production,
use and disposal of an economic good (product or service) or which may be attributed
respectively to it in a causal relation.”

4 Midpoints are considered to be points in the cause–effect chain (environmental
mechanism) of a particular impact category, between stressor and endpoints. For
midpoints, characterization factors can therefore be calculated to reflect the relative
importance of an emission or extraction in a Life Cycle Inventory (e.g. global warming
potentials defined in terms of radioactive forcing and atmospheric half-life
differences). Midpoints are located anywhere between the stressors and the endpoint
(UNEP, 2003). According to Udo de Haes and Lindeijer (2002), endpoints are those
elements of an environmental mechanism that are in themselves of value to society.
ISO 14042 (ISO, 2000) mentions forests and coral reefs as examples, UNEP (2003)
mentions as well human health, damage to plant or animal species and depletion of
natural resources like fossil fuels and mineral ores.
approaches, especially due to the inclusion of less background
processes in the Brazilian dataset.

4.2. Differences among the datasets at the LCIA level

The differences among the LCIA results obtained for the three
datasets are shown in Fig. 4. The original European TSP, the modified
European TSP and the local Brazilian TSP are presented for the three
LCIA methods CML, CED and Eco-Indicator'99. Thus the assessment
covers the whole life cycle of TSP.

Fig. 4 indicates that the original and the modified European TSP
had rather similar results, while the local Brazilian TSP showed larger
differences when compared to the two other datasets. In general, the
local Brazilian TSP had much lower environmental impacts than the
European TSP for most of the impact categories. These differences
between the LCIA local Brazilian and the two European LCI datasets
can be explained by the smaller number of inputs considered in the
Brazilian data, as well as by themuch smaller scope with regard to the
background processes taken into account.

In a second step, the relative contributions of the main individual
process steps to the overall LCIA result of TSP were examined. The
results are shown in Fig. 5.

Fig. 5 clearly shows that the partial contribution of the individual
process steps to the overall LCIA of TSP is very similar for the original
European and the modified European LCIs, while it was completely
different for the Brazilian LCI. However, a common feature of these
three datasets was identified: in all three cases, phosphoric acid was
clearly dominant. In the Brazilian data, the dominance is even
stronger, which might be because all other process steps were
underestimated, as only few background processes were considered.
The results obtained with CED and the Eco-indicator'99 were very
similar to those presented for the CML method in Fig. 4 and indicated
the dominance of phosphoric acid as well. This dominance of
phosphoric acid on the LCIA of TSP together with the fact that the
consumption of phosphoric acid was very similar in the Brazilian and
the European datasets (see chapter 4.1) confirms further the
applicability of these European data to the Brazilian TSP. The LCIA
results obtained for phosphoric acid were similar to those observed
for the complete TSP, as shown in Fig. 6.

With regard to the LCIA results of the other production steps, in the
sulphuric acid production step the differences in the LCIA results were
even larger than for phosphoric acid, as the Brazilian production chain
presented completely irrelevant results in comparison to those of the
European chain. Again, background processes taken into account in
the ecoinvent databases, but not in the Brazilian source can explain
this difference.

The smallest differences among the three datasets examined were
found for the extraction and beneficiation of phosphate rock. These
steps have fewer background processes, a fact which explains why
Brazilian data addresses these stages comparatively well. For gas and
electricity consumption the impact differences were also relatively
small. The reason was that these processes were addressed in the
Brazilian study based on information from international databases.
These databases take into account their background processes in an
approach similar to the ecoinvent database. Nevertheless, there were
differences in environmental impacts due to the different methodo-
logical approaches utilized in the databases.

5. Discussion

The Brazilian and the modified European LCIs varied a lot in their
respective scopes: ecoinvent applies in general a much broader scope
regarding inputs and outputs of each LCI; this can be seen e.g., by the
inclusion of more background processes and by the fact that
infrastructure is given more importance. These methodological



Fig. 3. Amount of environmental flows considered in the European LCI data and in the Brazilian data.
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differences underlying the data explain the differences between the
LCIA results obtained with the Brazilian and the European data.

On the other hand, there were few differences between the impact
values of the same input or output for the same process step. The fact
that the consumption of phosphoric acid for the production of TSP
only slightly differed between the local Brazilian and the modified
European data is of great relevance. This is in agreement with Coulon
et al. (1997), who indicated that in general, energy consumption and
other environmental loads associated with process efficiency are
Fig. 4. Comparison of the environmental impacts of the original European, the m
expected to be highly comparable among different sites. Still, larger
differences are expected in the amount of emissions, as well as the
amount and destination of solid wastes, as these environmental loads
reflect the differences in the processes and the various regulations the
producersmust complywith (Coulon et al., 1997). This was confirmed
in the present study.

The quality of the LCIA results of the Brazilian data could be
strongly compromised by limitations such as the lack of harmoniza-
tion in the inputs and outputs considered in the LCIs, the combination
odified European and the Brazilian TSP using CML, CED and Eco-Indicator'99.



Fig. 5. Impact assessment (CML method) of the life cycle of TSP with (I) the original European, (II) the modified European and (III) the Brazilian data. The percentages indicate the
partial contribution of the process steps to the impacts on the whole life cycle of TSP.
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of gate-to-gate LCIs with cradle-to-gate LCIs and the reduced number
of background processes. These limitations could lead to inaccurate
results both with regard to the partial contribution of single process
steps to the overall environmental impact, as well as with regard to
the type and level of environmental impact associated with the
product. Nevertheless, it is important to state that the Brazilian study
has themerit of being the pioneer in developing such national LCI data
despite a limited availability of local data.

The small differences at LCI level for selected inputs and outputs
between the local Brazilian and the European LCIs indicate that the LCI
datasets in ecoinvent can, in its modified form, thus be regarded as
applicable for characterizing the Brazilian TSP. It can even be said that
the minor differences between the modified and the original
European LCI data indicate that the original data could be used
directly for a first approach. In a further step, the quality of the
analysis could be improved by making the adaptations necessary to
reflect the local product under study.

A further finding of this study is the limitation of using LCI data
from different databases to characterize the life cycle of a product.
Even LCI data from databases that consider background processesmay



Fig. 6. Comparison of the environmental impacts of the original European, the modified European and the Brazilian phosphoric acid using CML, CED and ecoindicator.
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show important differences, as it is stated in this study for the case of
the inventory data used in the Brazilian dataset for electricity,
transportation and natural gas. Nonetheless, independent LCA studies
each one using a different database may be useful in detecting the
variations between the products evaluated. This observation can be
attributed to methodological choices in the databases.

6. Conclusions

This study shows, based on the example of TSP, that modified
European LCI data from the ecoinvent database are applicable to the
task of characterizing a local Brazilian production of TSP. Based on the
results presented, it can be even concluded that the ecoinvent data
comprises a better option than the Brazilian data, as they are more
complete. Further, in the ecoinvent database it is possible to assign an
uncertainty margin to the original European data, addressing the
potential differences with respect to the technological and environ-
mental situation in Brazil.

It cannot be determined to what extent the conclusions of this case
study may be extended to further materials and processes, and thus
be generalized. Generally however, industrial processes are expected
to have fewer variations than, for instance, agricultural processes,
where climatic factors play a large role.

All in all, when conducting LCA studies, important differences can
be expected between local and non-local industrial processes with
regard to their environmental loads, which have an influence on the
overall LCIA results (Ciroth et al., 2002a,b). The reason for these
differences can be of geographical or technological origin (Ciroth et
al., 2002a,b). Also differences in legislation or socio-economic issues
(Weidema et al., 2003), etc., can lead to these results. This means that
it is always necessary in LCA studies to evaluate the similarities and
differences in the technological and environmental performance of
the process under study with respect to the process characterized in
the LCI database. This is by no way an easy task, and requires a high
level of expertise. It is equally important to use local LCI data in the
assessment whenever possible.

Due to the lack of local LCI data in Latin America the application of
non-local LCI data will continue to be a crucial issue. And along with
this, current methodological issues such as the dilemma between
“leaving the data gap” or “use un-representative data”will continue to
beg an answer.

Furthermore, when considering the development of new individ-
ual LCI data or even a new LCI database, priority should be given to
those processes that have a great impact on LCIA results and,
wherever possible, to reduce differences largely with reasonable
effort (Ciroth et al., 2002b; Hischier et al., 2007). New locally
generated LCI data may not be easily compatible with existing LCI
data from non-local databases. In such cases it would be advisable to
generate such new data using the methodological criteria of an
existing database. In addition, for harmonization reasons the need for
standardized lists of environmental flows has to be taken into account
(Hischier et al., 2001). Finally, the new locally developed LCI data
could be integrated into already available databases. This would
reduce the costs of administration and update of the data, and would
improve data sharing, making LCI data for a large number of (local)
processes available to LCA analysts all over the world.
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