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This Research Communication describes the methodology used and the subsequent results obtained
for an assessment of the environmental impact associated with the manufacture of dairy products in
the Republic of Ireland. As the Irish dairy industry changes and grows, it is necessary to have a
benchmark of the environmental performance of the sector if it is to remain sustainable in the
future. In order to estimate the environmental impact, life cycle assessment has been implemented,
which has been structured in accordance with the International Organisation for Standardisation
guidelines. In this study, the environmental impact categories assessed are terrestrial acidification
potential, cumulative energy demand, freshwater eutrophication potential, global warming poten-
tial, marine eutrophication potential and water depletion. The main Irish dairy products have
been compared across these environmental impact categories in order to derive meaningful
results. It is identified that packaging materials, particularly for infant formula, and energy usage,
across each of the life cycle stages, should be targeted as these are the most significant contributors

to the overall environmental impact.
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As the world’s population moves to achieving a more sus-
tainable way of living, the environmental impact associated
with the production of food becomes a growing concern.
Dairy products make up a large proportion of the human
diet, particularly in developed countries, and, as a result,
their sustainable production is of particular concern.

Life cycle assessment (LCA) is an analysis technique that
is used to assess the environmental impact of a product or
service throughout its life cycle, whilst also providing infor-
mation relating to the most significant contributors to this
impact. In recent years, LCA has been implemented to esti-
mate various aspects of the environmental impact of the
dairy sector. A number of studies have been performed
examining the environmental impact of manufacturing
fluid milk (Nutter et al. 2013) and cheese (Kim et al. 2013)
within the USA dairy industry. Vergé et al. (2013) estimated
the carbon footprint of 11 Canadian dairy products using
national-level data. Djekic et al. (2014) performed an envir-
onmental LCA of dairy products in Serbia using data from
7 dairy processing factories. It is also important to note
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that raw milk production is, in most cases, a very large con-
tributor to the overall environmental impact associated with
producing dairy products, particularly when examining the
overall Global Warming Potential (GWP). This has previ-
ously been demonstrated in a number of studies, including
Kim et al. (2013), Vergé et al. (2013), Djekic et al. (2014)
and Finnegan et al. (2017a, b). At the dairy factory, it was
observed that the major contributors to the environmental
impact were related to energy requirements and input of
goods. We have assessed the global warming potential asso-
ciated with a number of Irish dairy products (Finnegan et al.
2017a, b) and conducted an investigation into the environ-
mental impact of manufacturing milk powder and butter in
the Republic of Ireland (Finnegan et al. 2017c). In this
current paper, the environmental impact associated with
the manufacture of the main dairy products in the Republic
of Ireland is presented. The methodology employed to
perform the analysis, which is based on LCA, has been
detailed. The main Irish dairy products have been selected
for analysis and are compared for each of the impact categor-
ies used to assess their environmental impact. Additionally, a
brief comparison to international studies has been included,
along with a discussion on the main findings of the study.
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Fig. 1. Summary of the system boundary conditions, which are included in the analysis: raw milk transportation, processing and packaging

(adapted from Finnegan et al. (2017¢)).

Material and methods

This study has been structured in accordance with the
LCA guidelines of the International Organisation for
Standardisation  (1ISO):  ISO 14040 (1ISO, 2006).
Furthermore, particular attention was paid to the LCA meth-
odology for assessing the carbon footprint of the dairy indus-
try, which was published by the International Dairy
Federation (FIL-IDF, 2015). The life cycle inventory data
sets used in this study are based on site specific data,
national data and the ecoinvent database Version 3
(Weidema et al. 2013).

Goal, scope and system boundaries of the study

The primary goal of this study is to perform an environmen-
tal LCA of selected dairy products manufactured in the
Republic of Ireland from farm gate to dairy processing
factory gate. The selected dairy products are:

e milk powder (includes skim milk powder, whole milk
powder and full fat milk powder)

e butter

fluid milk (includes whole milk, semi-skimmed milk and

skimmed milk)

cream

infant formula

cheese (mainly cheddar)

whey powder
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The life cycle stages included within the system boundary
of the study are raw milk transportation to the processing
factory, processing of raw milk into each product and pack-
aging of the final product, which are summarised graphic-
ally in Fig. 1. The functional unit used in this study is
defined as 1 kilogram (kg) of product, as advised by FIL-
IDF (2015).

Life cycle inventory analysis

The life cycle inventory was generated using the results of a
survey of 11 dairy processing factories within the Republic
of Ireland, which process approximately 49% of the total
raw milk processed (2-85 billion litres out of a total of 5-8
billion litres). Operational data for years circa 2013 was
obtained, which includes:

volume raw milk processed

raw milk transportation details

dairy production details

electrical and thermal energy consumption (including the

breakdown between manufacturing processes)

e water consumption (including the breakdown between
manufacturing processes);

e chemical usage

e packaging details and raw materials used

e on-site wastewater treatment details
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Fig. 2. A comparison of the average environmental impact associated with the manufacture of each dairy product and the error bars
represent the range of variation between dairy processing factories, where (a): global warming potential; (b): cumulative energy demand;
(0): freshwater eutrophication potential; (d): marine eutrophication potential; (e): terrestrial acidification potential; and (f): water depletion
(where n is the number of dairy processing factories surveyed).
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e quantity of solid waste generated, including disposal
details

Where factors used in the survey were not monitored on-
site, engineering estimates or national averages were used. It
should be noted that it is assumed that all solid waste is dis-
posed of as specified in the survey (landfill, incineration or
recycled). Furthermore, in the case of recycled solid
waste, there is a positive net environmental impact observed
as the materials generated avoid the impact incurred by their
production from raw materials.

Life cycle impact assessment

The life cycle impact assessment methods used in this study
are the Intergovernmental Panel on Climate Change (IPCC)
2013 GWP 100a, Cumulative Energy Demand and the
ReCiPe Midpoint (H), which has also been used in the study
by Kim et al. (2013) of cheese and whey production in the
USA. Consequently, the environmental impact categories,
along with their associated comparative units, employed in
this analysis are: global warming potential (GWP), kg CO,
eq; cumulative energy demand (CED), MJ; freshwater
eutrophication potential (FEP), kg P eq; marine eutrophication
potential (MEP), kg N eq; terrestrial acidification potential
(AP), kg SO, eq; and water depletion (WD), m> water.

Results and discussion

A summary of the results of the analysis are presented in
Fig. 2. For each of the 6 impact categories assessed, the 7
dairy products are compared using the functional unit (per
kg product). The average environmental impact associated
with the manufacture of each dairy product, along with
error bars indicating the range of variation between dairy
processing factories, are presented (Fig. 2). These variations
are influenced by a number of factors including the number
of factories surveyed for the dairy product (displayed as n in
Fig. 2), the number of different products being manufactured
and the scale of production at the site.

The dairy product with the highest environmental impact
is infant formula. However, packaging is the largest con-
tributor to its environmental impact as a result of the quan-
tity of packaging materials used, while the majority of the
other dairy products are bulk packaged. Therefore, examin-
ing raw milk transportation and processing only, whey
powder has the highest environmental impact for each of
the 6 impact categories. For each of the dairy products,
other than infant formula, energy usage is the most signifi-
cant contributor to its environmental impact.

The results presented in this paper may be used as a
benchmark for the Irish dairy processing industry.
Therefore, we can compare to other studies for the same
life cycle stages. For example, Kim et al. (2013) reported
that for one kg of cheddar cheese produced in the USA,
for raw milk transportation, processing and packaging, the
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GWP, CED and FEP is 0-828 kg CO, eq., 10-8 MJ and
5-16 x 107* kg P eq., respectively. These values are greater
than the average values for GWP, CED and FEP that are pre-
sented in this paper of 0-48 kg CO; eq., 6-59 MJ and 8-39 x
107 kg P eq., respectively. Additionally, Nutter et al. (2013)
found that for one kg of packaged fluid milk produced in the
USA, for processing and packaging, the GWP is estimated to
be 0-131 kg CO, eq., which is less than the values found in
the present study of 0-167 kg CO; eq.

In conclusion, the environmental impact associated with
the Irish dairy processing industry has been presented. In
order for the industry to remain competitive, sustainability
needs to be improved and reducing its environmental
impact is essential in achieving this. Packaging materials,
particularly for infant formula, and energy usage, across
each of the life cycle stages, should be targeted as these
are the most significant contributors to the overall environ-
mental impact. The results from this study, although based
on lIrish data, can also be applied internationally as there
is very little difference between dairy processing technolo-
gies in Ireland and other developed countries.
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