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1. Introduction

According to the Food and Agriculture Organization of the United Nations (Organisation for Economic 
Co-operation and Development & Food and Agriculture Organization of the United Nations, 2018), a new 
trend is coming in dairy demand in developed and developing countries. In developed countries, per capita 
consumption of milk solids is projected to grow from 22.2 kg in 2015-17 to 23.1 kg in 2027, compared to an 
increase from 10.6 kg to 13.5 kg in developing countries. This tendency follows from the positive assessment 
of dairy fat and a change in taste in developed countries, as well as the increasing globalization of diets, which 
has influenced consumer decisions in developing countries.

Food waste is associated with loss of abiotic resources such as energy, water, land, and with unnecessary 
emissions of pollutants into the air, water, and soil (Brancoli et al., 2017). Increasing milk production, population 
growth and changing consumer habits are resulting in an increased market volume for dairy products, giving 
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rise to concerns about possible environmental impacts because of depletion of natural resources and the solid, 
liquid and gaseous emissions originating from the dairy industry (Rohlfes et al., 2011). In addition, modern food 
production and advanced logistics increase the threats to food safety (Govindan, 2018).

Before 2010, information technologies were used for optimization or supply chain coordination decision-making. 
However, companies are now more focused on the sustainability and environmental performance of the food 
supply chain, because of the increase in these themes in supply chain management (Govindan, 2018). For example, 
environmental aspects like CO2 emissions and waste reduction have been considered (Zhong et al., 2017).

Even though supply chain integration has been stimulated by the literature, companies are only managing 
their businesses and failing to share their needs with other chain members. The consequences are economic 
and management issues, which result in negative environmental consequences (Brockhaus et al., 2013; 
Corrado et al., 2017). It is mandatory to use consistent data on critical environmental aspects to minimize the 
adverse environmental impacts of processes (Brockhaus et al., 2013).

Previous studies propose point solutions, not considering the extent of their consequences throughout the 
chain. In this paper, the LCA method was used to enhance the environmental performance of a focal company in 
a dairy supply chain. The potential environmental impacts of its main product were assessed, and management 
solutions at the local level were proposed, resulting in consequences throughout the chain.

Some research questions will be answered after the paper ended:

- What are the environmental impacts of the focal company in the supply chain?

- How sustainable could a company be by reducing the transport distance?

- How sustainable could a company be by reducing the consumption of hygiene products?

- How sustainable could a company be by reducing the transport distance and consumption of hygiene products?

Thus, the use of the LCA method to analyze one stage of the supply chain is justified, as it enables a systemic 
view of the product life cycle. This facilitates the identification of hotspots, as well the assessment of proposed 
improvements in the environmental performance of the focal company.

The paper is structured as follows. In the next section, life cycle assessment (LCA), supply chain management (SCM) 
and sustainability are discussed. Next, the study materials and methods are presented. After that, the results are 
reported and discussed. The final section provides the conclusions of the study.

2. Life Cycle Assessment (LCA), Supply Chain Management (SCM) and sustainability

Environmental issues have received a fair amount of notice in the literature in the last 40 years, and 
environmental sustainability in particular has begun to garner immense academic and industry attention. 
However, the practice of relating them to changes in consumer, firm-level and supply-level behavior has only 
evolved in recent years (Jayaram & Avittathur, 2015).

Manufacturers have come to realize the potential benefits and importance of cooperative relationships, calling 
for a wider supply chain management approach. The complex nature of many transactions, especially when 
trying to drive green supply chain management activities across a firm’s supply chain, requires the formation 
of long-term supply relationships (Roehrich et al., 2017).

2.1. Sustainable SCM

The current concept of sustainable development considers at least three key components: economic growth, 
environmental protection and social equality (Mello et al., 2017). The issue of sustainability in global supply 
chain management, as focused on these components, has drawn significant attention from various researchers.

Supply chains have a critical aspect, which is the ability to identify sources of supply disruptions and manage 
risks (Shafiq et al., 2017). Operational risks are related to cost, quality, delivery, and more recently, to sustainability.

According to Kang et al. (2012), the common goal of supply chain management is to generate profit by reducing 
costs. A company’s environmental efforts are perceived as a standard for assessing its business performance.

Supply chains are complex adaptive systems (Carter et al., 2015) that provide a realistic and practical framework 
for assessing the interconnected environmental, economic and social capital of the energy and material inputs 
and outputs needed to produce goods and services.
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Since supply chains are also sub-systems of production economies, managers could apply the supply chain 
resource sustainability (SCRS) framework to aid in the translation of macro-level sustainability targets into 
actionable productions and operations objectives that are measurable and manageable (Koh et al., 2017). 
Seles et al. (2016) concluded that environmental pressures were found to propagate across a supply chain from 
tier to tier.

As environmental awareness grows, firms are expected to expand the scope of their environmental strategies 
beyond organizational boundaries and to address environmental issues in their supply chains and product life 
cycles more comprehensively (Martí & Seifert, 2013). Sustainable business practices can help create wealth 
for firms and raise the standard of living in emerging markets, while unsustainable economic activities lead 
to environmental degradation that can threaten an emerging country’s long-term prosperity and economic 
competitiveness (Hsu et al., 2016).

Environmental management is required to improve company performance, mainly in environmentally 
proactive companies that implement actions for this purpose. Even though this is a requirement, these companies 
need to invest in specialization and inter-functional link mechanisms to favor environmental management 
(Pertusa-Ortega et al., 2018).

Managers can be confident that sustainable supply chain initiatives will benefit their firms’ reverse logistics. 
Ecological requirements are key criteria for products and production, particularly for companies that seek ways 
to ensure economic sustainability by staying competitive and profitable (Hsu et al., 2016).

The three pillars of sustainability are the basis of the triple bottom line approach (3BL), which has been used 
by researchers and practitioners (Besiou & Van Wassenhove, 2015). In the context of sustainable supply chain 
management, it involves looking beyond the traditional economic parameters and making decisions based on 
life cycle costs, associated environmental and social risks and benefits and broader social and environmental 
implications (Tchokogué et al., 2018). In the same line, Galal & Moneim (2016) state that to achieve sustainability 
in developing countries, the members of the supply chain have to be coordinated, and countries must promote 
the connections and interactions among the three pillars of sustainability.

A balance among the pillars cannot be achieved without an adequate understanding of how societal and 
industrial actions or today’s decisions affect the environment. The coordination of supply chains is always a 
challenge, and is even harder in developing countries, which leads to difficulties in buyer-supplier relationships. 
These countries focus largely on economic benefits, perhaps at the expense of environmental quality (Hutchins 
& Sutherland, 2008). Concomitant social effects, which are not included in public policies in these countries, 
also have to be considered (Hutchins & Sutherland, 2008). Therefore, there is a need to assess the performance 
of the whole supply chain in light of the three pillars of sustainability previously mentioned (Galal & Moneim, 
2016). This paper focuses on the environmental dimension, which is not a limitation. We can conclude that 
sustainable resource practices in a supply chain must be economically viable, but also socially and environmentally 
responsible for all stakeholders (Koh et al., 2017).

Even though the importance of sustainability in supply chain management has been established, according 
to Ansari & Kant (2017), some main barriers to the implementation of these concepts remain. These include 
the limited integration of partners, poor supplier commitment, less-regulated industries, lack of management 
commitment and cost. The absence of integration between partners in a supply chain limits their performance, 
including the assessment of it (Galo et al., 2018).

2.2. LCA in the dairy industry

LCA is an important method that helps to achieve proper sustainability by assessing the environmental 
impacts of product designs (Chang et al., 2014). According to Kulak et al. (2016), chain integration can be 
promoted by applying LCA as a method to support the assessment of environmental information based on 
the data collected through the life cycle inventory. Such quantification, called inventory, considers the energy 
and materials inputs and outputs of the studied product system, relating them to a reference value called the 
functional unit. After collecting the inventory data, the study proceeds to an environmental impact assessment 
of the product system.

Life cycle thinking and LCA can identify the challenges along the supply chain, compare options related 
to food supply-chain optimizations oriented towards sustainable solutions, and assess scenarios related to 
technology, behavior, under given environmental conditions (Sala et al., 2017).

Molina-Besch (2016), in her study focused on the environmental impacts of packaging in the food industry, 
remarks, 
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Life cycle assessment (LCA) has been used for many years in the industry to determine priorities between different 
environmental requirements on packaging, and well-executed LCAs deliver valuable input. Another more practical 
problem of LCAs is that many companies lack resources to perform LCAs (Molina-Besch, 2016, p. 2513).

A great number of LCA studies have been conducted in dairy industries in the past 16 years. These studies 
have aimed to identify environmental hotspots along with their product’s life cycles. Examples are the work 
of Vagnoni et al. (2017) on sheep’s milk (“Pecorino”) cheese in Sardinia (Italy); that of Nigri et al. (2014), for 
cheese in Brazil; that of Djekic et al. (2014), in Serbia, which examined six different dairy products; that of 
Doublet et al. (2013), on nine dairy products produced in Romania; that of González-García et al. (2013), 
examining UHT milk in Portugal; and that of Hospido et al. (2003), regarding milk in Spain.

Most of these studies pointed to water and energy consumption, including transportation, as the main 
contributors to the impacts of the acidification, eutrophication, climate change and photochemical oxidant 
formation categories in the industry. The same studies showed that milk production is the major contributor to 
the environmental impacts of a dairy product.

However, these LCA studies did not include any recommendations related to the dairy supply chain. Santos 
Junior et al. (2017) proposed changes in the volume of hygiene products, without loss of quality and cleaning 
efficiency, to reduce the impacts of the life cycle of cheese. However, the authors did not suggest any integration 
for the cheese supply chain, focusing only on environmental performance.

Previous studies proposed point solutions, not considering the extent of their consequences throughout the 
chain. In this paper, the LCA method was used to enhance the environmental performance of a focal company in 
a dairy supply chain. The potential environmental impacts of its main product were assessed, and management 
solutions at the local level were proposed. The use of the LCA method to analyze one stage of the supply chain 
was justified, as it enabled a systemic view of the product life cycle in identifying hotspots, as well as analyzing 
proposed improvements in the environmental performance of the focal company.

2.3. Using LCA for a more sustainable SCM

LCA and SCM are increasingly integrated because of the growing interest in industrial ecology and sustainable 
supply chains, leading researchers and practitioners to spend more time with them (Blass & Corbett, 2018).

Blass & Corbett (2018), in their paper related to SCM and LCA, understand the demand for studies in 
environmental impacts from the first. According to these authors, many supply-chain elements occur in batches, 
including the chemicals needed to clean a process between batches of different products, the energy, and materials 
consumed while a process is switching from one type of product to another, etc. Some changes in distribution 
strategy or product mix can, therefore, have nonlinear effects on the corresponding environmental impacts.

Because of the complexity that persists in coordinating the members of the food supply chain, food wastage 
has increased over the past few years. To achieve sustainable consumption and production (SCP), food industry 
stakeholders need to be coordinated and to have their views reflected in an optimized manner (Govindan, 2018).

Some authors observe gaps in the literature, relating LCA strengths and emphasizing other aspects, such as 
social and economic impacts, which can support and give value to the decision-making process (Ingwersen et al., 
2016). Therefore, according to these authors, LCA is a method that provides an understanding (and reduction) 
of environmental impacts from consumer products processes in the supply chain.

Food supply chains are structured into different activities: (i) primary production, which includes the 
agricultural and breeding stages; (ii) transport and storage, which includes the activities that occur after food 
primary production and before its processing; (iii) processing, which includes all stages of the food process and 
its output; (iv) distribution, which includes sales and distribution from the factories to the retailers, involving 
warehouse, inventory and transportation operations; (v) consumption, which includes consumers, restaurants 
and other places where food is sold after it is cooked; and (iv) end of life, which includes LCA cradle-to-grave 
studies (Gustavsson et al., 2011; Vazquez-Rowe et al., 2012; Corrado et al., 2017)

3. Material and methods

Because of the technological level of its equipment and processing capacity, a medium-size dairy company 
in Midwest Bahia State in Brazil was chosen to represent the focal company in a dairy supply chain. The analysis 
presented in this paper discusses the sustainable performance of this focal company (the named dairy plant), not 
all dairy supply chains. This case study was developed to collect primary data and identify the environmental 
impacts of this industry within the dairy supply chain. A semi-structured interview with the food engineer 
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responsible for plant production allowed for the collection of primary data. The collected data was used to 
propose different scenarios, corroborating the importance of this method for this supply chain integration.

3.1. The dairy supply chain structure

Research on sustainability in food supply chains has been carried out using many approaches (Govindan, 
2018). Here, the LCA will be used to manage the environmental aspects related to the dairy supply chain.

The dairy factory is responsible for the economic sustainability of the chain, since it is where the main 
product takes its final form and gains its market value (Bourlakis et al., 2014). The dairy product chosen for 
the study of its environmental impacts was Prato cheese. This Brazilian cheese has a Danish origin, similar to 
Gouda & Danbo, though it differs in flavor and texture. It accounts for about 20% of all cheese produced in 
Brazil (Nepomuceno et al., 2016). Prato cheese has similar production stages to other cheese varieties and the 
highest economic value when compared to other dairy products (Santos Junior et al., 2017).

The dairy supply chain considered in this study is composed of three segments: i) production of feedstock (dairy 
farm), upstream; ii) processing, dairy plant (focal company); and iii) marketing, represented by the distribution 
center, downstream (Figure 1). The horizontal structure of the chain also contains suppliers of inputs to the 
dairy plant, such as hygiene/cleaning products, materials, and ingredients for processing, firewood for heat 
generation, packing materials, and others. While Corrado et al. (2017) considered the transport, storage, and 
processing stages, the present work concentrated on the transport and processing stages to/and in (respectively) 
the focal company (dairy plant). As mentioned above, the focus of this paper is on the focal company.

Figure 1. Dairy supply chain structure.
Source: Authors.

When applying LCA as a management tool, the chain’s structure can be adjusted to meet its requirements 
according to the method proposed by Hagelaar & Van der Vorst (2002). This process starts with the definition 
of the respective LCA approach according to one of the three strategies— compliance, process, and market—and 
is oriented to the goals of the studied supply chain. Here, the dairy supply chain’s main goal was to achieve 
compliance with environmental legislation; therefore, a “compliance” strategy was adopted. The “process” 
and “market” strategies were not considered because of the legal requirements that would have needed to be 
incorporated to proceed later on with studies focused on prevention of residues in the production processes, 
and finally to achieve the integration of the stakeholders.

The vast majority of environmental studies on supply chains are qualitative, lacking more specific quantitative 
content (Wang et al., 2016). In this paper, a qualitative and quantitative approach is applied.
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3.2. Life cycle assessment

A cradle-to-gate attributional LCA approach was performed, according to ISO 14040:2006 (International 
Organization for Standardization, 2006a) and 14044:2006 (International Organization for Standardization, 
2006b) standards, containing the following steps: (1) the goal and scope definition; (2) the inventory analysis; 
(3) the impact assessment; and (4) the interpretation phase. The goal of the LCA was to assess the environmental 
impacts associated with cheese production to enhance the focal company’s (dairy plant’s) environmental 
performance.

The function of the product system is the production of cheese. The functional unit was defined as 1 kg of 
Prato cheese, and the system boundary considered to include everything from the raw materials input up to the 
dairy industry’s gate (Figure 2). Because of the multifunctional characteristics of the dairy plant, mass allocation 
(Table 1) was performed, to distribute the environmental impacts related to the products. Most of the data used 
in this study were obtained from primary sources, and refer to the consumption of fuel for the production of 
process heat, electricity consumption, milk and other inputs necessary for cheese production; packing materials; 
labels; transport of the input materials (distance and type of vehicle); water; and hygiene products. Where primary 
data were not available, secondary data from databases, e.g., Ecoinvent (2014), ELCD (2014), Agri-footprint 
(2014), and other research were used.

Figure 2. Flowchart from the Prato cheese product system.
Source: Authors.

According to Djekic et al. (2014) and Santos Junior et al. (2017), the milk life cycle is the main contributor 
to the impact of the final product (cheese). This study did not consider the environmental burdens of milk as an 
input to the dairy plant. The relative contributions of each p3articipant in the supply chain and the corresponding 
impact category were calculated for all the other products considered as inputs to the plant.

The solid residues, soot, and wastewater from the dairy industry considered in this study are sent to the 
municipal urban cleaning company and municipal sewage, respectively. Therefore, the impacts of those outputs 
were not considered, as they were considered to have been adequately treated. Furthermore, the paper focuses 
on the transport and processing stages to/and in the focal company, and not on the transport from the focal 
company to its partners, even though they are contributing to its disposals. Again, the focus is on the dairy plant.

Table 1. Mass allocation for cheese and other dairy products.

Product
Electricity Heat Water Effluents

Hygiene 
products

Transport

kWh/kg (%) MJ/kg (%) kg/kg (%) m3/kg (%) kg/kg (%) t.km/kg (%)

Pasteurized milk 0.16 (6.90) 2.01 (6.82) 0.98 (6.27) 0.001 (6.25) 0.004 (6.06) 0.03 (6.38)

Cream 0.16 (6.90) 2.01 (6.82) 0.98 (6.27) 0.001 (6.25) 0.004 (6.06) 0.1 (21.28)

Yogurt 0.4 (17.24) 11.4 (38.66) 2.63 (16.84) 0.003 (18.75) 0.011 (16.67) 0.18 (38.30)

Butter 0.96 (41.38) 7.37 (24.99) 1.84 (11.78) 0.002 (12.5) 0.008 (12.12) 0.03 (6.38)

Cheese 0.64 (27.59) 6.7 (22.72) 9.19 (58.83) 0.009 (56.25) 0.039 (59.09) 0.13 (27.66)
Source: Authors.
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3.2.1. Impact assessment

The classification of the inventory data according to environmental impact categories occurs in this stage 
of the LCA. According to Baldini et al. (2017), LCA studies regarding the milk sector should consider a wide 
range of impact categories. Thus, eight potential environmental impact categories were chosen: climate change 
(CC, in kg CO2 equivalent); ozone depletion (OD, in kg CFC-11 equivalent); terrestrial acidification (TA, in kg SO2 equivalent); 
freshwater eutrophication (FE, in kg P equivalent); photochemical oxidant formation (POF, in kg NMVOC); particulate 
matter formation (PMF, in kg PM10 equivalent); water depletion (WD, in m3); fossil depletion (FD, in kg oil equivalent).

The characterization factors of the method ReCiPe 2008 (Goedkoop et al., 2013) version 1.12, with the hierarchic 
model (H), were used to correlate the data from the inventory and the environmental impacts associated with 
the elementary flows. The ReCiPe is the most recent and harmonized indicator approach available in life cycle 
impact assessment (Pré Sustainability, 2019). The choice of the method and impact categories were based on 
their environmental relevance and a lesser level of uncertainty associated with the LCA models (Alves et al., 2019). 
SimaPro (2014) PhD version 8.0.5.13 was used for processing data and modeling the potential environmental 
impacts for the product system.

The inventory data for 1 kg of cheese, as well as the processes and the corresponding database in SimaPro 
used for modeling the product system, are shown in Table 2.

Table 2. Inventory, processes, and databases used to produce 1 kg of Prato cheese.

INPUTS/OUTPUTS/ DIRECT 
EMISSIONS

SIMAPRO PROCESS DATABASE QUANTITY UNIT

Prato cheese ------ ------ 1 kg

cream ------ ------ 0.0516 kg

whey ------ ------ 7.9662 kg

INPUTS

Other Ingredients

- Calcium Chloride Calcium chloride {GLO}| market for | Alloc Def, S Ecoinvent 3 0.0067 kg

- Salt Sodium chloride, production mix, at plant, dissolved RER ELCD 0.0868 kg

Packaging
Packaging film, low density polyethylene {GLO}| market for | 
Alloc Def, S

Ecoinvent 3 0.0154 kg

Thermal Energy  
(Heat produced by combustion of 
firewood in a furnace)

Heat, onsite boiler, softwood mill average, NE-NC/MJ/RNA USLCI 0.1456 MJ

Electricity Electricity mix, AC, consumption mix, at consumer, < 1kV/BR Mass Agri-footprint 0.0371 kWh

Water
Tap water {RoW}| tap water production, underground water 
without treatment | Alloc Def, S

Ecoinvent 3 4.3037 kg

Hygiene products

- Alkaline Detergent Sodium hypochlorite, without water, in 15% solution state {GLO}| 
market for | Alloc Def, S

Ecoinvent 3 0.0031 kg

- Acid Detergent Hydrogen fluoride {GLO}| market for | Alloc Def, S Ecoinvent 3 0.0023 kg

- Hydrogen Peroxide Hydrogen peroxide, without water, in 50% solution state {GLO}| 
market for | Alloc Def, S

Ecoinvent 3 0.0002 kg

- Sodium Hydroxide Sodium hydroxide (50% NaOH), production mix/RER Mass Agri-footprint 0.0023 kg

OUTPUTS

Solid Residues

- Plastic Residues Packaging waste, plastic ------ 0.0012 kg

- Production Residues Production waste ------ 0.0183 kg

- Ashes Wood ashes ------ 0.1412 kg

- Soot Soot ------ 0.0044 kg

Wastewater Wastewater ------ 6.4421 L

- Milk Cream Byproduct ------ 0.0516 kg

- Whey Byproduct ------ 6.2593 kg

Transports

- Milk Transportation Transport, single unit truck, diesel powered/US USLCI 0.0219 t.km

- Other ingredients Transportation Transport, single unit truck, diesel powered/US USLCI 0.0129 t.km

- Transport of packaging and hygiene 
products Transport, single unit truck, diesel powered/US USLCI 0.8260 t.km

Source: Authors.
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The results of both the inventory analysis (storage) in the focal company (dairy plant), and the impact 
assessment were interpreted based on the objective and the scope initially determined, and included statements 
of conclusions, limitations, and recommendations.

3.2.2. Proposed scenarios for mitigating the environmental impacts in the focal company

Based on the results, the participants in the focal company supply chain with the highest contribution to 
the impacts were identified. Three possible scenarios for attempting to reduce such impacts were proposed: 
S1, reduction of the transportation distance by 40%; S2, reduction of the consumption of hygiene products by 
20%; and S3 (S1 + S2), a grouping of both previous scenarios (40% reduction of transportation distance + 20% 
reduction of hygiene products).

The reduction of the transportation distance in S1 consisted in changing the current supplier of packaging 
material and hygiene products (1,420 km from the dairy plant) to another one close by (828 km from the dairy 
plant), using the same truck. This decision assumed the same quality of packaging material and hygiene products. 
The average final cost of these inputs was decreased because of the logistics cost reduction.

The reduction of 20% in the use of hygiene products was proposed on the assumption that the quality and 
prices did not change. Changes in the cleaning technique could therefore contribute to reducing consumption 
without comprising the cleaning efficiency. According to Santos Junior et al. (2017), cleaning products 
combinations were not effective in reducing the impacts, altering them by less than 2%. Eide et al. (2003) 
stated that cleaning technique contributes more to altering the impacts than the type of detergent used. Thus, 
standardization of cleaning processes according to the model presented by Djekic et al. (2014) was assumed in 
scenario S2, resulting in a reduction of 20% in the consumption of hygiene products.

Since the changes in S1 and S2 could happen simultaneously, a third scenario (S3) was proposed, which 
involved merging the two previous scenarios. The results of S1, S2, and S3 were compared to each other and to 
the base scenario (S0) to verify changes in the potential environmental impacts considered.

4. Results and discussion

4.1. Environmental impact assessment of cheese

The impacts of each category for cheese production are shown (Figure 3). The main contributions to the 
impacts in CC category were due to the transportation of hygiene products (59.18%); followed by plastic 
packaging materials (16.06%), heat production (7.66%), and sodium chloride (5.18%). The transportation of 
the hygiene products was also the main contributor to the other four impact categories (TA, POF, PAM, and 
FD). Therefore, this was considered a critical point in the production system studied. The hygiene products were 
the main contributors to the categories OD (hydrogen fluoride, 27.84%, sodium hypochlorite, 29.89%,) and EA 
(hydrogen fluoride, 34.16%; Sodium hypochlorite, 9.43%).

The hygiene products were also the second-largest contributor in the TA category (hydrogen fluoride, 8.56%, 
sodium hypochlorite, 1.27%, sodium hydroxide, 0.49%, and hydrogen peroxide, 0.08%) and the third-largest 
contributor in the WD category (hydrogen fluoride, 5.82%, sodium hypochlorite, 1.23%, sodium hydroxide, 
0.09%, and hydrogen peroxide, 0.03%).

Although the packaging material for the cheese (packaging film) is not the largest contributor, it was 
present in all assessed impact categories, and was the second-largest contributor in the categories FD (28.15%), 
FE (31.12%), WD (10.52%), PMF (11.61%), and POF (11.08%), and the third-largest contributor in CC (16.06%), 
OD (23.60%) and TA (12.00%). Water consumption for hygiene and sanitation was the largest contributor in 
the WD category (73.69%). Also worth mentioning is calcium chloride, which was the third-largest contributor 
in the categories OD (11.54%), FE (20.82%), and FD (1.78%).

The analysis of the main contributors to the impact categories reveals that some, such as water for cleaning, are 
directly related to the production process in the dairy plant (focal company). The impacts of other product-related 
contributors are caused outside the focal company. For example, the impacts of the cheese packaging material 
(plastic film as primary packing) are associated with the production of this respective input.

Other elementary flows, such as those related to the hygiene products, also caused impacts upstream of the 
focal company. Their contributions to the impact categories were related to its production, as well as to their 
usage. Other impacts existed and were caused solely outside the focal company, such as the transportation activities 
considered in this study (transportation of milk, input materials, packaging materials, and hygiene products).
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Therefore, from the life cycle perspective, the impacts represent not only the activities inside the focal 
company, but also those along the supply chain. For example, considering the common world water scarcities, 
including in Brazil, reduction strategies have to be developed for water consumption. The water crisis has 
direct consequences on the dairy supply chain, mainly because of the general reduction in milk production. 
The coefficient for water use was 4.30 L/L of milk, lower than the values found in the literature (Djekic et al., 
2014; Doublet et al., 2013).

For the climate change category, this study identified an emission of 4.07 kg CO2eq/kg of cheese, which is 
lower than the results obtained by Djekic et al. (2014), who studied seven dairy plants and found a range of 
6.73 to 9.47 kg CO2eq/kg of cheese. The results are consistent with those obtained by Doublet et al. (2013), 
which ranged from 3.24 to 7.76 kg CO2eq/kg of cheese.

As found by Djekic et al. (2014), this study identified fuel consumption as the main contributor to the 
climate change category in the cheese’s life cycle, because of the CO2-emissions by trucks during transportation. 
However, Doublet et al. (2013) showed that Romania’s energy mix was the major contributor to climate change 
due to the combustion of lignite in the power plant. Santos Junior et al. (2017) indicated that the production of 
skimmed milk was the main contributor to climate change, mainly due to the use of energy. In the freshwater 
eutrophication category, the results (0.0002 kg P eq) were lower than those found by Doublet et al. (2013), 
(0.0004-0.0010 kg P eq), because of the emissions caused by the combustion of lignite in Romanian power plants.

The packaging films are used proportionally to cheese produced. Tiny amounts of plastic film residues 
are produced in the packing process, so this was not considered a critical point. Among the transportation 
processes tested in this study, milk transportation did not allow any improvements, as this raw material came 
from different suppliers. Transport of inputs was also not very flexible, because these items are bought in the 
county neighboring the dairy plant (focal company). Accordingly, it is only possible to propose changes to the 
transport of hygiene products and packaging materials, since the supplier of these inputs could be replaced by 
one closer to the dairy plant while maintaining the same quality and prices.

4.2. Assessment of scenarios and suggestions for the focal company

The critical points in the baseline scenario (S0) are mainly due to transportation and hygiene products. 
The results for the three proposed scenarios are presented in Table 3 and discussed.

Figure 3. Contribution analysis of the environmental impacts of Prato cheese with mass allocation, ReCiPe Midpoint (H) 
characterization method. CC - climate change, OD - ozone depletion, TA - terrestrial acidification, FE - freshwater eutrophication, 

POF - photochemical oxidant formation, PMF - particulate matter formation, WD - water depletion, FD - fossil depletion.
Source: Authors.
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4.2.1. Reducing the transport distance (S1)

In S1, a reduction of 35% in the climate change category can be observed. The reduction in transport distance 
of 40% because of the replacement of the original suppliers of packaging material and hygiene products by 
others closer to the dairy plant reduced the demand for fossil fuel and therefore resulted in lower CO2 emissions.

In the photochemical oxidant formation category, a reduction of 45.7% can be observed, along with reductions 
in all the other impact categories. According to Kulak et al. (2016), possible impact reductions depend on the 
willingness of the members of the supply chain to adopt the suggested measures. Therefore, some form of 
cooperation in the supply chain is required.

4.2.2. Reducing the consumption of hygiene products (S2)

Scenario S2, (a reduction of 20% in the consumption of hygiene products), achieved a decrease of 11.5% 
in the freshwater eutrophication impact category. Less use of hygiene products also meant reduced purchases 
of these inputs, resulting in savings for the focal company (dairy plant). If other dairy plants follow the focal 
company’s example, this may cause a decline in the demand for such products, which could eventually reduce 
phosphate emissions to the water during the production of hydrogen fluoride.

Because of the lack of cooperation within the supply chain, improvements in the life cycles of hydrogen 
fluoride production were not proposed, and therefore the reduction of environmental impacts was only achieved 
through the reduced consumption of hygiene products. This scenario resulted in a reduction in all the studied 
impact categories.

The conventional sanitization method (alkaline/acid) used by the studied focal company (dairy plant), was 
described by Berlin et al. (2007), and by Djekic et al. (2014). This activity demands constant analysis, optimization, 
and innovation, because a variety of products and technologies must be applied in order to achieve the required 
standards of hygiene. Improvements can be achieved by adapting the dosage of the chemical products and by 
adjusting the heating systems to increase the effectiveness of the solutions. These improvements also affect 
wastewater quality (Milani et al., 2011).

4.2.3. Reducing the transport distance and consumption of hygiene products (S3)

In the merged scenario S3 (S1+S2), a reduction in all eight analyzed impact categories was achieved relative 
to the base scenario. The decrease of 37.5% in the climate change category was related to reduced consumption 
of fossil fuel, and consequently lower CO2 emissions, because of shorter transportation distances for the input 
materials. Another relevant result was observed in the photochemical oxidant formation category, with a decrease 
of 46.5% of nitrogen oxide emissions, again because of reduced transportation distances.

The results showed that reductions in the environmental impacts of Prato cheese can be achieved not only 
during the production process, but also through initiatives along the whole supply chain.

S1 yielded reductions of over 30% (31.43%-45.71%) in five of the eight studied categories. In S2, the major 
reductions were between 11.46% and 13.46%, in the categories OD and FE, respectively, where no relevant 
reductions occurred in S1. In S3, the magnitude was maintained, and where S1 and S2 resulted in reductions 
in different categories, S3 resulted in major reduction potential in more categories than S1 and S2 individually. 
In S3, seven of the eight categories saw relevant reductions of over 11% compared to S0, confirming a synergistic 

Table 3. Environmental impact reduction related to proposed scenarios.

Impact Category
% reduction compared to S0

S1 S2 S3

Climate Change 36.49 0.83 37.54

Ozone Depletion 4.01 13.46 13.54

Terrestrial Acidification 35,82 2.28 38.19

Freshwater Eutrophication 1.94 11.46 11.46

Photochemical Oxidant Formation 45.71 0.74 46.49

Particulate Matter Formation 36.35 1.83 38.30

Water Depletion 0.20 1.90 1.90

Fossil Depletion 31.43 0.92 32.51
Source: Authors.
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effect in the improvement of the environmental performance of cheese through reducing the consumption of 
hygiene products and transportation.

5. Conclusions

The results show the contribution of LCA method to the enhancement of the sustainable performance 
of a focal company in a dairy supply chain. This contribution occurs through the impact assessment of the 
company’s main product, and by the identification and proposal of improvements that can be managed by the 
dairy industry, with no expansion with the modeling of the upstream and downstream segment.

This shows possibilities for the application of LCA results, for example in the selection of suppliers, which 
should comply with certain environmental standards, for example benchmarking references, to be considered. 
This is only one perspective on an integrated analysis of a dairy supply chain.

Even though some improvements might not be implemented because of the almost non-existent cooperation 
among the members of the studied dairy supply chain, LCA as a tool for decision-making can also strengthen the 
integration of the chain, because it provides important information, not only for the focal company, but also for 
all the other stakeholders. To achieve this, a cooperation structure needs to be developed for the supply chain: 
the roundtable needs to be avoided, and advances towards a multi-focused approach to the chain structure have 
to be made. This includes major partnership contracts among stakeholders for many of the decision-making 
functions, and can result in a win-win situation in the dairy product supply chain.

The public perception of environmental impacts caused by food processing and production often diverges 
from the facts revealed by scientific studies. The environmental management of supply chains can improve this 
situation by using necessary data and quality information supplied by research, not only as a basis for their 
decision-making processes, but also for marketing purposes.

We can recommend further research with that broadens the scope of analysis, such as from the focal company 
to the upstream of the supply chain, i.e., the dairy industry and its first- and second-tier suppliers (the main 
ones, which influence the process directly). New research can investigate the downstream of the supply chain, 
i.e., from the focal company to its first- and second-tier customers. A third option is a study applying LCA in 
the entire supply chain, from the milk producer to the retailers. A fourth way to study this method is by applying 
it in another kind of food or beverage supply chain.

The paper has as a limitation the use of a unique case study to collect data, which did not compromise the 
quality of research. It is possible to investigate other chains or even other dairy companies using the method 
presented.
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