

  The Milk Supply Chain in Italy’s Umbria Region: Environmental and Economic Sustainability




The Milk Supply Chain in Italy’s Umbria Region: Environmental and Economic Sustainability







Sustainability 2016, 8(8), 728; doi:10.3390/su8080728




Article



The Milk Supply Chain in Italy’s Umbria Region: Environmental and Economic Sustainability



Lucio Cecchini 1, Biancamaria Torquati 1, Chiara Paffarini 1, Marco Barbanera 2, Daniele Foschini 2 and Massimo Chiorri 1,*





1



Department of Agriculture, Food and Environmental Science, University of Perugia, Borgo XX Giugno, 74, 06126 Perugia, Italy






2



CRB—Biomass Research Centre, Via G. Duranti, 63, 06125 Perugia, Italy









*



Correspondence: Tel.: +39-075-585-6274







Academic Editor: Giuseppe Ioppolo



Received: 31 May 2016 / Accepted: 25 July 2016 / Published: 29 July 2016



Abstract:



This article aims to investigate the environmental and economic sustainability of five dairy farms in the Umbria Region (Italy). The study also provides an assessment of aggregate sustainability, which is less investigated with reference to cattle milk both globally and in Italy, through the analysis of the relationship between economic and environmental performance. Primary data were collected through a direct survey carried out in 2014. The environmental assessment was conducted with a Life Cycle Assessment (LCA) “cradle to farm gate” approach, while the economic dimension was evaluated by determining the direct and indirect costs related to the factors involved in the production process. A correlation analysis and a linear regression were performed in order to study the relationship between the carbon footprint (CF) and operating income. The average operating income amounted to 0.03 Euro/L of milk. The CF values of the five companies are contained within a variation range comprised between 0.90 and 1.76 kg CO2 eq/L of milk. The existence of an inverse relationship between the CF of milk and operating income confirms the hypothesis regarding the possibility of implementing strategies aimed at improving performance in both investigated dimensions at the same time, thus increasing the aggregate sustainability.
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1. Introduction


In recent years the scientific debate about gas emissions of anthropogenic origin has caused considerable interest, also given the extensive scientific evidence that has demonstrated a clear relationship between the increase in greenhouse gas emission levels and the evident global climate change. More recently, at the European level, the reduction of Greenhouse gas emissions (GHG) has become one of the key challenges pursued by the Europe 2020 strategy, through the objective of reducing GHG of 20% by 2020 [1]. Environmental issues play a leading role in the 2014–2020 Common Agricultural Policy (CAP) [2], with the introduction of payments to encourage the use of “green” practices (greening). Also thanks to such stimuli, increasing attention has been paid to the study of the environmental impact of agriculture, forestry sector and other land use, which is associated with a major contribution in terms of worldwide emissions, which increased from 4.7 billion tons CO2 eq in 2001 to over 5.3 billion tons in 2011, an increase of 14% [3]. With respect to emissions, animal husbandry is the agricultural activity most responsible for greenhouse gas production. Within this sector, a significant contribution is made by the bovine milk area, which alone is responsible for the emission of 1969 million tons CO2 eq, equal to about 4% of total anthropogenic emissions [4]. In view of this fact, a wide range of studies has been conducted, with the aim to investigate the impact of bovine milk production on gas emission at global [4,5], national [6,7,8,9,10,11] and local level [8]. In all the cases mentioned above, albeit the use of different methodology that do not allow a comparison, the Life Cycle Assessment (LCA) methodology has been employed for milk Carbon Footprint (CF) analysis [12], and is considered the most suitable for the estimation of GHG emissions, and of resources consumption associated with the milk production process. In particular, the choice of this method, in accordance with the international guidelines established by the ISO/TS 14067 (ISO, 2013) legislation [13], is justified by the typical “cradle to gate” approach of the LCA, which allows for the identification and quantification of emissions along the entire production cycle. In accordance with ISO/TS 14067, the CF is defined as the algebraic sum of the emissions and removals of GHG related to all stages in the life of a product, expressed in CO2 equivalents.



While the above-mentioned studies have contributed to improving knowledge by providing important information about possible mitigation measures, they are nevertheless limited to taking into consideration only the environmental dimension of the concept of sustainability, which is characterized by multiple components that require a multidisciplinary approach for the purpose of such a study. The 2005 World Summit on Social Development identified three different aspects as fundamental for the analysis of sustainability, with regard to the environmental, economic and social spheres [14]. The sustainability is thus a very broad concept, which more specifically with respect to livestock farming, has been outlined under four profiles of sustainability [15]: economic sustainability (profitability); internal social sustainability (working conditions); external social sustainability (animal welfare, quality of the landscape, etc.); and ecological and environmental sustainability (greenhouse gas emissions, eutrophication, groundwater pollution, etc.). Given the connection with elements of difficult and objective measurement, the present study focuses on aspects of environmental and economic sustainability. The maintenance of acceptable income levels for production companies is configured as a necessary condition for the implementation of any environmental impact mitigation measures [16]. The economic performance of the sector is also of primary importance, in view of the important contribution it provides, not only in terms of emissions, but also in economic terms. The value of EU milk production represents around 15% of the total, and stands in first place in terms of value among the individual agro-industrial productive sectors [17]. The EU also plays a leading role in the global milk market, producing about 153 million tons per year [17], which corresponds to about 20% of global production.



The dairy supply chain makes an important contribution to the performance of the Italian agro-food system, to the extent that in 2013 it contributed 9.4% of the total Gross Domestic Product (GDP) of the primary sector. Seventy-five percent of dairy production is concentrated in the northern regions of Lombardy, Emilia Romagna, Veneto and Piedmont. In the Umbria region, the dairy sector is less important in terms of quantity, but is still historically rooted in the territory, with a production of 63.762 tons of cow milk in 2012 [18].



Only a limited number of studies have made use of economic indicators in the calculation of the bovine milk CF [16,19], and none have dealt with the Italian productive context.



In the light of the framework outlined above, the present study has as its aims: the evaluation of the carbon footprint of bovine milk produced in Umbria; the determination of the economic performance through the use of profitability indicators; and the study of the relationship between the CF and profitability indicators.



The analysis of the economic and environmental performance has been carried out elaborating the technical and economic data of five dairy farms located in the province of Perugia, in the Umbria Region, in 2014. In 2014, five dairy farms were partners of BOVINEPRINT2020 project funded by the Umbria Region RDP 2007–2013, Measure 1.2.4 (“Cooperation for the development of new products, processes and technologies in the agriculture and food sector and forestry”). The aim of the project was to define possible guidelines for the mitigation of GHG emissions in the regional production of bovine milk and to determine the relative economic trade-off.




2. Materials and Methods


This study analyzed sustainability according to environmental and economic criteria. In particular, through a careful process of data collection based on corporate audit methodology, data outlining both the environmental and economic performance of 5 dairy farms were collected, relating to the year 2014.



The choice of these 5 dairy farms was based on the criteria of size, in order to ensure the representativeness of the sample (in terms of livestock numbers). Based on ISTAT data [20] relating to the milk sector in Umbria, the following three principal categories of business size were identified, with reference to number of livestock reared: class 1 (0–199); class 2 (200–299); and class 3 (more than 300). The survey looked at two dairy farms for each of the classes 1 and 2, and one dairy farm for class 3, in view of the low frequency recorded for the latter class, due to the intrinsic characteristics of the territorial context in question, which does not favor the presence of dairy herds of a considerable size [20].



2.1. Environmental Sustainability


With the aim of evaluating the carbon footprint linked to milk production, an LCA analysis was conducted for each dairy farm selected according to the “cradle to farm gate approach”; the SimaPro software (ver. 8.0.4.30) (PRé Consultants bv, Amersfoort, The Netherlands) was used, in accordance with both the UNI ISO/TS 14067:2013 [13] standard and the standards ISO 14040 [21] and 14044 [22].



Greenhouse gas emissions were expressed in terms of Global Warming Potential (GWP) with a return period of 100 years, taking as characterization factors in CO2 eq: 1 kg of CO2 eq to 1 kg of CO2 eq, 1 kg of CH4 eq to 25 kg of CO2 eq and 1 kg of N2O eq to 298 kg CO2 eq.



The indications in the General Programme Instructions For The International EPD® SYSTEM 2.01 [23] were adopted along with the following product category rule (PCR): PCR 2013:05 Arable crops of 12-06-2013 [24]; and PCR 2013:16 Raw Milk of 17-09-2013 [25]. These methodological choices were preferred as the ISO/TS 14067 does not provide a clear indication and in order to improve the comparability of results with other studies.



2.1.1. Functional Unit and System Boundaries


The functional unit is a liter of milk, as required by the IDF guidelines. The functional unit is the reference unit with respect to which the impact was assessed. The system boundaries include all incoming materials (purchased animals, fodder, feed, food supplements, seeds, fertilizers, pesticides, herbicides and crop protection products, energy, etc.), while for the outgoing products (milk, meat, vegetable products, manure, etc.) the system boundaries stop at the farm gate (Figure 1).


Figure 1. System boundaries of the LCA analysis of milk production.
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The following effects have not been considered:

	
the production of agricultural machinery and construction of buildings;



	
the production of veterinary medicines;



	
the transportation and disposal of carcasses;



	
emissions associated with the combustion of methane produced by biodigesters;



	
the production and disposal of the packaging of seeds and synthetic chemical products, due to lack of information;



	
change in land use: it was not possible to collect data on the last 20 years;



	
food processing within feed mills; and



	
the disposal of waste water involved in the washing of premises.









2.1.2. Allocation of By-Products


In accordance with the PCR for Arable crops [24], if there is a by-product (such as straw) that is collected and sold to third parties, it is necessary to make an allocation that must be of an economic nature.



Furthermore, an environmental impact breakdown study was carried out between the milk and meat produced (cattle at the end of their productive lives and calves not destined to restock herds).



As indicated by PCR for Raw milk [25], two different allocations were applied to the categories of cattle: for lactating dairy cows, the co-produced meat derived from surplus calves was considered; and, for those intended to restock herds (calves and heifers), the co-product considered was the meat derived from surplus calves and culled cows. The processes allocated in this manner are those relating to the production, preparation and serving of feed, enteric fermentation, and manure management. The processes not allocated between milk and meat were those of milking, the washing of facilities and the refrigeration of raw milk.




2.1.3. Data Quality


The data collection was carried out through a structured questionnaire and they refer to the year 2014, if available; they concerned at the single process level (primary data) and delivery notes, invoices, herd registers, herd management software and the logbook, and interviews. The secondary and tertiary data were derived from international databases (Ecoinvent), an environmental assessment tool, or calculated with suitable estimation models (IPCC, Ecoinvent).




2.1.4. Inventory Analysis


For the assessment calculation in the phase of inventory, four categories of cattle were defined for each farm:

	
calves;



	
heifers;



	
lactating cows; and



	
dry cows.








The four categories into which the barn was divided have different intervals of reference, which sometimes exceed 12 months. For this reason the equivalent number of days that each category lasted was calculated, adjusting the length of the category to 12 months. The dry period was considered equal for all farms, at 60 days a year from the beginning of the lactation phase. Vice versa, breeders provided their average values for the calf, heifer and lactation phases. The length of all categories was then annualized, thus defining a dummy animal that passes through all four phases in a year.



Feed


The cultivation of fodder and silage at livestock farms has been modeled following the parameters of the PCR for Arable crops [24]. The inputs for the model were: diesel fuel and mineral oil used by machinery in farming operations, mineral and organic fertilizers, herbicide products for pest control, plastic material for baling, electricity for irrigation, and the seeds used.



The data relating to all cultivation operations and each species cultivated in the selected farms were collected, along with processing time and the power of the tractors used. The data analysis has permitted the estimation of the consumption of diesel and mineral oil for each farming operation. The emissions associated with fuel combustion, its production, and the production of mineral oils were calculated beginning with processes in the Simapro software database.



The fertilizers, manure, slurry and digestate spread on farmland for each crop were recorded through first person interviews with livestock farmers and incorporated into the model. Starting from the applied quantity, the direct and indirect emissions of nitrous oxide (N2O) in the air, and carbon dioxide (CO2) resulting from the use of urea were calculated, applying the IPPC, Tier 2 methodology [26].



The production of the main products of chemical synthesis was modeled using the processes present in Agri-Footprint and Ecoinvent databases, as in the production of seeds.



The fodder purchased was generally of local origin, and its cultivation has been assimilated to that of fodder produced in a medium sized farm in the study area. Information regarding the percentage of purchased fodder, compared to self-produced, and the distance travelled for transportation, was obtained from interviews; an average distance of 50 km for procurement was considered if it was not known. With regard to transport, the use of medium-sized vehicles (a fleet with a capacity of between 16 and 32 tons) has been hypothesized.



Regarding the production of complex feed, the modeling was performed using the data presented on product labels featuring information on the type of ingredients and the chemical composition of the feed, thus it was possible to derive the percentage quota of each ingredient; in fact, it was not possible to use secondary data for their production. The production processes employed for all the components of the feed were incorporated into the model, making use of the crop cultivation processes present in the Ecoinvent database.



The transport of feed from the storage warehouse to the companies was hypothesized to have been carried out using medium-sized trucks (a fleet with an average capacity of 16–32 tons), while an average procurement distance of 20 km was assumed.




Animal Breeding and Milking


The calculation of methane emissions from enteric fermentation was carried out with a Tier 2 level of detail, according to the IPCC classification [26].



Regarding stable operations, within each livestock farm these have been modeled starting with electricity and diesel consumption in the preparation of feed (mixer wagon, silos, and mill), in the removal and handling of manure (scrapers, pumps, agitator, and separator), in the milking of cows, in the cleaning of facilities (boiler for hot water production) and in the refrigeration of milk awaiting delivery. With regard to the machinery used, for each of the operations cited the power (in kW or hp) was recorded, along with an estimate of the daily timetable of operations provided by the farmer. These data were used for the calculation of the electrical energy consumption of each operation per liter of milk produced.



The production of the technical washing products used in washing the equipment was also included. The modeling of the production of detergents was prepared by reconstructing the individual products, beginning with the concentration of the ingredients on the label, using the processes of production of the active ingredients, where possible. The products used for which it was not possible to determine the composition were assimilated to products that could be modeled that perform the same function.



The transport of technical materials was hypothesized as being carried out by medium-sized trucks (a fleet with an average capacity of 16–32 tons), while an average procurement distance of 50 km was assumed.




Manure management


The management of manure emissions resulting reared have been estimated in accordance with the indications of the PCR for Raw milk [25], following the methodology in the IPCC Guidelines [26], implementing the equations for the calculation of (direct and indirect) methane and nitrous oxide emissions.



Emissions from manure management are considered void in the event that the farm converges livestock waste within an anaerobic digestion plant, without significant storage. If the facility is owned by the farm, the chemicals used for the operation are considered; the production of which has been modeled by defining the concentration of the ingredients on the label and using the production processes of the active ingredients, where possible. The products used for which it was not possible to determine the composition were assimilated to products that can be modeled which perform the same function.



The transportation of the chemical products was hypothesized as being carried out on medium-sized trucks (a fleet with an average capacity of 16–32 tons), while an average procurement distance of 200 km was assumed.






2.2. Economic Sustainability


Economic viability was assessed by determining both fixed and variable, direct and indirect costs, with regard to all factors involved in the milk production process. In order to create more comparable results, the costs of capital supply arrangements and the cost of taxes are not considered in the analysis, given the high level of variability between farms that characterizes them.



Among revenues, the values of sales of milk and meat are accounted as the difference between revenues and the sum of the fixed and variable costs, net or gross of personnel costs; gross profit and operating income have been calculated.



All the economic indicators mentioned above refer to the financial year 2014, and are expressed in Euro/liter of milk.



More specifically, the analysis was divided into the following phases:

	
the classification of primary costs based on the physical nature of the direct factors used in the production process;



	
the allocation of the indirect costs in the milk production process; and



	
the determination of the net margin.








2.2.1. The Classification of Primary Costs Based on the Physical Nature of the Direct Factors Used in the Production Process


Direct costs are defined as those associated with the use of factors that are directly involved in the technical milk production process (machines, raw materials, labor, etc.), whether they are fixed or variable by nature [27]. Regarding fixed costs, those related to the use of fixed assets have been accounted for, and are represented by the depreciation associated with the usage of each fixed asset. Among the variable cost items, all costs associated with consumable production factors were taken into account. Specifically, the cost of fuels, lubricants, seeds, fertilizers, herbicides, water, electricity, feed, supplements, hygienic, sanitary, and veterinary equipment, and any other purchased consumable materials were considered. Apart from these, both fixed and adventitious labor expenses were accounted.




2.2.2. The Allocation of Indirect Costs to the Individual Production Process


The study also considered all cost items related to the use of indirect factors, namely those associated with the economic production process, but not with that of a technical nature [27]. More specifically, these costs also include those related to general expenses, consulting, administration, and all auxiliary and common cost centers that perform services of a subsidiary nature, and therefore are not directly involved in the technical processing cycle, but are nevertheless essential to the overall operation the farm.



The allocation criterion chosen was the percentage breakdown in proportion to the weight percentage of the value of milk to total revenues. This economic parameter was preferred to a technical criterion as, given that livestock activity is the phase most responsible for the creation of added value, it is therefore to be attributed a proportionally greater share of the indirect costs incurred by the farm.




2.2.3. The Determination of The Gross Saleable Production and Operating Income (Net of Interest and Taxes)


Revenue was calculated including the sale of the main product, milk, and various by-products, mainly consisting of meat. To ensure comparability between companies, EU funding was not accounted for. The operating income was calculated as the difference between total revenue, as defined above, and the sum of direct and indirect total costs.





2.3. The Relationship between Environmental and Economic Sustainability


The study of the relationships between the two dimensions of sustainability considered (economic and environmental) was conducted by means of a statistical analysis. While the studies in the literature on this topic considered very large samples [16,19], in both cases they made use of secondary data from databases. In [19] the assessment was based on the data contained in the Farm Accountancy Data Network (FADN) with regard to 119 Dutch companies for the year 2005. In the second case [16], the analysis examined a sample of 221 companies identified as part of the National Farm Survey (NFS) in Ireland. This data was used, with limited additions made by means of interviews, for the determination of the CF of milk and related economic indicators.



In this sense, even if the statistical analysis does not claim to provide indications that are significant and extensible to larger production contexts, given the limited size in the global sense of the sample (although it is representative of the milk sector in the Umbria Region), the analysis is however characterized by the punctual reliability of the data collected, derived from the very high level of detail that characterized the data collection process. Therefore, the results obtained in the present study may represent a further confirmation of trends already observed in larger investigative contexts [16,19].



The statistical analysis was organized in two phases: the first consisted in verifying the existence of a relationship between operating income, expressed in Euro/L, and the CF of milk, by calculating the Pearson correlation coefficient, following a positive verification of the assumption of applicability.



If a deteriorating environmental performance were accompanied by an improved economic performance, this would reveal the presence of a trade-off between the two aspects; on the other hand, if an improvement in environmental performance also corresponded with an improvement in profitability, this would qualify as a sustainable benefit [19].



The second phase of the analysis is based on the application of a linear regression model, in order to evaluate the relationship between the carbon footprint per kg of FPCM and operating income. In accordance with the purposes of the study, the CF of milk is the dependent variable on which the effects of possible changes in operating income are to be estimated, and is therefore to be considered as an explanatory variable.



In accordance with the claims declared by [16] regarding the nature of the relationship between net income and CF, the variables considered in this model are also linked by a non-linear type relationship, attributable to an exponential function as the following:


CFi = AeBROi



(1)




where

	
CFi = CF of the milk from the i-th dairy farm;



	
ROi = Operating income of the i-th dairy farm;



	
A, B = parameters of the model; and



	
e = Euler number








Through a logarithmic transformation [28], this can be expressed in the form of the following log-linear equation:


ln(CFi) = ln(A) + βROi + ɛi



(2)







By operating the following change in variables:


Y = ln(CFi)










α = ln(A)










β = B










X = ROi








the following is obtained:


Y = α + β X + ɛi



(3)







The parameters α and β of this model were determined by linear regression, based on the least squares method, and tested according to the procedures for checking the hypotheses and constructing confidence intervals. As a result of the logarithmic transformation, the regression coefficient β can be interpreted as follows: a unitary variation of RO is associated with a variation of 100·β% in the CF.





3. Results


3.1. Economic Performance


The economic results of the five farms considered and their relative values in terms of weighted average and standard deviation are reported in absolute value per liter of milk in Table 1.



Table 1. Revenues, expenses and operating incomes of the five farms (€/L of milk).







	
Variables

	
Farm 1

	
Farm 2

	
Farm 3

	
Farm 4

	
Farm 5

	
Weighted Average

	
Standard Deviation






	
Income

	

	

	

	

	

	

	




	
Income from Milk Sales

	
0.43

	
0.56

	
0.43

	
0.42

	
0.43

	
0.43

	
0.057




	
Income from Meat Sales

	
0.02

	
0.04

	
0.02

	
0.02

	
0.02

	
0.02

	
0.009




	
Total income

	
0.45

	
0.60

	
0.45

	
0.44

	
0.45

	
0.45

	
0.066




	
Variable costs

	

	

	

	

	

	

	




	
Animal feeds and concentrates costs

	
0.16

	
0.11

	
0.18

	
0.27

	
0.16

	
0.18

	
0.053




	
Fodder costs

	
0.08

	
0.03

	
0.07

	
0.02

	
0.06

	
0.06

	
0.023




	
Other direct costs

	
0.03

	
0.07

	
0.01

	
0.04

	
0.02

	
0.03

	
0.022




	
Fuels, lubricants and energy costs

	
0.018

	
0.03

	
0.045

	
0.06

	
0.025

	
0.03

	
0.015




	
Total variable costs

	
0.288

	
0.24

	
0.305

	
0.39

	
0.265

	
0.30

	
0.051




	
Fixed costs

	

	

	

	

	

	

	




	
Cost of labour

	
0.10

	
0.17

	
0.19

	
0.07

	
0.04

	
0.07

	
0.070




	
Fixed costs for facilities and machinery

	
0.002

	
0.01

	
0.015

	
0.01

	
0.005

	
0.01

	
0.005




	
Total fixed costs

	
0.102

	
0.18

	
0.205

	
0.08

	
0.045

	
0.08

	
0.074




	
Indirect costs

	

	

	

	

	

	

	




	
Administrative and management costs

	
0.07

	
0.04

	
0.06

	
0.04

	
0.04

	
0.05

	
0.013




	
Indirect costs

	
0.07

	
0.04

	
0.06

	
0.04

	
0.04

	
0.05

	
0.013




	
Total costs

	
0.46

	
0.46

	
0.57

	
0.51

	
0.35

	
0.42

	
0.086




	
Operating revenue

	
−0.01

	
0.14

	
−0.11

	
−0.07

	
0.09

	
0.03

	
0.096










In addition, the data reported in Table 2 highlight the different percentage weights of the various components of positive (revenues) and negative (costs) income.



Table 2. Main cost and revenue variables of the five farms (percentages).







	
Variables

	
Farm 1

	
Farm 2

	
Farm 3

	
Farm 4

	
Farm 5

	
Weighted Average

	
Standard Deviation






	
Income

	

	

	

	

	

	

	




	
Income from Milk Sales

	
95.6%

	
93.3%

	
95.6%

	
95.5%

	
95.6%

	
95.5%

	
1.0%




	
Income from Meat Sales

	
4.4%

	
6.7%

	
4.4%

	
4.5%

	
4.4%

	
4.6%

	
0.9%




	
Variable costs

	

	

	

	

	

	

	




	
Animal feeds and concentrates costs

	
34.8%

	
23.9%

	
31.6%

	
52.9%

	
45.7%

	
43.0%

	
11.6%




	
Fodder costs

	
17.4%

	
6.5%

	
12.3%

	
3.9%

	
17.1%

	
13.8%

	
6.0%




	
Other direct costs

	
6.5%

	
15.2%

	
1.8%

	
7.8%

	
5.7%

	
6.4%

	
4.5%




	
Fuels, lubricants and energy costs

	
3.9%

	
6.5%

	
7.9%

	
11.8%

	
7.1%

	
7.4%

	
2.5%




	
Total variable costs

	
62.6%

	
52.2%

	
53.5%

	
76.5%

	
75.7%

	
70.6%

	
12.3%




	
Fixed costs

	

	

	

	

	

	

	




	
Cost of labor

	
21.7%

	
37.0%

	
33.3%

	
13.7%

	
11.4%

	
16.6%

	
12.3%




	
Fixed costs for facilities and machinery

	
0.4%

	
2.2%

	
2.6%

	
2.0%

	
1.4%

	
1.4%

	
0.8%




	
Total fixed costs

	
22.2%

	
39.1%

	
36.0%

	
15.7%

	
12.9%

	
18.0%

	
12.8%




	
Administrative and management costs

	

	

	

	

	

	

	




	
Indirect costs

	
15.2%

	
8.7%

	
10.5%

	
7.8%

	
11.4%

	
11.3%

	
2.6%




	
Total indirect costs

	
15.2%

	
8.7%

	
10.5%

	
7.8%

	
11.4%

	
11.3%

	
2.6%










In terms of weighted average, the operating income amounted to 0.03 Euro per liter of milk, although the data reveal a strong level of variability among the farms examined, as evidenced by the high SD value of 0.09 Euro.



The main revenue item for all companies is of course the sale of milk, estimated on average at 0.43 Euro/L, and equivalent to 95.5% of total revenue. A much lower contribution to revenues is provided by the sale of meat by-products, equivalent 0.02 Euro/L in average unit terms, and 4.6% in percentage terms. Total revenue was determined from the sum of the two positive income components, which on average amounted to the value of 0.45 Euro/L. While there are almost equivalent revenue values among the five dairy farms, if an exception is made for the fourth case, where the higher unit sales price is justified by organic farming, the costs present an extremely wide range of variation, between the extremes of 0.35 Euro/L and 0.57 Euro/L, equivalent to 0.42 Euro/L in terms of weighted average (SD = 0.086). In this sense, the highest incidence is found in relation to the direct variable cost of 0.30 Euro/L of milk in terms of weighted average, corresponding to 70.6% of the total cost.



In this regard, the cost item that contributes to the greatest extent to these results, in accordance with the contents of Table 2, is the feeding of livestock, involving feed originating both within and outside the farm, which taken as a whole represents on average more 50% of the total cost. Within this, the costs associated with the purchase of feeds and concentrates are clearly predominant, with a value of 0.18 Euro/L in absolute terms, and 43% in relative terms. Expenditure on farm-produced fodder is more limited, averaging 0.06 Euros/L (13.8%). Less relevant, and, respectively, equivalent to 7.4% and 6.4% of the total cost, are the costs for fuel and energy and other variable direct costs.



In relation to the second category of costs, regarding the use of fixed direct factors, the main item of expenditure involves the use of hired labor, which in average terms contributes a unit cost of 0.07 Euro/L, equivalent to 16.6% of the total. Only 1.4% of the latter was attributable to fixed costs associated with the use of facilities and machinery.



Less significant, as they amount to 0.05 Euro/L in unit terms, are the costs involving indirect factors, essentially of an administrative and management nature, which stood on average at 11.3% of the total.



Considering the retail business, the data show poor economic performance in the production process in three out of five farms, as demonstrated by the operating income figures that are significantly negative in the Farm 3 and 4 and, to a lesser extent, in Farm 1. In all farms listed above, a state of imbalance is observed between costs and revenues, which are not capable of adequately remunerating the contribution of the different factors of production.



More specifically, in Farm 1, and much more significantly in Farm 3, the losses, amounting, respectively, to 0.01 Euro/L and 0.11 Euro/L, are due to the excessive impact of salaried labor costs, which are higher than the average: 0.02 Euro per liter in Farm 1 and 0.12 Euro in Farm 3.



Concerning Farm 4, the cost of externally purchased feed and concentrates contribute most to the negative level of operating income; these cost have an impact in terms of higher associated costs of 0.09 Euro/L, when compared with the weighted average value.



In this sense, management is more efficient in Farms 2 and 5, which achieve a profit, albeit to a limited extent. These findings are due to the higher selling price in the marketplace, thanks to organic branding, in the case of Farm 2. In Farm 5, the profit is linked to a higher level of competitiveness in terms of production costs.



In particular, the best economic performances achieved by the 5 dairy farms considered are linked to two key elements: larger scale production, which allows for the creation of positive economies of scale, and the higher degree of intensification of the production process, as evidenced by the higher values in terms of kg of concentrates per cow, which result in higher yields in liters of milk per cow.




3.2. Environmental Performance


Table 3 presents the results obtained for each dairy farm in terms of kg of CO2 eq per liter of milk produced, disaggregated into the four macro-processes of the supply chain: feed, animal breeding, milking and manure management. The animal breeding phase includes three processes:

	
Enteric fermentation of animals;



	
Consumption for animal feeding; and



	
Consumption for the management of the barn.








Table 3. Carbon Footprint of the five companies (kg CO2 eq/L of milk) for each phase of the production chain.







	
Farm

	
Feed

	
Animal Breeding

	
Milking

	
Manure Management

	
CF Milk




	
Feeding Consumption

	
Enteric Fermentation

	
Barn Consumption

	
Consumption

	
Storage Emissions






	
1

	
0.614

	
0.065

	
0.779

	
0.114

	
0.078

	
0.105

	
-

	
1.76




	
2

	
0.359

	
0.069

	
0.414

	
0.015

	
0.045

	
0.002

	
0.0002

	
0.90




	
3

	
0.599

	
0.006

	
0.668

	
0.024

	
0.14

	
0.034

	
0.0006

	
1.47




	
4

	
0.654

	
0.066

	
0.737

	
0.057

	
0.115

	
0.005

	
0.0007

	
1.63




	
5

	
0.419

	
0.046

	
0.479

	
0.018

	
0.023

	
0.019

	
-

	
1.00










The macro process of manure management includes consumption for storage operations and transport and eventual storage-related emissions.



The contribution of the enteric fermentation of cattle is the most serious, with values of between 45% and 57%, which confirms the assertions of scientific studies in the sector, as the methane emitted by animals effectively represents the main source of greenhouse gases from cattle farming.



This is followed by the impact of the production of feed, which includes the cultivation stage for self-produced feed and the production and transportation of purchased feed, which is responsible for 35%–46% of total emissions.



Consumption related to barn equipment and machinery for feeding the cattle does not make a particularly significant impact on total emissions (at most 8% of total emissions of the sector).



The manure management phase makes a maximum contribution of 6%, while milking and milk storage operations make a contribution to total emissions of between 3% and 10%, mainly attributable to consumption for the refrigeration of milk.




3.3. The Relationship between Environmental and Economic Sustainability


The economic sustainability indicator, represented by the operating income, and the indicator for the environment, consisting of the CF of milk, are strongly and negatively correlated (r = −0.779). Figure 2 displays this relationship for the five farms studied, represented by individual points in the graph.


Figure 2. The relationship between operating income (€/L of milk) and the carbon footprint of milk (kg CO2/L of milk). FPCM = fat and protein corrected milk standardized to 4% fat and 3.3% true protein per kilogram.
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The results confirm the existence of a negative relationship between the two variables considered: a decrease in the CF of milk is accompanied, in general terms, by an increase in operating income. More generally, an improvement in environmental performance is achieved alongside an increase in economic performance, as highlighted by the positive change in profitability levels, thus establishing a sustainable benefit. Limited to the farms considered by this study, the two goals, respectively, of environmental protection and an increase of farm income, do not therefore appear to be antithetical, but rather can be pursued simultaneously through strategies for the mitigation of the environmental impact that also allow, at the same time, for better management in economic terms.



As also underlined by Bates and Watts [28], the relationship between the dependent variable (representing the CF of milk) and the independent variable (consisting of operating income) is non-linear; specifically it is characterized by an approximated trend with an exponential equation, linearized by logarithmic transformation, the parameters of which have been estimated by the application of a linear regression model. In Table 4, the main parameters and testing aimed at, respectively, evaluating the adaptation and statistical significance of the model as a whole are summarized. In particular, the value assumed by the index (R2 = 0.668) indicates a good fitting of the data, demonstrating that the model is able to explain 66.8% of the total variability. Furthermore, the statistical significance of that fraction of explained variance is confirmed by the test F (F = 6.050, p < 0.10). The parameter estimated (Table 5) confirm the presence of a linear negative relationship between the dependent and independent variables, as had already emerged in the correlation analysis.



Table 4. Indicators of the evaluation of adaptation and test of the significance of the regression model.







	
R

	
R2

	
R2 Adapted

	
Standard Error

	
F






	
0.818

	
0.668

	
0.558

	
0.06190

	
6.050 *








* 10% significance level.








Table 5. Estimated parameters of the regression model.







	
Independent Variable

	
Coefficients

	
t test

	
Confidence Interval for B 90.0%




	
Lower Limit

	
Upper Limit






	
(Constant)

	
0.039

	
1.167

	

	




	
ln(CFi)

	
−2.919

	
−2.460 *

	
−0.448

	
−0.010








* 10% significance level.










4. Conclusions


The aim of this study was to measure environmental and economic performance, and the relationship between them, of five Umbrian dairy farms that are considered representative of the production context in the Umbria Region.



According with these objectives, social issues (like animal welfare, food quality, landscape quality or consumers perception) were not included in this study for data-constraint because considering these aspects in the analysis, it might point out a trade-off situation between the different dimension of sustainability [19,29].



For example, increasing annual milk production per cow could improve economic and environmental performance, but this strategy is sustainable as long as animal welfare is guaranteed. Social issues, therefore, should be included into a sustainability analysis [19].



With regard to the environmental aspect, the analysis demonstrates that the most serious impact in terms of CO2 eq per unit of product is due to the emissions of methane in the enteric fermentation of animals; these emissions are directly connected to the type of diet fed to cattle, and consumption related to the production of feed and fodder, either self-produced by the companies themselves or purchased from external suppliers. In order to improve these aspect in terms of sustainability, according to [16] and [29], among others, two key factors have to be considered in conventional livestock breeding: management of feeding practices and annual milk production per hectare and per cow.



According to [30,31,32], higher use of grain and fiber-based concentrate in animal feeding could reduce enteric CH4 emissions while improve milk production, thus decreasing the denominator of CF index relating to on-farm emissions. However, a larger use of concentrates enhance off-farm emissions per kilogram of FPCM, which worsens milk CF.



In this perspective, more suitable strategies for conventional dairy farm are suggested by [33]: on the one hand, animal feeding should make a larger use of forage instead of grain-based concentrates, so that grasslands that are not suitable for crop production are used for extensive animal grazing, whereas waste products of agri-food industries could be recycled and integrated into livestock feed. On the other hand, waste disposal and its valorization thorough renewable energy production technologies (in particular the anaerobic digestion of sewage) allow for not inconsiderable reductions in the Carbon Footprint relative to the liter of milk produced.



Appropriate emission mitigation strategies should therefore involve the agricultural phase, in terms of the types of foods used and the optimization of resources and agricultural techniques, as well as providing the use of by-products (manure and slurry), in both organic fertilizer and the production of electricity and heat energy through anaerobic digestion. GHG emissions, quantified in the present study through the estimation of the CF, do not constitute the only source of environmental impact associated with the production process examined. Milk production and its related activities are also responsible for phenomena such as the eutrophication and acidification of waters, as well as having serious repercussions on soil quality and the biodiversity of the areas involved.



Therefore, the environmental benefits may be optimized by using integrated farming systems that use the best farming technologies for reducing the environmental impacts while producing high yields. As pointed out in previous studies [34,35], higher environmental performance could be achieved thorough integrated farming systems that combine the best farming technologies from organic and conventional systems. In addition, the evaluation of economic performance has highlighted the presence of critical issues regarding levels of profitability; these critical issues are not only due to exogenous reasons relating to the performance of the world milk market, as a result of the abolition of the quota system, but are also induced by limited competitiveness, in terms of production costs, that are connected to the structural characteristics of regional production. In fact, the regional system, composed mainly of small- and medium-sized farms, is heavily penalized in comparison to the international competition, where greater economies of scale and more intensification of the production process allow for a higher level of economic efficiency. However, the adoption of a more efficient feed management could also reflect its positive benefits from an economic point of view: a larger use of self-product forage, to the detriment of concentrates, could in fact reduce direct farm costs. In this way, farms could improve their added value and their operating income, although this means a decrease in yield levels per cow and per hectare [16]. The approach proposed in this paper does not claim to provide an exhaustive and definitive investigative tool for the study of the relationship between the two dimensions of sustainability in question. In addition, the limited sample size does not allow the formulation, through the application of more complex models including other covariates, of more reliable hypotheses on the nature of the interdependent relationships that bind economic and environmental performance, and the factors that underpin them. However, this study, confirms the results of several previous studies [16,36,37,38,39] regarding the negative correlation between the CF of milk and economic performance indicators. In this perspective, no trade-off could be identified between this two goals, thus it is possible for the agricultural sector to improve its profitability while simultaneously reducing its impacts on climate change.



More generally, this analysis presents a detailed picture of the milk production sector in the Region of Umbria from an environmental and economic perspective. This framework is useful from two points of view: the first is that the entrepreneur, through the results presented in this paper, could view the main strengths and weaknesses in the management of the dairy farm and implement corrective strategies in both economic and environmental terms. The indicators calculated can provide the farmers a tool to measure their achievements in terms of sustainability. Moreover, the results of this study, identifying regional benchmark values in terms of emissions and the profitability of the dairy sector, allow comparisons between a farm’s performance in the economic and environmental aspects of their production. Moreover, as concluded by [39], these indicators could also inform policy makers about the health status and trends in the performances within regional diary sector, and could represent essential advice that could support policy-makers in the planning of future rural development strategies [40].
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	Common Agricultural Policy



	CF
	Carbon Footprint



	CO2 eq
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	Greenhouse gas emission
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	Life Cycle Assessment
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