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ABSTRACT 10 

The environmental performance of a small-scale cheese factory sited in a NW 11 

Spanish region has been analysed by Life Cycle Assessment (LCA) as representative of 12 

numerous cheese traditional factories that are scattered through the European Union, 13 

especially in the southern countries. Inventory data were directly obtained from this 14 

facility corresponding to one-year operation, and the main subsystems involved in 15 

cheese production were included, i.e. raw materials, water, electricity, energy, cleaning 16 

products, packaging materials, transports, solid and liquid wastes and gas emissions. 17 

Results indicated that the environmental impacts derived from cheese making were 18 

mainly originated from raw milk production and the natural land transformation was the 19 

most affected of the considered categories. On the contrary, the manufacturing of 20 

packaging material and other non-dairy ingredients barely influenced on the total 21 

impact. Additionally, an average carbon footprint of the cheeses produced in the 22 

analysed facility has also been calculated, resulting milk production and pellet boiler 23 

emissions the most contributing subsystems. Furthermore, it was notable the positive 24 

environmental effect that entailed the direct use of whey as animal feed, which was 25 
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considered in this study as avoided fodder. Finally, a revision of published works 26 

regarding the environmental performance of cheese production worldwide was provided 27 

and compared to results found in the present work. According to the analysed data, it is 28 

clear that the content of fat and dry extract are determinant factors for the carbon 29 

footprint of cheeses, whereas the cheesemaking scale and the geographical area have a 30 

very low effect. 31 

 32 

Keywords: LCA, traditional, cheese, environmental impact, carbon footprint, Spain. 33 

 34 

1. INTRODUCTION 35 

 36 

The food sector is one of the most important manufacturing and economic 37 

sectors in Europe, however, it is also an important source of environmental impacts 38 

(González-García, 2013a). Certainly, the food and beverages sector is responsible for 39 

20-30% of the household environmental impacts in Europe (van Middelaar et al., 2011; 40 

Palmieri et al., 2017). The types of foods with the greatest burdens are meat products 41 

(beef, pork and poultry) and dairy products (cheese, milk and butter) (Notarnicola et al., 42 

2017). Dairy products constitute a significant source of daily nutrients for human 43 

consumption, and are highly recommended as part of a healthy and balanced diet. 44 

Nevertheless, their production has been associated with a great environmental impact 45 

(Palmieri et al., 2017). Within dairy products, nowadays cheese is experiencing an 46 

increasing demand and is the most consumed dairy product after drinking milk 47 

(González-García, 2013b; Röös et al., 2016; FAO, 2017). Concretely, the per-capita 48 

apparent consumption of cheese represents about 3% of the overall basket in the 49 

European Union (Notarnicola et al., 2017). Since fresh milk is a highly perishable 50 
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product with high transport cost associated, it is commonly processed in the region 51 

where it is produced (González-García, 2013a). In Europe, after local fresh-milk 52 

requirements have been met, cheese has traditionally been considered the preferred 53 

outlet for milk, being the European Union the largest producer of cheese in the world 54 

(Finnegan et al., 2017). In addition, every year, approximately 10 million tons of cheese 55 

are consumed in the EU. This means that, on average, each European yearly eats about 56 

14 kilos and it is expected that cheese consumption per capita in the European Union 57 

will increase to 16 kg by 2025 (Statista, 2018). 58 

Current patterns of food production and consumption are increasingly 59 

considered to be unsustainable in several ways. Lifecycle thinking and assessment, and 60 

their analytical power in assessing supply chains, have been recommended as reference 61 

methodologies for assessing the impacts derived from food production (Notarnicola et 62 

al., 2017). In fact, it has been demonstrated that life cycle assessment (LCA) is a 63 

convenient method for quantifying resource use and emissions in a wide range of 64 

primary and industrial sectors (Calderón et al., 2010; Laca et al., 2011; Iglesias et al., 65 

2012; Vázquez-Rowe et al., 2012; Calderón et al., 2018; Abín et al., 2018). Particularly, 66 

this environmental methodology has been widely applied for the evaluation of the 67 

environmental performance of different agro-food products, such as, fish, eggs and 68 

meat, paying special attention to the dairy sector (González-García et al., 2013a). In 69 

addition, lately carbon footprint has been used as a global measure of the production 70 

performance of different foodstuffs regarding the different domains of sustainability. 71 

Therefore, carbon footprint is a very effective tool from a communication point of view, 72 

although, as reported by Casolani et al. (2016), it is only part of the whole. 73 

The first LCA studies focused on cheese production appeared in 2000 and, since 74 

then to now, the number of them has been increasing. However, several authors claim 75 

https://www.statista.com/statistics/547588/cheese-consumption-volume-european-union-28/
https://www.statista.com/statistics/203542/projected-per-capita-cheese-consumption-in-the-eu-from-2010/
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that there is still a lack of information regarding different aspects of the environmental 76 

performance of cheese factories (Finnegan et al., 2017). In this context, it should be 77 

remark that very little information about the production of small-scale artisanal cheese 78 

has been reported. Indeed, to the best of our knowledge, only a few works has been 79 

published regarding this issue. Specifically, Vagnoni et al. (2017) analysed the 80 

production of Sardinian sheep milk cheese at industrial and semi-artisanal scale in Italy 81 

and found that the scale has no effect on GHG emissions in the studied case. In Brazil, 82 

Santos et al. (2017) analysed a small-sized dairy industry and Nigri et al. (2014) 83 

assessed the artisanal manufacturing processes of “Minas” cheese. The former author 84 

concluded that the artisanal production of “Minas” cheese exerted lower environmental 85 

impacts than the industrial process and highlighted the need of further studies on the 86 

analysis of the environmental impact of cheese production at different scales. 87 

Moreover, a considerable amount of cheese is produced in Europe, on both 88 

artisanal and factory scale, especially in southern Europe (Fox et al., 2017). Concretely, 89 

the quantity of artisan cheese producer has grown significantly (Bouma et al., 2014; 90 

Maye et al., 2016). Since 2012, FACE (Farmhouse and Artisan Cheese & Dairy 91 

Producers European Network) has been working to represent and defend the interests of 92 

European farmhouse and artisan cheesemakers. Actually, many cheese producers in 93 

Europe, are organized in small, family-owned and operated cheese factories. Spain 94 

occupies the seventh position in EU-28 in terms of the volume of cheese produced 95 

(EUROSTAT, 2015). There are few dairy multinational companies that account for the 96 

main production of industrial cheeses, however, in terms of the number of dairy 97 

factories, more than 85% have less than ten workers in Spain. Approximately, 70% of 98 

Spanish raw milk is produced in the North of Spain and, concretely Asturias is one of 99 

the regions with most tradition in manufacturing cheese, producing more than one 100 



5 

 

hundred varieties, many of them included in the Protected Designation of Origin (PDO) 101 

(MAPAMA, 2017). 102 

Cheese has been reported as one of the dairy products with higher environmental 103 

impacts and, although the dairy sector has been thoroughly analysed from a LCA 104 

perspective, and, as commented above, few environmental information is available 105 

about the manufacturing of artisanal cheeses. Indeed, still today, there is a lack of data 106 

regarding the environmental impacts associated with small- or large-scale cheese 107 

production. In addition, this is difficult to establish predictions since, it is expected that, 108 

on one hand, a larger scale entails saving on resources and, on the other hand, a smaller 109 

scale with less mechanised processes involves less requirements of energy (Iglesias et 110 

al., 2012; Santos et al. 2017). Consequently, the objective of this work has been to 111 

analyse the environmental performances of a small-scale cheese factory, which has been 112 

selected as representative of traditional cheese production in southern Europe. This 113 

factory is located in a Spanish region (Asturias), where the artisanal production of 114 

cheese has a strong traditional character. With this work it is expected to increase the 115 

knowledge about the environmental performance of small sized artisanal factories in 116 

southern Europe. Particularly, the results obtained here have been analysed and 117 

compared to other LCA-studies found in literature with the main aim to determine the 118 

possible effects of scale and degree of mechanisation, as well as cheese composition and 119 

geographical area, on the impacts derived from cheese production. Besides, the 120 

identification of the subsystems with major environmental impacts in the specific 121 

factory here analysed would permit to establish improvement actions, which could be 122 

extrapolated to other artisanal cheese factories with similar size and organization. 123 

 124 

2. MATERIALS AND METHODS 125 
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 126 

2.1 LCA 127 

2.1.1 Objectives and functional unit definition 128 

LCA methodology was employed with the aim to determine the environmental 129 

impact of a small-scale cheese factory sited in southern Europe. The functional unit 130 

chosen was 4770 kg of cheese, which is the amount of cheese produced in 2016. 131 

2.1.2 System description and boundaries 132 

The environmental assessment was carried out considering a “cradle to retail 133 

stores” perspective including the production of the main raw material and the 134 

management of wastes. The small factory selected as a case study for this work is 135 

located in northern Spain (Piloña, Asturias) and it produces mainly two different types 136 

of artisanal cheeses: “Franxón” Cheese (around 70% of production) and PDO “Casín” 137 

Cheese (approximately 30% of production). “Franxón” is a white mould cheese (similar 138 

to Camembert), which is made from pasteurized cow milk and matured for 15-20 days. 139 

“Casín” is a hard cheese obtained from raw cow milk and matured during 2 months, its 140 

texture is crumbly and dry and it possesses a characteristic odour and strong taste. 141 

“Franxón” and “Casín” are commercialised as whole cheese with weights of 270 g and 142 

250 g, respectively. They are wrapped in paper and, due to its soft texture, “Franxón” is 143 

also packaged inside a poplar wood box. Both types of chesses are sold within the same 144 

region where they are produced. A plan of the main facilities of the cheese factory is 145 

shown in Figure 1. 146 

2.1.3. Inventory analysis 147 

Data were mainly collected through personal interviews with the owner of the 148 

cheese factory. Regarding the raw milk production, the main ingredient of cheese, data 149 

were obtained from a previous work where the environmental performance of a typical 150 
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mid-sized farm (72 Holstein cows including heifers) sited in Asturias was analysed by 151 

LCA (Laca et al., 2018, unpublished results). The study included the whole life cycle 152 

involved in the production of the raw milk, i.e., farming of meadow grass silage and 153 

maize, transportation and production of raw materials (animal feed, cleaning products, 154 

bedding materials and drugs), consumption of energy and water, cow emissions (CO2, 155 

CH4 and NH3) and management of manure, purines and wastewater. Manure and 156 

purines were applied to the farming land and wastewaters were used to irrigate the fields 157 

and the crops of the farm. Emissions derived from this activity were calculated 158 

considering that 30% of nitrogen was emitted as ammonia. Cattle were fed fodder 159 

concentrate, alfalfa, hay, maize silage, meadow grass silage and pasture. The 160 

transportation of food materials that were bought was considered. Heifers born in the 161 

farm were employed for replacement, whereas bull calves and old and low-producing 162 

cows were sold for meat (considered as by-product). A summary of this system is 163 

shown in the upper part of Figure 2. 164 

At the cheese factory, minority ingredients, i.e., salt and CaCl2, employed to 165 

produce the cheese were also considered. However, other ingredients that amounted less 166 

than 0.02% of total, i.e., starters and rennet, were not included in this work. 167 

In relation to packaging materials, three different compounds were taken into 168 

account: paper, plastic bags (low density polyethylene) and poplar wood boxes. 169 

Heat energy was obtained from a biomass pellet boiler. The emissions of this 170 

boiler were included in the study considering that the calorific value of biomass pellets 171 

is approximately 4200 kcal/kg and that this kind of boilers usually have 90% of 172 

efficiency. The production of consumed pellets was also included as an input in the 173 

system. The other source of energy employed in the facility was electricity. 174 
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Regarding cleaning products, it only was taken into account the impact derived 175 

from producing the plastic containers and the active compounds included in the 176 

composition of the commercial products. The impacts derived from producing other 177 

materials, such as cellulose rolls gloves were also considered. 178 

The main waste originated from the cheesemaking process is whey. However, 179 

this whey is employed to feed pigs bred in a nearby farm. Hence, this waste was 180 

included in the inventory as pig fodder avoided. The correspondence between the whey 181 

used to feed the pigs and the avoided fodder was calculated on basis of their protein 182 

concentrations (9 g/L and 90 g/kg, respectively), so that 10 L of whey corresponded to 1 183 

kg of avoided fodder. 184 

The manufactured cheeses were transported to the retail stores by workers of the 185 

cheese factory employing a delivery van, whereas milk was transported by the suppliers 186 

and whey was transported by the owner of the pig farm. 187 

It was assumed that all consumed tap water was managed as wastewater and sent 188 

to an urban wastewater treatment plant. Packaging of raw materials were separately 189 

recycled, whereas organic wastes were disposed in a landfill as municipal solid wastes. 190 

Inventory data of cheese factory has been organized into the subsystems shown 191 

in Figure 2 and it is detailed in Table 1. 192 

2.1.4 Impact assessment 193 

Impact assessment of both phases, milk farming and cheese production, was 194 

performed with the LCA software package SimaPro v8, using the ReCiPe Midpoint (H) 195 

V1.12 / Europe Recipe H method. This method includes 18 impact category indicators 196 

(climate change, ozone depletion, terrestrial acidification, freshwater eutrophication, 197 

marine eutrophication, human toxicity, photochemical oxidant formation, particulate 198 

matter formation, terrestrial ecotoxicity, freshwater ecotoxicity, marine ecotoxicity, 199 
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ionising radiation, agricultural land occupation, urban land occupation, natural land 200 

transformation, water depletion, metal depletion and fossil depletion) to reach wide 201 

impact category coverage and follows the latest recommendations of the LCA 202 

community (Heinonen et al., 2016). The advantages of this method include (i) the 203 

broadest set of midpoint impact categories and (ii) the use of impact mechanisms that 204 

have global scope (Santos et al., 2017). 205 

 206 

2.2 Carbon Footprint 207 

The carbon footprint (CF) of the cheeses was calculated employing the 208 

Greenhouse Gas Protocol V1.01 / CO2 eq (kg) again by means of the LCA software 209 

package SimaPro v8. The system boundaries and inventory analysis are described in 210 

sections 2.1.2 and 2.1.3. This method was selected because it is the method employed 211 

by the Spanish Ministry of Agriculture and Fishing, Food and Environment for CF 212 

calculations of industrial facilities (MAPAMA, 2017). Three different scopes are 213 

considered: scope 1 that includes all direct GHG emissions, scope 2 that includes GHG 214 

indirect emissions from purchased electricity and scope 3 that includes all the indirect 215 

emissions not considered by scope 2. 216 

 217 

3. RESULTS AND DISCUSSION 218 

 219 

3.1. LCA assessment 220 

As can be seen in Figure 3, results obtained with the ReCiPe method revealed 221 

the production of raw milk as the factor with the highest environmental loads in all 222 

categories considered. Specifically, the milk subsystem is responsible of more than 75% 223 

of damaging impact for 8 of the 18 categories evaluated (climate change, terrestrial 224 
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acidification, freshwater eutrophication, marine eutrophication, particulate matter 225 

formation, terrestrial ecotoxicity, urban land occupation and natural land 226 

transformation). In addition, this subsystem is almost the unique contributor to 227 

terrestrial ecotoxicy and natural transformation meaning more than 99% of the 228 

damaging impact in these categories. 229 

The subsystems related with consumption of energy showed also a great 230 

influence on the categories considered. In fact, electricity contributes more than 40% to 231 

freshwater ecotoxicity, marine ecotoxicity and ionising radiation categories. Regarding 232 

this last category, it should be kept in mind that the use of radioactive material within 233 

nuclear reactors to generate electricity also generates additional ionising radiation and, 234 

nowadays, in Spain, nuclear energy is the second source of electricity (MINETUR, 235 

2017). With concerns to in situ heat energy production, the boiler emissions were 236 

responsible for more than 10% of the impact in 8 of the categories considered (human 237 

toxicity, photochemical oxidant formation, freshwater ecotoxicity, marine ecotoxicity, 238 

ionising radiation, agricultural land occupation, urban land occupation, and metal 239 

depletion). Additionally, transport exerted a noticeable influence on ozone depletion 240 

category (57%) and it meant more than 10% of impact in human toxicity, 241 

photochemical oxidant formation and fossil depletion categories. Other meaningful 242 

subsystems that can be observed in Figure 3, were the use of tap water on water 243 

depletion category (35%) and the production of the pellets that contributed to the impact 244 

of agricultural land occupation and urban land occupation categories in 7% and 5%, 245 

respectively. 246 

It is also worth to notice the favourable effect of the subsystem wastes on water 247 

depletion category (31%) due to the recycling of plastic containers and to the 248 

management of wastewater that, once treated, is returned to the environment. Moreover, 249 
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the use of whey to feed pigs exerted a beneficial effect on all the studied categories 250 

because of the consideration of this whey as fodder avoided. Specifically, this beneficial 251 

effect means 41% (with respect to the harmful impact) on urban land occupation, 21% 252 

on natural land transformation, 21% on terrestrial ecotoxicity and 15% on human 253 

toxicity. González-García et al. (2013b) analysed the environmental impact of a 254 

traditional Galician cheese production and pointed out that when whey was valorised, 255 

reductions of up to 15% were achieved in the harmful impacts. 256 

Despite to the fact that different methodological choices are employed by 257 

different authors, it should be highlighted that, results obtained in this work are in 258 

general in agreement with results obtained in previous studies. Hence, in all the works 259 

summarised in Table 2, raw milk production resulted to be the main contributor to the 260 

environmental impact derived from cheese production. González-García et al. (2013a) 261 

and González-García et al. (2013b) reported that contribution of raw milk production to 262 

environmental impacts of cheese elaboration was within the range 63-91%, whereas 263 

Santos et al. (2016) found that in a small-sized industry in Brazil the contribution of the 264 

production of the cheese at the dairy was lower than 29% and raw milk contributed 70-265 

98% to the impact categories. In the present work these values were between 21 and 266 

99%, depending on the impact category considered. Therefore, reducing the impact of 267 

milk production is the key parameter to decrease the ecological impact of cheese 268 

manufacture. 269 

The normalization phase allows comparing all environmental impacts using the 270 

same scale. According to the obtained outcomes, the most significant category, which 271 

showed the maximum deviation from the reference average, was natural land 272 

transformation. As above commented, the raw milk subsystem is responsible for almost 273 

all the harmful impact in this category, whereas the avoided product exerted a 274 
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favourable effect. Marine eutrophication, terrestrial ecotoxicity, freshwater ecotoxicity 275 

and marine ecotoxicity were also notable categories considering normalization results. 276 

Marine eutrophication and terrestrial ecotoxicity impacts were determined again by milk 277 

production, whereas, in addition to the milk subsystem, electricity exerted an important 278 

effect on freshwater and marine ecotoxicities. 279 

Finally, it should be remarked that, according with a previous study (Laca et al., 280 

2018, unpublished results), cow feed was responsible of nearly all the impact generated 281 

by milk production. Specifically, the impact in natural land transformation can be 282 

almost totally attributed to fodder production, mainly to the use of soybean as 283 

ingredient. It is clear that soybean cultivation is linked to serious environmental 284 

problems. This agrees with results reported in literature regarding the use of soy in 285 

animal feeding, since soy production is described as responsible of land use change and 286 

rainforest depletion, especially in South America (Leguizamón, 2014; Cesari et al., 287 

2017; Thrane et al., 2017). Moreover, soy used in Europe are partly or wholly produced 288 

overseas, concretely, soy is imported mainly from Brazil and Argentina, in which land 289 

may have been converted from forest (Leinonen et al., 2012). 290 

 291 

3.2. Carbon footprint 292 

An average value of 10.2 kg CO2 eq per kg of cheese was obtained from Green 293 

House Gas Protocol for the studied factory (calculated by considering all the CO2 294 

categories shown in Figure 4). It should be remark that this value includes 1, 2 and 3 295 

scopes. In detail, scope 1 (including only the emissions from the boiler and from the 296 

transport of the manufactured cheeses) meant 3.1 kg CO2 eq kg-1 cheese, whereas scope 297 

1+2 (including also electricity) signified 4.6 kg CO2 eq kg-1 cheese. The remaining 25% 298 

was due to indirect activities such as the production of raw materials. 299 
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The production of raw milk meant more than 70% of fossil CO2 eq emissions 300 

(mainly due to cow food production), whereas electricity contributed approximately 301 

17% to the total. Besides, the most part of biogenic CO2 eq was also originated by raw 302 

milk production (58%) (mainly due to cow emissions), followed by pellet boiler 303 

emissions (42%), and, again, milk is responsible for almost 100% of CO2 eq derived 304 

from land transformation. It should be highlighted the reduction in fossil CO2 emissions 305 

achieved by the fodder avoided by the use of whey for pig feeding. However, this 306 

beneficial effect was almost balanced by the reduction in CO2 uptake, since the use of 307 

whey for animal feeding avoids the raise of crops to be employed for livestock feeding. 308 

On the contrary, the production of raw milk contributed favourably to this category, 309 

which compensate biogenic emission of CO2 eq. 310 

 311 

3.3. Global overview and measures for environmental improvement 312 

It is evident that the specific characteristics of each process to produce a 313 

particular type of cheese are determinants for the derived environmental impacts. As 314 

can be seen in Table 2, the carbon footprint (CF) value resulting from the present study 315 

(10.2 kg CO2 eq kg-1) were within the range of values reported in literature for cow 316 

cheeses (4.2-16.9 kg CO2 eq kg−l). Moreover, it should be highlighted that this CF value 317 

was almost the same as that estimated by González-García et al. (2013b) for “San 318 

Simón da Costa” (a traditional Galician cheese, Spain) and it is also in the range 319 

reported for Cheddar in USA and Denmark (8.6-16.2 kg CO2 eq per kg) (Capper and 320 

Cady, 2012; Kim et al., 2013; Kristensen et al., 2015). All these cheeses (“Franxón”, 321 

“Casín”, “San Simón da Costa” and Cheddar) are considered as full-fat cheeses, i.e., 322 

their fat content (on a dry matter basis) is above or equal to 45% and less than 60%, 323 

according to the Codex General Standard for Cheese (FAO, 2017). Additionally, 324 
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Finnegan et al. (2017), who reviewed several LCA studies focused on the 325 

environmental impacts of different cheese types (fresh, mature and semi-hard) in the 326 

USA, Canada and Europe, concluded that fresh cheeses imply less environmental 327 

impact than semi-hard cheeses. Thus, it is obvious that environmental impacts vary in 328 

terms of cheese moisture and fat content, which is closely linked to the type of cheese, 329 

as it was reported by Djekic et al. (2014). 330 

The effect of several factors on the CF values reported in Table 2 are analysed in 331 

Figure 5 (only CF values corresponding to facilities where cheese was the main product 332 

were included). According to that above mentioned, a clear relation between carbon 333 

footprint and cheese composition can be observed, since CF value raises as the content 334 

of fat (FAT) and dry extract (DE) increases (see Figure 5A and Figure 5B, respectively). 335 

Furthermore, the CF values and the fat content of cheese can be related with a very 336 

good fitting by a lineal equation, obtaining the next empirical expression: 337 

CF = 0.2983xFAT+1.55  (R2=0.9488)  (Eq. 1) 338 

In a similar manner, the CF and the dry extract content data can be correlated by 339 

means of a polynomial equation, also with a considerably good fitting, obtaining the 340 

next empirical expression: 341 

CF = 0.0109xDE2-0.850xDE+23.5 (R2=0.9332)  (Eq. 2) 342 

In addition to the fact that the data fitting was better, the content of fat on dry 343 

basis is a more sensitive parameter than the dry matter content, thus, Eq. 1 is a better 344 

option to estimate the CF of cheeses from its fat content. 345 

In Figure 5C, a slight trend could be observed indicating lower CF values for 346 

bigger factories. However, it was impossible to find an equation that related CF and 347 

facility size thorough the amount of milk processed per year. Concerning this matter, 348 

there are very few works that analyse the effect of the scale on the impact derived from 349 
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cheese production. In this context, Vagnoni et al. (2017) compared the production of 350 

Sardinian sheep milk cheese at industrial scale and manufactured on-farm with a semi-351 

artisanal system and found that the CF of 1 kg of each cheese were similar, with an 352 

average value of 17 kg CO2 eq per kg of cheese. 353 

Regarding the effect of geographical area, it can be seen in Figure 5D that the 354 

average values of CF were similar in all cases, around 10 kg CO2 eq per kg of cheese. 355 

The widest range of CF values was found for USA-Canada, whereas in Northern and 356 

Southern Europe the variability was more similar. 357 

When sheep milk is employed instead of cow milk, the CF of the cheese is 358 

notably higher. Certainly, Vagnoni et al. (2017) obtained an average value of 17 kg CO2 359 

eq/kg cheese for Italian “Pecorino” cheese. This is due to the fact that the CF of raw 360 

sheep milk is quite higher (2.0-5.2 kg CO2 eq/kg milk) than the CF of raw cow milk 361 

(0.6-2.1 kg CO2 eq/kg milk), mainly due to the lower milk yield of sheep (Flysjö et al., 362 

2011; Weiss and Leip, 2012; Del Prado et al., 2013; Batalla et al., 2015). 363 

It is evident that the main actions to reduce environment impacts of cheese 364 

production should be focused on decreasing the impact of raw milk production. 365 

Therefore, the development of an adequate cattle feed formulation is a key aspect to 366 

lessen the milk production impact. For this purpose, different improvement actions 367 

could be carried out. For example, it has been previously reported the convenience of 368 

increasing pasture grazing and producing the crops employed for cattle feeding in the 369 

same farm that produces the milk. Concerning this matter, and according to O´Brien et 370 

al. (2015), increasing the length of the grazing season helps to reduce the carbon 371 

footprint enhancing at the same time the economic performance. Certainly, Weiss and 372 

Leip (2012) suggested that high productivity, low dependency of imported feed 373 

products and a high share of pasture in the animal feed diet are three main factors to 374 
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decrease derived environmental impacts. In the particular case studied here, the cheese 375 

factory was located in the green zone of Spain, which has a mild and humid climate. 376 

These climatic conditions are suitable to favour the local production of forages and 377 

pasture, thus, the actions described above are viable measurements that could be carried 378 

out to improve the environmental performance not only of the analysed factory, but also 379 

of those dairies placed on the green Europe. 380 

The cow breed is also an important factor to be considered with regards to the 381 

impact of milk production, concretely the production of milk from Jersey cows has been 382 

found to have lower environmental impacts compared to Holstein milk production 383 

(Capper and Cady, 2011; Kristensen et al., 2015). Besides, it should be highlighted that 384 

the sold of surplus calves and culled cows for meat production exerts a beneficial effect 385 

on the environmental impacts and contributes noticeably to the reduction of the carbon 386 

footprint value (on behalf of considering the meat as avoided product) (Hospido et al., 387 

2003; Iribarren et al., 2011; Laca et al., 2018, unpublished results). 388 

Additionally, some actions could be taken at the cheese factory to improve the 389 

environmental performance of cheesemaking. In this regard, the Reference Document 390 

on Best Available Techniques (BREF) in the food, drink and milk industries 391 

summarises the principal BAT (Best Available Techniques) for dairies and specific 392 

BAT for producing cheese (EIPPCB, 2017). Some of the techniques recommended 393 

specifically for this sector are the use of ultrafiltration, the reduction of fat and cheese 394 

fines in whey, the minimisation and re-use of the whey produced and the recovery of 395 

heat from warm streams. In the factory analysed in this work, the whey is already 396 

delivered for re-use, however, it can be considered the possibility of using ultrafiltration 397 

to treat the whey before being discharged in order to increase the cheese yield. 398 

Certainly, the yield of this cheesemaking factory is 0.107 kg of cheese per L of milk, 399 
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which means 91% of the theoretical maximum. Therefore, it can be expected that the 400 

recovery of casein fines, whey proteins and fat particles from the whey and they 401 

addition to the cheese drought could increase the yield in almost 10%. Additionally, 402 

increments in yield of about 8% by using ultrafiltration have been reported for hard 403 

cheeses (Pal, 2003). Taking into account that the implementation of an ultrafiltration 404 

system would allow an 8% increase in cheese yield, the reduction of the impact would 405 

be between 1.2 and 7.3%, depending on the considered category. With respect to the 406 

energy, a saving measure that could be taken is the use of the heat from the pasteurised 407 

milk to preheat the raw milk. However, even with an optimistic prevision that 408 

considered a 30% saving in the thermal energy (pellet boiler), the impact reduction 409 

would be between zero and 8.5%. A measure that could reduce significantly the impacts 410 

would be the replacement of the pellet boiler for a solar panel system. In addition to the 411 

elimination of the impacts derived from the subsystems “Pellets” and “Boiler 412 

emissions”, a 24% decrease in electricity consumption could be achieved (assuming 413 

saving of electricity similar to those that can be achieved in family homes). The results 414 

of this alternative scenario are shown in Figure 6. It is noticeable that the use of a solar 415 

panel system would exert a beneficial effect on all the impacts categories considered, 416 

with reductions lower than 1% for natural land transformation and terrestrial ecotoxicity 417 

and even around 30% for other categories, such as agricultural and urban land 418 

occupations, freshwater and marine ecotoxicities, metal depletion and ionising radiation. 419 

Another aspect that must be considered to understand the magnitude of the 420 

impacts derived from cheese making is the existence of multi-product systems, i.e., 421 

those facilities where not only cheese is produced, but also food-grade whey powder. In 422 

this scenario, the allocation of environmental burdens on both products (cheese and dry 423 
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whey co-product) usually decreases the environmental impacts associated with the 424 

cheese production (González-García et al., 2013a). 425 

 426 

4. CONCLUSIONS 427 

 428 

An artisanal small-scale cheese factory in Southern Europe has been 429 

environmentally assessed. The inventory data corresponding to the year 2016 have been 430 

thoroughly collected, an LCA analysis has been carried out and, in addition, the carbon 431 

footprint has also been calculated. The global warming potential (10.2 kg CO2 eq) 432 

resulting from the production of 1 kg of cheese in this geographical area was within the 433 

range of values reported for other full-fat cheeses (8.6-16.2 kg CO2 eq per kg). An 434 

analysis of published works carried out showed that the composition of cheese, i.e. fat 435 

and dry extract contents, is determinant for the CF value, and mathematical expressions 436 

were proposed for estimated the CF just by knowing one of these parameters. 437 

In addition, LCA results showed that, raw milk was the most relevant source of 438 

environmental impacts in all the categories under assessment. Concretely, the natural 439 

land transformation was the most notably affected of the studied categories. In 440 

particular, the production of food for cow feeding in the farm was the most impacting 441 

factor derived from milk production and therefore associated to cheese production. 442 

Electricity consumption at the cheese factory and boiler emissions also showed notable 443 

influence on the impact of some of the analysed categories, i.e., freshwater ecotoxicity, 444 

marine ecotoxicity and ionising radiation. 445 

Hence, and according to carbon footprint calculation and also LCA results, raw 446 

food would be the main subsystem to take into account in order to lessen the 447 

environmental impact of this factory. Thereof, the only action that can be carried out at 448 
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the cheese factory with respect to decrease the impact related with milk production 449 

would be to select milk suppliers with more environmental-friendly farms. 450 

Nevertheless, some aspects can be modified in the industrial phase to reduce 451 

environmental impacts of cheese factory such as yield improving and reducing energy 452 

consumption. In addition, in the system analysed, the carbon footprint is reduced in 1.7 453 

kg CO2 eq kg−l cheese on behalf of the use of whey to feed pigs. Thus, the employment 454 

of whey from small-sized factories as animal feed has been proved to be an interesting 455 

way to balance in some extent the harmful impacts derived from cheese production. 456 

 457 
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FIGURE CAPTIONS 

 

Figure 1. Scheme of the cheesemaking procedure. 

 

Figure 2. System boundaries. 

 

Figure 3. Characterization results obtained using ReCiPe Midpoint. 

 

Figure 4. Carbon footprint per kg of cheese obtained using Greenhouse Gas 

Protocol. 

 

Figure 5. Carbon footprint (CF) of cow milk cheeses reported in Table 2 vs. 

different factors: A) fat content, B) dry extract content, C) facility size and D) 

geographical area. Dotted lines denote lineal fitting in A), polynomial fitting in B) 

and dispersion area in C).  corresponds to the CF obtained in the present work 

and □ corresponds to the average of different CF reported in other works for the 

same type of cheese. In D) the average values are shown and also the minimum and 

maximum values (in brackets it is indicated the number of CF values considered in 

each case). 

 

Figure 6. Comparison between the environmental impacts derived from the 

production of cheese in the facility here analysed (dark bars) and those obtained 

for an alternative scenario that replaces the pellet boiler by a solar panel system 

(light bars). 
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