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ABSTRACT

Worldwide, cheese is a major dairy food product with great nutritional value and organoleptic
characteristics. Over 20.4 million metric tons of cheese were produced worldwide in 2012 (80 thousand tons
in Portugal). This paper characterizes the production process and the energy consumption of traditional
cheese industry in Portugal (31 companies) and discusses the average specific energy consumption (SEC).
Data collection was conducted via survey to obtain information about the facilities, the production process,
guantities of raw materials, characteristics of cooling systems, and energy consumption. The average value
of this indicator for this sample was 0.152 kwWh/I.RM (handmade type) to 0.283 kwWh/I.RM (industrial type).
Electricity consumption is about 63% of the total energy consumption, mainly due to the energy supply of
the refrigeration systems. The potential of energy saving was estimated at 20.8% (handmade type) and
19.4% (industrial type).

1. INTRODUCTION

The dairy sector is of great importance in production activities at a worldwide level. Between 1970 and 2012,
milk production grew 64%, reaching a value of 790 million metric tons in 2012. The manufacture of cheese
assumes considerable importance with a weight of 27% within this sector. Between 2000 and 2012, the
world cheese production increased by 32%, reaching the value of 20.4 million metric tons in 2012
(Mikkelsen, 2014). In EU the trend is similar, with an increase of 21% in the same period and reaching a
production of 9.4 million metric tons at the end of 2012. Forecasts suggest that in 2020 the world production
of cheese reaches values close to 25 million metric tons (10.6 million metric tons only in Europe).

In Portugal, the dairy sector is the second largest sector of agro-food industries below to meat processing
industries. According to Afonso et al. (2012), in 2009, the sector involved 430 companies, 6840 jobs a
turnover of 1538 million euros. In 2012, production was 1868 million litres of milk (INE, 2014) and 80
thousand tons of cheese (GPP, 2014). According to the DGAV (2015) there are 398 cheese-making
industries from raw milk (mainly sheep and goat). The main products obtained are ripened cheese, fresh
cheese and cheesecurd. In the course of their activities, companies use electrical energy to drive cooling
systems, pumps, fans, compressed air systems and lighting and one or more types of fuel to burn in
combustion plants (boilers), for water heating or for steam production (cleaning operations or production
processes).

The increase of people in the major population centers as well as the need to provide food of good quality, in
good health and safety conditions, such as cheese, makes the supply chain more energy demanding,
especially on the refrigeration systems (Artés, 2004; Coulomb, 2008; James and James, 2010). These
refrigeration systems are referenced in the food industry as major consumers of energy due to the high
number of used systems and required refrigeration power (Ramirez, 2006; McFarland et al. 2007; Tassou et
al., 2010; Gaspar et al., 2014). Several studies conducted on this sector, point out that the high consumption
of electricity due to refrigeration systems (Gautherin et al., 2007; Ramirez, 2006; Silva et al., 2014).
Sometimes simple energy efficiency measures linked to improved operational practices and good
maintenance of the facilities, could help to reduce the energy consumption by 15% (Fritzson and Berntsson,
2005; Guilpart, 2009; Mirade, 2012). Some authors highlight the possibility of assessing the energy
performance of food industry, such as cheese making, through the use of benchmarking indicators as the
specific energy consumption (Reindl, 2005; Unido, 2010; Xu and Flapper, 2010; Nunes et al., 2014).
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The objectives of this study are to analyse the profile of electricity consumption of the traditional cheese
manufacturing industries, to determine the specific energy consumption indicators of these industries and
finally to study the potential energy savings.

2. CHEESE MANUFACTERING PROCESS

The production process of cheese from raw milk, involves a number of steps that are similar in all traditional
industries. However, there are industries that carry out all stages of the process using technology (traditional
industrial manufacturing process of cheese making), while others, still perform some of the steps by hand, in
particular, salting, pressing and washing the cheese (traditional handmade manufacturing process).

Figure 1 shows a typical diagram of the ripened cheese manufacturing process from raw milk performed by
most traditional industries of Portugal and the operations of the cheese making process, temperatures and the
times are indicated.
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Figure 1. Diagram of cheese manufacturing process.

During the maturation process, the cheeses are periodically washed. In general the manufacturing of the
ripened cheese has a duration between 30 to 45 days, depending on the company.

The main raw materials used for the cheese manufacture are the sheep and goat milk. The obtained products
are the sheep cheese, goat cheese, mixed cheese (sheep milk with goat milk). In addition to the ripened
cheese, certain industries also produce fresh cheese (pasteurized milk without maturation and with a short
lifespan) and cheese curd (resulting from whey heated to a temperature of 90 to 95°C, for 2 to 2.5 hours,
followed by filtration). The conservation of these two products is performed in cooling chambers at a
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temperature of 4 to 6°C and relative humidity of 85 to 90%. As can be seen in Figure 1, the manufacturing
process of these products requires a great use of cold and heat. In particular, refrigeration systems are used
during the cool down and preservation of milk and cheese products and also to perform the cheese
maturation operation.

3.  MATERIAL AND METHODS

3.1. Sample

The present study was conducted on a sample of 31 traditional cheese manufacturing industries located in the
interior region of central Portugal. The sample was divided into two categories: traditional industrial
producers (plants 1 to 13) and traditional handmade industries (plants 14 to 31).

3.2. Data collection

To perform the collection of information from the industrial facilities a wide inquiry was developed. This
inquiry consists of several sections, each to record specific information industry: general description,
quantities of raw materials, production quantities, energy consumption, refrigerating and freezing chambers
characteristics, environmental conditions, cooling systems characteristics and finally activity and production
process characteristics. The process of data collection was conducted in personal visits, during which the
facilities, equipment, technical operations and production processes were observed.

3.3. Database

A computer database with an Access application was created for registration of all information collected in
the industries. This database was also set to perform the analysis and processing of the data. It also allows us
to obtain several indicators of industry performance and simultaneously perform a comparative analysis
between various industries of this sector.

3.4. Equipment and measurement techniques

The environmental conditions inside and outside of refrigeration equipment were measured by a digital
equipment Testo 435-2 with a multifunction temperature and humidity probe with an accuracy of 0.3°C and
+ 2%, respectively. To measure the temperature of the surfaces we use the same equipment and a contact
probe with type K thermocouple, with an accuracy of £ 0.5°C. To evaluate the electrical power of
compressors a clamp meter Escort ECT-620 with an accuracy of 1.5% was used to measure the intensity of
the electric current and voltage input to the compressor motors. The values of the electrical power obtained
experimentally, were then compared with the estimated values by using software and catalogues of official
representatives of the brands, for the operating conditions, and we checked differences which were always
less than 10% of the total. Although energy consumption were quantified by analysing the monthly bills of
electricity supplier, the analysis of electricity consumption profile through the use of an energy analyser was
also performed, through the Elcontrol-Energy Explorer, with an accuracy of 0.5%, 1%, 2% and 2% for
voltage, current, electrical power and energy, respectively. The dimensional measurements of cold
(refrigeration and freezing chambers) equipment was performed using an infrared rangefinder, Bosch DLE-
40, with an accuracy of £ 1.5 mm.

4. RESULTS AND DISCUSSION

The traditional cheese manufacturing industries (handmade production) are smaller, much more similar to
each other, both in size and the equipment used. In turn, the traditional industrial cheese manufacturing
industries have a greater variation in their infrastructure, size and amount of equipment used in production
processes. Consequently the handmade industries presents a mean value of the purchased electrical power of
40 kW with a standard deviation of 28.9 and the industrial facilities presents the corresponding values of 210
kW and 151.3, respectively.

The cooling systems are used for cooling milk, cheese maturation, preservation of cheese products, brine
cooling and air conditioning of the manufacturing environment. In these industries we found 221 mechanical
compression refrigeration systems of direct expansion and 16 of indirect expansion with a secondary fluid.
Most compressors are semi-hermetic type (66%), followed by the hermetic (23%) and finally open type
(11%). In terms of lifespan, 50% of the compressors were over 20 years old, 34% were between 10 and 20
years, and only 12% were under 10 years. The condensers of the refrigeration systems are mostly pipes and
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fins heat exchangers, air-cooled by forced convection (99%) and only a small number are the evaporative
type (1%).

Table 1 presents the main results, in particular the raw material processed, the annual electricity consumption
and the total volume of cooling chambers. The average electrical energy consumption in the industrial
manufacturing industries has a value of 615.3 MWh well above of the average consumption of 75.6 MWh
found for the handmade industries. The thermal and electrical energy represent 38% and 62% of the total
energy consumption in the industrial manufacturing industries and the values for handmade industries are
36.5% and 63.5% respectively. This slight increase of the thermal energy consumption on the industrial
manufacturing industries is due to their larger size and also to the milk thermisation and pasteurization
operations for fresh cheese production.

Table 1. Results of the cheese manufacturing industries.

Electrical energy  Total Volume Total energy

Plants Raw Material Consumption of Cooling Consumption
(k1) Chambers (toe)

(KWh) (m3)
Plant 1 2664.5 672.6 3244.0 222.0
Plant 2 874.6 210.8 7515 78.5
2 Plant 3 1354.2 280.0 1288.4 79.9
E Plant 4 2020.0 488.2 1962.0 194.7
S Plants 2100.3 610.8 2332.0 259.0
S 2 Planté 813.3 430.6 1913.6 119.3
g § Plant 7 580.4 289.6 1168.7 101.3
= 2 Plant 8 11037.0 1406.8 3229.5 608.6
£ = Plant 9 545.9 177.6 868.9 57.3
2] Plant 10 16910.5 2218.0 4991.7 794.8
2 Plant 11 503.2 1345 426.6 45.4
Plant 12 1376.1 505.9 2052.0 180.1
Plant 13 2016.7 574.1 3278.0 198,0
Plant 14 244.3 72.2 531.4 18.9
Plant 15 587.5 46.1 210.0 16.3
Plant 16 4455 60.1 136.4 19.4
Plant 17 1378.2 187.8 13215 89.9
” Plant 18 513.6 81.2 465.5 30.9
2 Plant 19 84.4 17.4 94.0 5.1
= Plant 20 187.6 51.7 1125 18.7
2 Plant 21 141.3 18.0 125.3 5.6
© Plant 22 549.9 40.1 233.3 12.9
2 Plant 23 254.9 30.6 205.3 12.2
£ Plant 24 89.0 215 135.0 46
& Plant 25 753.5 78.8 4176 23.6
T Plant 26 329.2 67.3 307.0 285
Plant 27 355.9 54.9 214.1 18.1
Plant 28 678.8 84.9 299.9 41.9
Plant 29 106.5 10.8 144.0 3.27
Plant 30 1794.8 204.3 1575.6 81.9
Plant 31 2723.9 232.7 949.0 90.2

The electrical power consumption by refrigeration compressors is strongly correlated with the amount of
processed raw material as shown in figure 2. As can be seen, the electric power consumption increases with
increasing raw material, partly due to the power consumption achieved by refrigeration. However, this
increase is not uniform within the two categories which may indicate a less efficient use of energy by some
industries.
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Figure 2. Electrical energy consumption vs. raw material use: handmade industries (left) industrial
manufacturing industries (right).

As shown in Figure 3, the compressors electrical power tends to increase with increasing raw material to be
processed. This increase is most evident on the industrial manufacturing industries since other industries still
maintain some handmade operations such as the cheese salt process even with larger raw material
processing. Furthermore, as some industries have compressor electric power values lower than expected, this
may indicate that these industries operate on partial load or that their cooling systems are not well sized.
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Figure 3. Electrical power of refrigeration compressors vs. raw material use: handmade industries (left)
industrial manufacturing industries (right).

The total volume of the cooling chambers is closely related to the type of stowage used, the amount of raw
material processed and product permanence time inside. The results show that the industrial manufacturing
industries have an average of 8 cooling chambers with an average volume of 264 m®, while the traditional
handmade industries only have an average of 4 chambers with an average volume of 104 m®. According to
fieldwork information, 48% of the cooling chambers are built in polyurethane panels with thicknesses of 60
mm (42%), 80 mm (39%) and 100 mm (19%). The remaining cooling chambers 52%, are built with other
materials, with emphasis on the masonry and with thicknesses between 250 mm and 300 mm. The average
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ratio of the total electrical energy consumption by the total volume of the cooling chambers, presents values
of 270 kwh/m® for industrial manufacturing industries and 210 kwh/m® for handmade industries. However,
both categories display a high standard deviation showing that that these industries are using different
amounts of electrical energy per unit volume of the cooling chambers. There is also a wide variation in the
volume occupancy rate of the cooling chambers in both industries as shown in Figure 4.
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Figure 4. Chambers total volume vs. raw material use: handmade industries (left) industrial manufacturing
industries (right).

To perform the analysis of the energy performance of the different industries we consider the specific energy
consumption (SEC) calculated according to Eq. (1).

SEC = @
RM

Where, E is the electrical consumption on annual basis (kwh), RM the amount of raw material (I) on annual
basis, and SEC the specific energy consumption of electricity (kWh/I.RM). This indicator was used in many
scientific studies to analyze the evolution of energy efficiency in industries (ICAEN, 2010; Ramirez et al.,
2006, Wardrop, 1997). This indicator, provides information about the energy use per unit of production and
can be used to characterize the energy performance of industries through benchmarking analysis. The SEC
values are shown in Figure 5 to both categories and are within the range found in the literature for this type
of industry: between 0.039 and 0.448 kWh/I.RM (Canales and Vidal, 2005) and between 0.22 a 0.3
kWh/I.RM (IFC, 2007).



ICR 2015, August 16 - 22 - Yokohama, Japan

0.600 A SEC of industrial
0.550 manufacturing
0500 AL industries (kWh/I.RM)
g 0.450
@ 0.400 . SEC average of
= 0350 A industrial
< 0.300 5 ® ° manufacturing
< 0250 Az A ® Lndl;]s/tlries =0.283
O A Y Wh/I.RM
(L}J) 8%28 x ¢ ° ® SEC of handmade
: A A [ X ® industries (KWh/l.RM
0.100 . ;e ( )
0.050
0.000 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T 1
TNRILOERASTNT IVONIIR/TAIILLNERQISH  —SECaverageof
COCCCCCCC Canidid ot e b e b b e b e b b e ) e ) e 4 handmade industries =
CCOCMOOCMOCOCOOCCCCC ccccoccocccccoccccccccccCc
Ooononnononn SCET CC T T T CTTTTTTTTTTTC 0.152 kWh/I.RM
[aNaN NN NaNaNaNaNaNaNaNaNaNaNaNaNaNaNaNaNa N
Cheese manufacturing industries

Figure 5. Specific energy consumption of cheese manufacturing industries.

Since each category of industries, develop very similar activities, the difference of the SEC values, suggests
different ways in energy use. In this case this indicator can be used to assess the potential for energy savings
and also find out where they are carried out best practices that contribute to improve the energy efficiency of
industries. Figure 5 show that 5 companies of traditional industrial manufacture category and 7 companies of
traditional handmade category have specific value of electricity consumption SEC above their average
values. If we use the average SEC value as a reference value for each of the industries’ categories, and all
industries implement measures that will achieve the specific energy consumption, identical to the average
values in each category, we expect an electrical energy saving of 19.4% on the industrial manufacturing
industries and 20.8% on the handmade industries.

5. CONCLUSIONS

In this work we performed the energy characterization of traditional cheese making industries and quantified
the potential energy savings that could be achieved. The traditional cheese industry includes both the
industrial manufacturing companies and the handmade companies. We conclude that electrical energy
represent 62% of the total energy consumption for the industrial manufacturing industries and 63.5% in the
handmade industries. Within the traditional cheese making sector, well represented by our sample, the
industrial cheese manufacturing companies are the largest energy consumers and those that have higher
specific consumption of electrical energy with an average value of the SEC of 0.283 kWh/I.RM while the
handmade ones have a correspondent value of 0.152 kwWh/I.RM. These SEC values are within the range of
the benchmarking indicators found in the literature for this type of industry.
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