Chapter3

BESPRACTI CEREARRI GERATI ON
APPLI CATI ORRSOMGITENERGY
EFFI CI ENCY
THEPORTUGUEGABS BSTUDY

P. D. Silvd", P. D. Gaspat, L. P. Andradé,

J. Nuneg and C. Domingue$
University of Beira Interior, Portugal
2School of AgriculturePortugal

ABSTRACT

The food and drink industry is the largest and most dynamic manufacturing
sector of the European Union. With its 286,000 companies (mostly SMES)
and turnover share of 15%, it provides jobs for over 4 million people. There
is an acute need to replace eneirggnsive processes in this sector by new
efficient ones. The major energy consumption originates from heating,
cooling and drying processes, refrigeration, electrical drive systems,
among others. Refrigeration of food products can account more than 50%
of the energy consumption. This chapter identifies ensayng
opportunities (technological, organisational or behavioural) and describes
tailored energysaving measures. Best practices and measures for energy
efficiency improvement are disclosure, whioten be applied to
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infrastructures, cooling chambers, vapour compression refrigeration
systems, compressed air systems, steam generator/hot water systems,
among others. Additionally, the use of renewable energies and procedures
for analysis of the electrigi consumption and power management are
discussed. These best practices and energy conservation measures may
substantially improve the energy efficiency and competitiveness of
agrifood companies and will ultimately benefit the consumers and society
by redweing food price, food waste and carbon emissions.
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| NTRODUCTION

The current demand for energy has reached alarming proportions, severely
affecting the future sustainability of the pdinThis problem is caused by the
release to atmosphere of the greenhouse gases (GHGSs) likardhg others,
resulting from the conversion process of fossil fuels in usable energy (electrical
and thermal energy)To ensure the future sustainability ofetiplanet is
necessary reduce the GHGs emissions by saving energy. In this context, the
development of studies that allow the reduction or rationalization of energy
consumption is important (Garcia & Coelho, 2010). The importance of the
agrifood industry inthis context is related to its significance in business
development and to the continuous energy consumption by the cooling systems
to ensure food safety, making this sector one of the largest energy consumers.
In the European Community there are sevstadies and guidelines on energy
efficiency and sustainability, such as the Green Paper (EC, 2013). Additionally,
some European projects are aimed to provide new tools, concepts and solutions
for improving refrigeration technologies along the European famd chain
such as FRISBEE (Food Refrigeration Innovations for Safety, Consumers
Benefit, Environmental impact and Energy) project (Gogbal, 2013), the
Chill-on project (Ede® Colmer, 2010), aimed to promote the development of
devices capable to mivaring effectively the conditions of agrifood products in
the food supply chain and the IEE(Improving Cold Storage Equipment in
Europe) project (Evaret al, 2014a, 2014b), that provide information and tools
to cold room operators, designer and usirat allows the choice of energy
efficient equipment. The construction of tools based on mathematical models
allows the prediction and control of food quality and safety in the cold chain,
combining energy, environmental and economic aspects. This ndsy too
concepts and solutions provide improvements on the refrigeration technologies
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used along the European food cold chain. The scientific research has also
dedicated efforts to improve enefmglated problems in refrigeration systems

of agrifood companiesuch as the evaluation of energy consumption levels
barriers and benefits of implementing food security management systems,
development of ecefficiency indexes to qualify companies performance,
power management method in the sector, the results of cesefiiciency in
companies, local food retail chains as method of energy reduction, among many
others (Hennigssoet al, 2004; Maximeet al, 2006; Mulleret al, 2007;
Karaman et al, 2012; Mundler & Rumpus, 2012). Also, through the
guantification of inéxes related to the level of GHGs emissions applied to
agrifood industries is possible to qualify companies according to their emissions
performance. The amount of emissions determined in this work only represents
a portion of total emissions during thielcycle of food products.€.,extraction

of raw materials, production, transportation and storage until consumption)
(Plassmanet al, 2010). The life cycle analysis of a food product is an important
aspect because increases its commercial valuesaaccieptance in the markets

of developed countries (Ruviamt al, 2012). In Portugal, the Portuguese
Federation of Agrifood Industries (PFAI) is engaged in strategies, rules and
various types of investments that promote the sector development. The
InovErergy project is the most relevant Portuguese project in this context,
aimed to evaluate and promote energy efficiency measures applicable to the
Portuguese agrifood industry, through the identification of energy consumption
profiles of the greatest numbef data sets collected to date in Portuguese
agrifood companies (Nunesal, 2011; Santost al, 2013; Campost al, 2013;
Nuneset al, 2014 Nuneset al, 2015, Nunest al, 2016. The work developed

and presented in this chapter is part of thisject results. This chapter
charcterizes the energy consumption of agrifood industries located in the
central region of Portugal, analysing the total energy consumption (TEC), the
type of energy used, the cold room volume and the specific total energy
consumption (SEC) on six food sectbraeat, dairy, horticultural, distribution,

fish and wine sectorsas well as performing the comparison between the
industries of each sector. It aims, after a detailed energy analysis of the surveyed
companies, to ideifiy practice measures necessary to correct unfavourable
practices and inefficiencies, in order to improve the energy efficiency in
agrifood industry.
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THE PORTUGUESE AGRIFOOD |NDUSTRY

The Portuguese industry is mainly constituted by small and medium
enteprises. In 2011, it number was around 1.112.000, providing employment to
about 78.5% of the Portuguese population (IAPMEI, 2014; Sangagd,
2012). A large part of these industries is included in the agrifood sector. The
agrifood industry is the indtrial sector that most contributes to the Portuguese
economy (14 billion euros), representing nearly twice the volume of the second
industrial sector, the metallurgical. It is also the industry that invests most in
Portugal, and the second industrial sedttat generates more employment
(about 16%). This sector is crucial to the growth strategy of the country, with
direct contribution to exports increase. This sector has the capacity to ensure
food seltsufficiency and still is one of the greatest potériie growth in
production levels and turnover compared with European counterparts (Deloitte,
2012). Currently, the agrifood industry represents 20% of the Portuguese
manufacturing industry. After the accession of Portugal to the European Union,
the constuction of the single market in 1993 forced the agrifood industry to an
effort to harmonize rules of handling, manufacturing and displaying, namely the
rules for labelling, hygiene, safety and additives. The relationships between
industry and production arzktween industry and universitieave driven the
development of a more competitive international industry.

Meat Sector

Consumer preference regarding the use of meat in their diet has grown in
recent years. Between 1980 and 2005, the annual worldgaveer capita
consumption increased by 37.3%, with a peak in 2005 of 41.2 kg/capita/year
(FAO, 2011). Consequently, the global production of meat has also increased
and is expected to reach, in 2050, 470 million tonnes, more than the double of
the 229 millon tonnes verified in 1999/2001 (Niget al, 2010). Currently,
meat product industries play a major role in many global economies and, in
many countries, it is the industry with a higher economic weight within the food
industries. The types of meat mpsbduced and consumed, both at international
and national level are, beef, pig and poultry.
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ProductionProcess

The production process of different types of meat is identical, except for
poultry. In the specific case of poultry, the production processdras stages
that make it different.

The meat production process is composed of two fundamental processes: a
slaughter line (production of raw meat), and the processing line of the
manufacture of meat or meat products (production of ham, sausage, among
others).

The preparation process of raw meat and meat products (from slaughter to
storage and conservation in cold) requires several external resources, such as
water, thermal and electrical energy. Hierage and/or transport of meatits
derivatives, alg involves the consumption of great quantities of energy
primarily used for ensuring the conservation and maintenance of the
organoleptic properties of the food. Thus, the entire process of production of
meat and meat products involves the use of largeiate@f energy.

Meat Production

Table 1 shows the evolution of the production of different types of meat
(beef cattle, pig and poultry) between 2009 and 2012 in Portugal, Europe and
worldwide (FAOSTAT, 2014). Overall, the global demand for meat is grqwing
but at different rates in different regions. In Europe and the USA, the biggest
meat producers in the 20th century, consumption is growing slowly. On the
other hand, the fast growing economies in Asia such as China and India will
show 80% increase in tmeeat sector by 2022 (HBIFEE, 2014).

Table 1. Evolution of the meat production (million tonnes) between 2009
and 2012, inPortugal, Europe and worldwide

Region Meat type 2009 2012
Beef 0.1 0.1
Portugal Pig 04 0.4
Poultry 0.3 0.0
Beef 7.9 7.7
Europe Pig 22.2 22.7
Poultry 11.8 12.6
Beef 63.0 63.3
Worldwide Pig 104.7 109.1
Poultry 95.1 105.6
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Figure 1. Evolution of the meat production in Portugal between 2009 and 2012.

The analysis of Table 1 allows concluding that there was a dednethse
production of beef and pig in Portugal and in Europe between 2009 and 2012.
On the other hand, there was an increase in poultry meat production. Globally,
the production of all types of meat increased during this period, having the
production of poliry meat registered the most significant increase.

Figure 1 shows the trend of consumption of different types of meat in
Portugal between the 2009 and 2012 (FAOSTAT, 2014).

In Portugal, the beef is less produced, followed by poultry and pig. The
latter isthe most widely produced. Between 2009 and 2012, the beef production
in Portugal decreased slightly, as the pig meat production. By contrast, the
poultry has increased slightly during the same period.

Meat Consumption

Despite the beef and pork productionPortugal has slightly decreased in
recent years, Portugal still has a meat consumption rate per capita higher than
the European and world average (FAOSTAT, 2014), as shown in Figure 2.
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Figure 2. 2009 meat consumption per capita in Portugal, Eurapadwide.

The analysis of Figure 2 provides the following conclusions:

1 The most consumed type of meat is pork, followed by poultry and
finally the beef. This distribution of consumption is verified in the three
geographical areas analysed (Portugalpferand World);

1 The per capita consumption of the three types of meat (beef, pig and
poultry) is highest in Portugal, well above the average consumption
determined in Europe and worldwide;

1 The meat consumption in Portugal is twice the worldwide consumption
for all types of meat.

PortugueseMeat Industry

In Portugal, the meat industry follows this trend, being composed in 2009,
by a set of 619 licensed industries (INE, 2011) and having achieved a sales
volume of 21.3% considering the 8267 million euros ioleth by food industry
sectors (INE, 2010). The growth of this sector has been promoted by the increase
of sausage production. In 2009, these products represent 24.5% of the 279265.9
tonnes of meat products production, with a strong contribution from the ha
industry, which in this year increased 9.3%, compared to the previous year (INE,
2010). This evolution follows the trend of many European countries, with
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particular emphasis on the Mediterranean ones due to their long tradition in the
manufacture of megiroducts (Wilcoclet al, 2004; Réhet al, 2006).

The production of sausages and ham in Portugal is mainly industrial,
although based on traditional elaboration processes. Changes introduced in the
process of traditional elaboration relate mainly to thechanization of
processes and the use of drying and/or smoking mechanisms with temperature
and humidity control. Thus, it enables a continuous production throughout the
year, without the influence of climatic conditions, allowing its maturation to
take pace in any geographic area.

Refrigeration systems are indispensable within the production processes of
the meat industry in order to prevent changes in meat composition, bacteria
action and development of microorganisms and to obtain the stabilization and
the organoleptic characteristics of the products (Savell & Mueller, 2005). The
use of refrigeration systems is primarily responsible for the electricity
consumption in these industries and may represent 60% to 90% of electricity
use in slaughterhousesGF2003; Marlow & Colley, 2007) and 40% to 50% for
other categories of meat processing industries (Raraefra 2006; Alcazar
Ortegaet al, 2012). Furthermore, it should be noted that electricity costs may
correspond to twahirds of the total energyosts in meat processing industries
(HTC, 2009). In Portugal, there is a similar trend in the food sector, with an
increase of 14% of electricity consumption, between 2008 and 2010, having
achieved 1599 GWh in 2010 (DGEG, 2011). This increase in energy
consumption is due to an increase in fuel prices (in Portugal, between 2007 and
2011, the price of electricity and natural gas increased by 24% and 14.4%,
respectively), having a significant impact on the competitiveness and
sustainability of Portuguese mentlustries. In order to mitigate the effects of
the rising cost of energy, programs are being implemented to improve energy
efficiency in various sectors of economic activity, with special emphasis on the
Portuguese industrial sector. However, these pragrara directed towards
facilities of intensive energy consumption, being those that present an annual
consumption of primary energy exceeding 500 toe (tonne of oil equivalent),
leaving out more than 90% of food industries, with those being represented by
micro and small enterprises.

Meat Productionin Slaughterhouses
The typical process of bovine, swine, sheep and goat slaugtertirgal
comprises essentially the following operations: reception, -rantéem
i nspection, ani mal 6 soffalsdeaningy lpdstearten car casses an
inspection, cooling, cutting, processing and dispatch. For each animal species
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there is a specific circuit where carcasses are moved through air rails into fast
cooling tunnels and refrigeration or freezing chambers.

Rapid coalhg is the most used method in Portuguese industries and takes
place in two complementary steps (Bowater, 2001). The first, consists of rapidly
lowering the initial temperature of 38°C/40°C to a temperature around 15°C to
20°C. The second step, relate§to nal st abili zation of the meatd
a value below 7°C in the centre of the meat. The first step takes place in a rapid
cooling tunnel or in a cold room with strong air circulation. In both cases the
temperature and relative air humidity insitles betweenr1°C to 2°C and 82%
to 90%, during approximately 4 hours for bovine carcasses and 2 hours for pigs
and sheep. The second step takes place inside cold storage chambers with lower
air circulation and with environmental conditions similar t@si above.
Freezing meat is a procedure carried out, most of the times, with prior
refrigeration and is held in freezing chambers or tunnels with temperature and
relative humidity values betweeR8°C to -40°C and 85% to 95%, respectively.
Although freeziig is not frequent in Portuguese slaughterhouses, when it occurs,
it requires the control of the relative humidity inside the chamber in order to
avoid weight loss of the product. The final product is kept in cold storage
chambers (temperature betwedAC to 2°C) or freezing (temperature dif8
°C), and may thereafter go to the cutting room (only the refrigerated product) or
be dispatched.

Traditional Sausage Productioin Sausage Houses

In Portugal there is a great diversity of traditional sausages, gedduth
different raw materials and ingredients, but they all have the production process
in common. The manufacturing process of sausages in Portugal comprises the
following steps: receipt of raw material, preserving the meat in a
refrigerator/freezer, hwosing, cutting, spiciness and dough preparation,
maturing, filling and drying, stabilization and final packaging and shipping.
Cutting operations, mixing and filling are held in-aimditioned rooms with a
temperature of 12°C maximum. In the maturafpbrase the mixture of meats
with its condiments is kept in cold storage chambers, with temperatures between
1°Cand 6C and a relative humidity of 80% to 85%, from 24 to 48 hours. The
drying process of sausages is accomplished by controlled atmosphereodrying
drying through smoke. Controlled air drying consists of placing sausages in
chambers with temperature and humidity control. The duration varies according
to the dimensions of the products, typically between 5 to 15 days for thin
products and 30 to 6Ggls for thicker products (Arnaat al, 2007). In Portugal,
the final product presents a level of relative humidity between 30% and 40%.
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When drying with smoke, products are exposed, during 3 to 5 days, to the action
of heat and smoke resulting from comiiws of wood (oak, in Portugal). In both
cases, after drying, sausages are placed in a cold room for final stabilization.

Ham Manufacturing in the Meat Processing Industries

Ham is a product obtained artificially in cold rooms from the ageing of the
hind legs of white pigs during an approximately period 6 months. The
production process consists of a set of operations with different values of
temperature, relative humidity and air circulation. The main stages of the
production process, include salting, psalting, drying and stuffing. Salting is
intended to provide the proper amount of salt to the legs, keeping them involved
in salt from 8 to 12 days. This phase takes place inside the cold storage chambers
with high humidity and low temperature (Arnaud., 2007). In the post salting
phase, the salt diffusion towards the inner part of the leg takes place from 30 to
45 days. At this stage the legs remain inside the cold storage chambers to ensure
low air temperature and high humidity (6°C and 85% reldtimidity). In the
next phase, the dehydration of the leg takes place slowly during a period of time
of approximately 45 days. The temperature in the cold room is gradually
increased until it reaches a value close to 14°C, and at the same time its relative
humidity is lowered slowly until it reaches approximately 75%. Stuffing finishes
the drying process and assigns special organoleptic characteristics of the ham
for a minimum period of 15 days. In this phase, the temperature inside the
chamber gradually imeases up to a maximum value (about 26°C in Portuguese
industries) and the relative humidity is kept close to 75%. After finishing the
manufacturing process, hams are kept inside cold storage chambers for final
stabilization during a minimum period of @ays.

Fruit and Vegetables Sector

Fruits and vegetables (horticultural products) make part of the set of
agricultural products. By definition, an agricultural product come from
cultivating the land to obtain useful plants for consumpfidre horticultural
products have an active metabolic state even after the harvest, leading to its
rapid degradation. As these products are used in human food supply, it is
essential to extend their quality and safety, namely perishableness and freshness
appearace. These products become highly perishable due to their
morphological, anatomical, physiological and chemical compositian.
addition to being the most consumed foods in the world, horticultural products
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are also widely used as raw materials in varfood industries (wine, olive oll,

juice and frozen)As the horticultural products are generally eaten raw, there
are very stringent preventive food safety rules, both in the production process
and postharvest handling process.

In developed countries, tistribution of horticultural products is very fast,
which are replenished daily in large shopping centers. These products have to
travel long distances between their place of production and final retail. On the
other hand, in underdeveloped countriesppbe feeding is supported by
agriculture. In this case, the distance travelled by the horticultural product is
very short. In both types of countries, the horticultural products are consumed
in large scale of integrating the human food chiaigure 3 show the evolution
of horticultural production in the world, in Europe and in Portugal, between
2009 and 2012 (FAOSTAT, 2014). For clarity, tix@axis is formatted in
logarithmic scale.

It can be stated from the analysis of Figure 3 that:

10000

4123 4288

1000 638

579

Annual horticultural products production (logl0{million tonnes))

Portugal Europe World Portugal Europe World

2009 2012
Region

Figure 3. Evolutn of horticultural production in the world, in Europe and in Portugal,
between 2009 and 2012.
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1 The production of fruit and vegetables in the world increased by about
4%, between 2009 and 2012, being the growth of the world population
identified as the dving factor;

1 However, the production of fruit and vegetables in Europe decreased
by about 10% between 2009 and 2012. This decrease is probably due
to the economic crisis scenario;

9 The production of fruit and vegetables in Portugal is very low compared
to the World and European production. However, the production of
fruit and vegetables in Portugal increased about 1% between 2009 and
2012;

1 In 2012, the European continent produced about 13.5% of all fruit and
vegetables produced in the world. In turn, Paatygoduced about 1%
of total horticultural produced in Europe.

Fruits Sector
The fruit is a structure present in all angiosperm plant species used to protect
the seeds as they mature. The fruits make part of the human diet due to their
nutritional context. The fruits more produced in the world are bananas (100
million tonnes), apples (71 million tonnes) and grapes (68 million tonnes).
1000
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100
72 64

Annual fruits production (logl0(million tonnes))

.
2

(5

Portugal Europe World Portugal Europe World

2009 2012
Region

Figure 4. Fruits production in the world, in Europe and in Portugal, in 2009 and 2012.
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Figure 5. Annuapercapita consumption of fruits in the world, Europe and Portugal,
for the year 2009.

Figure 4 shows the values of fruit production in the world, in Europe and in
Portugal, in 2009 and 2012 (FAOSTAT, 2014).

The fruit production has been increasing witle tears, following the
growth of the world population. Figure 5 shows the annualcapita
consumption of fruits in the world, Europe and Portugal, for the year 2009
(FAOSTAT, 2014).

Portugal has an annual peapita fruit consumption figure well abotlee
World and Europe. It is believed that the worldwide fruit consumption value per
capita is lower due to the low living standard of underdeveloped countries as
well as to the difference in eating habits in the various regions.

VegetablesSector

Vegetabés is the term used to characterize the botanical living organisms
belonging to the Plantae Kingdom. It is often used as an adjective to other
structures and concepts related plants (plant cells, plant organs, etc.).

Fresh vegetables (249 million tonne®matoes (154 million tonnes) and
watermelons (99 million tonnes) are the vegetables most produced in the world.

It also must be noted that vegetables sector also includes plants such as
bamboo, sugar beet, capers, thistles, cress, fennel, horseraditdy, padish,
turnips, soybeans, among others.
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Figure 6. Vegetable production in the world, in Europe and in Portugal, in 2009 and
2012.

Figure 6 shows the vegetable production values in the world, in Europe and
in Portugal, in 2009 and 2012 (FAOSTAT,12).

The production of vegetables increased worldwide between 2009 and 2012.
In 2009, the fresh vegetables represented 24.4% of horticultural products
produced worldwide. The largest vegetable producers are Asian countries,
particularly China, Japan anddia.

Figure 7 shows the annual pmapita consumption of vegetables in the
world, Europe and Portugal, for the year 2009 (FAOSTAT, 2014).

Portugal has a perapita vegetables consumption value higher than the
World and European average values. These sedathonstrate the good eating
habits practiced in Portugal, which features a fruits and vegetables consumption
higher than the European and World average. This discrepancy between average
consumption pecapita values may be due to cultural differencesvéen
countries. According to Oxfam, Portugal is the 8th country in the world where
you eat better, in quality and quantity (Green Savers, 2014).

The consumption per capita varies from region to region of the world due
to the eating habits and living standiaf each country. Therefore, in order to
be able to compare the per capita consumption of each sector of horticultural
products in the various regions is shown in Figure 8 (FAOSTAT, 2014).



Best Practices in Refrigeration Applicatioihs 15

200

187.2

131.8

1223

100

50

Annual per capita vegetables consumption (kg/inhabitant)

Portugal Europe World
Region

Figure 7. Annual pecapita consumption of vegetables in theldioEurope and
Portugal, for the year 2009.

The consumption of different horticultural products varies from region to
region according to the results shown in Figure 8. At World and European level,
the highest pecapita consumption occurs in sectorogfreals, followed by
vegetables and fruits. However, the distribution ofgagita consumption in
Portugal is different. There, the highest share ofcppita consumption in the
horticultural sector belongs to the vegetables, followed by cereals andtfrui
may also be noted that the fruit sector has the lowesigmta consumption in
all regions.
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Figure 8. Annual pecapita consumption of horticultural products in the world, Europe
and Portugal, for the year 2009.
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PortugueseHorticultural Industry

In 2012 we obtained a production of 730,469 tons of fruit, 445,649 tons of
potatoes and 840,744 tons of vegetables. This year this industry had a turnover
of more than 2 billion euroddNE, 2013).

Most fruits and vegetables are produced seasonally aaadhighly
perishable, so have a very limited life time for commercialization. Fruits and
vegetables, being living organisms, even after harvesting, must remain alive and
in good condition until processing or consumption (Fraser, 1998). Alvaro (2001)
and Hho (2008) reported that respiration is the biological process that translates
how living organisms convert their reserves into energy with the subsequent
release of heat, CGCand water vapour, and it has a major influence on the
conservation process ofdse products. According Guerra (1996), the
respiration rate of these products decreases by half for egClofli@mperature
reduction.

The perspiration is another biological phenomenon of great relevance in the
process of conservation of fruits and vedpes (Alvaro, 2001; Chau, 1992).
Inadequate handling of products in practice can promote mechanical damage
and stimulate weight |l oss and increased expos
Exposure of the product to a marked difference in vapour pressurgtitragid
reduction of the product temperature to which it supports, as well as the use of
low relative humidities and exposure of the product to unnecessary movements
of air are harmful to the quality of products (L6pez & Rodriguez, 2000).

To minimize theeffects of the above factors and prolong the conservation
time of fruit and vegetable, refrigeration is used as one of the major techniques
in conjunction with the use of controlled atmospheres (Parikh, 1990). According
Lopez & Rodriguez (2000), MarvillgR001) and Rossetdt al. (2002) rapid
temperature decrease of the crop, avoids many of the aforementioned problems
associated with the pebkarvest period. The immediate application of cold
allows to reduce the loss of vitamins and sugars, organic acitey, as well as
the speed of biochemical and enzymatic reactions (IIF, 2008). For most species
of fruit, the longer conservation period is obtained at a temperature range of 0
4 °C. According to Lopez & Rodriguez (2000) and Alvaro (2001) the ideal
temperatre for the conservation of many species of leafy vegetavid some
fruit species is &°C.

Given the importance of rapid cooling to remove the heat of harvest, we
witnessed in last years the development of modern technologies for these
applications. According Marvillet (2001) and IIF (2008) within these
technologies we can find cooling chambeith evaporators equipped with two
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speed fans, cooling tunnels with water and vacuum, often used for products with
a high surface/volume ratio, and even immersion or spraying techniques with
ice water.

The conservation of fruits and vegetables is camgdmostly in central
fruit production, packaging and shipping. According to IIF (2008) cooling
systems with high refrigerating powers per unit of volume of cooling chambers
(50-100 W/n¥) are preferred for the conservation of summer products with short
lif e time. For conservation of long products duration, such as apples, pears, kiwi,
in most cases cooling is combined with controlled atmospher® @ °C). In
this case the refrigerated power per unit volume for the cooling systems is
between 25 and 40 W/m(IIF, 2008). To ensure that the organoleptic
characteristics of these products, from harvest to final consumer, a high use of
refrigeration systems is required to ensure the desired temperature and relative
humidity inside cool rooms. Therefore, it ispexted a high consumption of
electrical energy. The high energy costs and the need to ensure sustainability of
the cold chain require an implementation of energy efficiency measures,
particularly in refrigeration systems.

Dairy Sector

Milk and the proessed foods derived from it are named as dairy products.
Cow's milk is the most produced and consumed worldwide, but also the milk of
other mammals is used for consumption such as milk of sheep, buffalo and goat.
Dairy products are an important source oftpin and calcium, playing an
important role in nourishing and gastronomic level.

The consumption of dairy products is significant in areas of the world such
as Europe and the USA. In turn, in high density populated areas such as China,
there is a low casumption peicapita of such productdhe dairy industry
employs thousands of people around the world, from livestock to distribution.
This industry branch is currently highly advanced in terms of technology,
consisting of fully automated processes focgisin improved food safety.

Figure 9 shows the values of the production of raw material (milk) in some
European Union countries in 2011 (FAOSTAT, 2014).

Figure 9 shows that the main producers of milk in Europe are Germany and
France. Among the analysed ctrigs, Portugal of the one that has the lowest
production.
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Figure 9. Production of raw material (milk) in some European Union countries in
2011.

Figure 10 shows the 2011 production of raw material (milk) according to
its origin,i.e., the animal from wich the milk is obtained (FAOSTAT, 2014).
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Figure 10. 2011 production of raw material (milk) according to animal origin.
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Figure 11. 2011 distribution of cowbds milKk

As shown in Figure 10, much of the world production of nhils cow
origin, with a largescale production at industrial level. Other types of milk are
mainly used in the production of dairy products, e.g., cheese and butter. Figure
11 shows the 2011 distribution of
(FAOSTAT, 2014)

Europe and Asia stand out as the
milk. The milk makes part of the daily diet of many people in various ways.
Milk can be easily found in supermarkets already packaged. But before reaching
the consumer, the milk isibject to processes that ensure its food security.

Usually refers to the pasteurization or ulpasteurization. Both are thermal
processes, in which the milk suffers a heating process followed by a cooling
process. These processes ensure the destruétipstential harmful bacteria.
Figure 12 shows the quantity of pasteurized milk produced in different European
countries in 2011 (FAOSTAT, 2014).

The main producers of pasteurized and ulp@steurized milk in Europe
are the UK and Germany. Portugal appesgain with much lower values when
compared with the other countries. Figure 13 shows thegmeta consumption
of pasteurized and ultrpasteurized milk in some European countries in 2011
(FAOSTAT, 2014).
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Figure 12. 2011 pasteurized milk productiordifferent European countries.
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Figure 13. 2011 perapita consumption of pasteurized and ulprasteurized milk in
some European countries.

In Portugal, the pecapita consumption of pasteurized and yiteateurized
milk is well above the European average of 27 countries (64.8 kg/inhabitant).
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Portugal is only surpassed by the United Kingdom in that amount. The
consumption of pasteurized anlirarpasteurized milk pecapita in the world

is led by Australia, followed by Canada and the USA. If one takes into account
the Portuguese pasteurized and ytaateurized milk pecapita consumption,

this is only surpassed by Australia (108.7 kg/infatijtand it is comparable to

the consumption in Canada (80.9 kg/inhabitant) and in the USA (78.2
kg/inhabitant).

Cheese

The cheese is a subproduct of the milk, which is widely consumed
worldwide. It is a solid food product and can be produced from theahthe
various animals such as cow, sheep or goat. The cheese is produced by
coagulating milk, being the milk separated into curd and whey. The whey is
removed and the curd undergoes bacteriological processes leading to the
production of cheese. The fingharacteristics of the cheese are directly related
to the production method. There are hundreds of types of cheese throughout the
world.

Figure 14 shows the quantity of cheese produced in different continents and
Figure 15 shows the same quantity in Ex@an countries, in 2011 (FAOSTAT,
2014).
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Figure 14. 2011 cheese production in continents.
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Figure 15. 2011 cheese production in selected European countries.

More than half of world's cheese production is ensured by Europe. The
remaining production islivided by the other areas of the globe, with more
emphasis on the American continent.

30

263

25

20

G
10.9 102
10 9.6

Cheese consumption per capita (kg/inhabitant)

France Germany Italy UK Portugal Spain
Country

Figure 16. 2011 cheese consumption per capita in some selected European countries.
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Figure 17. Per capita consumption of main dairy products in Europe during 2011.

The three largest European countries cheese producers are Germany, France
and ltaly. Portugal has a small cheese production. Figure 16 shows the cheese
consumption per capita in some selected European countries during the year of
2011 (FAOSTAT, 2014).

In Portugal, the pecapita consumption of cheese is well below the
European average of 27 countries (17.1 kg/inhabitant). The larger consumers of
cheese are France, Germany and ltaly. The cheese consumption in Asian
countries (China and Japan) is very lownce there is no cultural habit of
consumption. Figure 17 shows the per capita consumption of main dairy
products in Europe during 2011 (FAOSTAT, 2014).

The pasteurized and ultpasteurized milk is the dairy product with higher
per capita consumption iruEope, followed by cheese and butter.

CheeseVanufacturing Industry

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 201Phe 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 tteatt 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
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metric tons only in Europe). In Portugal, the dairy sector is the second largest
sector of agrdood industries below to meat processing industries. According
to Afonsoet al.(2012), in 2009, the sector involved 430 companies, 6840 jobs

a turnover of 153&nillion euros. In 2012, production was 1868 million litres of
milk (INE, 2014) and 80 thousand tons of cheese (GPP, 2014). According to the
DGAYV (2015) there are 398 cheesmking industries from raw milk (mainly
sheep and goat). The main products obtaaredripened cheese, fresh cheese
and cheese curd. 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 plantsl€ts)i 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 & James, 2010).
These refrigeration systems are referenced in the food industry as major
consumers of energy due to the high numibfensed systems and required
refrigeration power (Ramirez, 2006; McFarlat@l, 2007; Tassoat al, 2010;
Gasparet al, 2014). Several studies conducted on this sector, point out that the
high consumption of electricity due to refrigeration systemauti@ainet al,

2007; Ramirezet al, 2006; Silvaet 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 & Bertsson, 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; 45)i2010; Xu & Flapper, 2010;
Nuneset al, 2014, Nunest al, 2015, Nunest al, 2016).

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 ait 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 manufactugirprocess). Figure 18 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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Figure18. Diagram to illustrate the 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 maimnaterials 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 chedeeriped
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
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chambers aa temperature of 4 t0°6 and relative humidity of 85 to 90%. As

can be seen in Figure 18, 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 preservatti of milk and cheese products and also to perform
the cheese maturation operation.

Distribution Sector

Distribution industry in this chapter covers only the cold storage. This
assumption comes from the main energy consumer associated with the
distribuion is transport, i.e., fuel used to run the distribution vehicles. If only
cold storage is assumed in the distribution industry, the main energy consumer
is the refrigeration system of cold rooms. Chilled and frozen food products are
stored in a cold roorat least once during the producer to consumer path (Evans
et al, 2014a). Perishable products are stored in chilled stores with temperatures
betweenl and 10C. Frozen products are stored in cold rooms with temperature
below-18°C. Tassoet al.(2011) taracterises and classifies retail cold rooms
by their average sales area as: (a) Hypermarkets (5,080vx 10,000 m),

(b) Superstores (1,400%m V < 5,000 m); (c) Supermarkets: 2802 V <

1,400 m); (d) Convenience stores including forecouxs<(280 n?). Thus, the

cold room market is diverse consisting of small stores of 10 to*2(@ o large
warehouses. In Europe there are approximately 1.7 million cold rooms. This
figure corresponds to 60 to 70 millior? mf storage volume. The majority of
these are small cold rooms (67%) with a volume of less than 3(Bvanset

al., 2014b). In the UK there are around 6578 supermarkets and superstores of
more than 280 Asales area of which just over 2000 are-stop shops of more

than 1400 rhsales areéTassolet al, 2011).

Cold storage rooms consume considerable amounts of energy. €aakou
(2011) states that the energy consumption of supermarkets will depend on
business practices, store format, product mix, shopping activity, the equipment
used br in-store food preparation, preservation and display. The annual
electrical energy consumption of retail cold rooms varies wiftely around
700 kWh/n? (large supermarkets) to over 2000 kWhfgonvenience stores).

The refrigeration systems account f80% to 60% of the -electricity
consumption. Lighting accounts for 15% to 25% and the HVAC equipment and
other utilities account for the remainder. Space heating, domestic hot water and
in some cases cooking and baking uses gas as energy source @fasisou
2011). The annual gas consumption can go over 250 k®Whinarge
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supermarketdn some stores the gas annual energy consumption can be as high
as 800 kWh/rh Figure 19 shows the research performed in the analysis of
energy consumption in cold rooms. Afiown in Figure 19, the energy
consumption per cubic meter of chilled/frozen space varies widely.
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Figure 19. Variation of specific energy consumption (SEC) in cold rooms: Legend: (a)
ETSU (1994); (b) Bosma (1995); (c) IR (2002); (d) Elleson and Fré20@4); (e)

Singh (2006); (f) Werneet al.(2006); (g) Evangt al.(2014)i Chilled stores (g)

Evanset al.(2014)i Frozen stores (i) Evanset al.(2014)i Mixed stores.

Wine Sector

The wine is an ancient alcoholic beverage produced by fupaotial
fermentation of fresh grapes (freshly pressed
are several categories, from red to white wines, sparkling and liqueur, among
others. There is a variety of wines appreciated on different occasions.

The manufacturingrocess of wine differs depending the wine type, but the
initial processes are similar. White winemaking requires extracting the juice
from the berries (skin and seeds are separated from the juice) as quickly as
possible and transforming the grape juict iwine through a temperature
controlled fermentation. Red winemaking requires a period of maceration of the
juice, skin and seeds to extract not only colour but also the tannins that will
contribute to the structure and body of the final wine (Fredediz9R
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The production of wine starts with the harved,, in the grape harvest,
which can be manual or mechanical. The date of the harvest is dependent on the
weather history and the degree of ripeness of the grapes, especially the acidity
degree and thsugar content of grapes.

After the harvest, the grapes are transported to the winery. The grapes are
de-stemmed and crushed to eliminate the woody parts of grape bunches and to
release the pulp and grape juice. At this stage, there is a differencenimé¢he
making process. For red wine production, the grape is sent to fermentation tanks,
which allows the alcoholic fermentation of sugar into alcohol and carbon
dioxide by the yeasts action. Next, the grapes are crushed to extract the liquid
contained inte berries. It is subjected to a malolactic fermentation to reduce
the wine acidity. This procedure consists in converting malic acid to lactic acid
by action of bacteria. The rest process is optional, and serves for the red wine
aging in oak barrels andhdreby improve the wine characteristics. In the
terminal phase of the process is required to transfuse the wine to a clean tank in
order to remove any particles that become deposited on the bottom of the
barrels. The wine can be blended with other grapewines during this
operation. Finally, the wine is bottled and corked.

In turn, the white wine is pressed and decanted before fermentation. The
solid parts from the wine pressing are separated in the decanting phase. Next,
the must is transferred into gato ferment and optionally it can ferment in
wooden casks. The white wine also needs racking. During this process, sulphide
dioxide is added to preserve the wine and protect it from oxidation. Finally, the
wine is clarified to remove impurities and to irape bottling under ideal
conditions.

According to the International Organisation of Vine and Wine, Portugal was
in 2010 the 10th country worldwide to export more wine. Being iffitthieterd
of export is justified by in the same year being the 12th country that produced
more wine worldwide and the 6th at European level (FAOSTAT, 2014).

The main Portuguese wine production area is the wine region of Douro (135
million liters in the 2009/2010 we campaign), followed by wine district of
Lisbon (96 million liters), of Minho (87 million liters) and Alentejo (81 million
liters).

Figure 20 shows the production value depending on the type of wine
produced (red, rosé, white, red ligueur and white ligua Portugal, in 2009
(Wines of Portugal, 2014).
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Figure 20. Wine types produced in Portugal during 2009.

Two thirds of the wine produced in Portugal is red or rosé type (mostly red).
Figure 21 compares the Portuguese, European and worldwide winefwad
(FAOSTAT, 2014). One kilogram of grape will produce, after fermentation,
around 0.7 litres of finished wine (FAO, 2009).
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Figure 21. 2012 Wine production in Portugal, in Europe and Worldwide.
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Figure 22. 2012 wine consumption in Portugal, Eurapa Worldwide.

In 2012, it was produced 26 million tonnes of wine in the World. Europe
accounts for 61% of all wine produced in that year, i.e., 16 million tonnes.
Portugal produced 0.6 million tonnes (FAOSTAT, 2014). However, as shown
is Figure 22, Portu has a pecapita wine consumption well above the
European average, 38.1 kg per capita per year, compared to 20.3 kg per capita
per year. France is the top wine consumer in Europe with an annual value around
51 kg per capita. The annual worldwide-pagta wine consumption is 3.5 kg.

The world wine production is mainly concentrated on countries located
bet ween | atitudes 30e and 50¢, both northern

In 2011, 2,008 MWh of electrical energy were consumed for the production
of Englishwine, with a value ranging from 0.040 to 2.065 kwh/liter, while the
average energy consumption was 0.557 kWh/liter (Smyth & Nesbitt, 2014). In
terms of wine production, Portugal far beyond surpasses the UK. Therefore, is
expected a much higher annual ggyezonsumption.
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Fish Sector

Fish are aquatic animals that represent an important food resource for
human consumption. Sea and freshwater fish are consumed. A portion of 150

gramsof fish can provide about56 0 % o f

(FAO, 2014).

Capture can be effected in various ways from traditional methods to large
fishing boats. Currently, the fish consumed is obtained by capture (fisheries) or
aquaculture production. Aquaculture is increasingly used to avoid over
exploitation of he marine resources that damage the ecosystems equilibrium.
Global fish production has grown steadily in the last decades. The food fish
supply has increased at an average annual rate of 3.2%, outpacing the world

an adult s

dai

population growth at 1.6%. Figure 23 shdiws world fisheries and aquaculture

production and utilization in 2012 (FAO, 2014).

The capture of fish in marine environment continues to have a great
expression, representing over half of all fish produced worldwide. Considering

a world population of Z billion people, the per capita food fish supply in 2012

was 19.2 kg. Figure 24 shows the per capita fish consumption in the World and

Europe in 2010 (Eurostat, 2012).
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Figure 24. Per capita fish consumption in the World and Europe in 2010.

Figure 24 shows that the Oceania and Europe are the largest consumers of
fish per capita in the world while Africa and America are smallest consumers.
At European level, Portugal isetcountry where there the highest-papita
consumption of fish. Norway and Spain also have a fairly higicgeita fish
consumption. Figure 25 shows the main exporting and importing fish countries
in the world, respectively, in 2010 (FAOSTAT, 2014).

Figure 25. Top 6 exporting and importing countries of fish and fishery products in
2012.



