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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 energy-intensive 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 energy-saving
opportunities (technological, organisational or behavioural) and describes
tailored energy-saving measures. Best practices and measures for energy
efficiency improvement are disclosure, which can 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 electricity 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 reducing food price, food waste and carbon emissions.
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INTRODUCTION
The current demand for energy has reached alarming proportions, severely
affecting the future sustainability of the planet. This problem is caused by the
release to atmosphere of the greenhouse gases (GHGs) like CO2, among others,
resulting from the conversion process of fossil fuels in usable energy (electrical
and thermal energy). To ensure the future sustainability of the planet 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 in this 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 several studies 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 food cold chain
such as FRISBEE (Food Refrigeration Innovations for Safety, Consumers
Benefit, Environmental impact and Energy) project (Gogou et al., 2013), the
Chill-on project (Eden & Colmer, 2010), aimed to promote the development of
devices capable to monitoring effectively the conditions of agrifood products in
the food supply chain and the ICE-E (Improving Cold Storage Equipment in
Europe) project (Evans et al., 2014a, 2014b), that provide information and tools
to cold room operators, designer and users, that 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 new tools,
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 energy-related problems in refrigeration systems
of agrifood companies such as the evaluation of energy consumption levels
barriers and benefits of implementing food security management systems,
development of eco-efficiency indexes to qualify companies performance,
power management method in the sector, the results of resource efficiency in
companies, local food retail chains as method of energy reduction, among many
others (Hennigsson et al., 2004; Maxime et al., 2006; Muller et al., 2007;
Karaman et al., 2012; Mundler & Rumpus, 2012). Also, through the
quantification of indexes 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 the life cycle of food products (i.e., extraction
of raw materials, production, transportation and storage until consumption)
(Plassmann et al., 2010). The life cycle analysis of a food product is an important
aspect because increases its commercial value and its acceptance in the markets
of developed countries (Ruviaro et 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
InovEnergy 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 number of data sets collected to date in Portuguese
agrifood companies (Nunes et al., 2011; Santos et al., 2013; Campos et al., 2013;
Nunes et al., 2014, Nunes et al., 2015, Nunes et al., 2016). The work developed
and presented in this chapter is part of this project results. This chapter
characterizes 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 sectors –meat, dairy, horticultural, distribution,
fish and wine sectors– as well as performing the comparison between the
industries of each sector. It aims, after a detailed energy analysis of the surveyed
companies, to identify 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 INDUSTRY
The Portuguese industry is mainly constituted by small and medium
enterprises. In 2011, it number was around 1.112.000, providing employment to
about 78.5% of the Portuguese population (IAPMEI, 2014; Santiago et al.,
2012). A large part of these industries is included in the agrifood sector. The
agrifood industry is the industrial 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 sector that 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 self-sufficiency and still is one of the greatest potential for 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 construction 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 and between industry and universities have 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 world average per 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 million tonnes verified in 1999/2001 (Nigel et 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 most produced and consumed, both at international
and national level are, beef, pig and poultry.
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Production Process
The production process of different types of meat is identical, except for
poultry. In the specific case of poultry, the production process has some 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. The storage and/or transport of meat or its
derivatives, also 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 large amounts of 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 growing,
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 the meat sector by 2022 (HBF-FEE, 2014).
Table 1. Evolution of the meat production (million tonnes) between 2009
and 2012, in Portugal, Europe and worldwide
Region
Portugal

Europe

Worldwide

Meat type
Beef
Pig
Poultry
Beef
Pig
Poultry
Beef
Pig
Poultry

2009
0.1
0.4
0.3
7.9
22.2
11.8
63.0
104.7
95.1

2012
0.1
0.4
0.0
7.7
22.7
12.6
63.3
109.1
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 decrease in the
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 poultry 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 is the 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 production in Portugal 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, Europa e worldwide.

The analysis of Figure 2 provides the following conclusions:






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 (Portugal, Europe and World);
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;
The meat consumption in Portugal is twice the worldwide consumption
for all types of meat.

Portuguese Meat 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 obtained 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 ham
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 meat products (Wilcock et al., 2004; Röhr et 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 the mechanization 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 place 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 slaughterhouses (EC, 2003; Marlow & Colley, 2007) and 40% to 50% for
other categories of meat processing industries (Ramírez et al., 2006; AlcázarOrtega et al., 2012). Furthermore, it should be noted that electricity costs may
correspond to two-thirds of the total energy costs 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 meat industries. 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 programs are 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 Production in Slaughterhouses
The typical process of bovine, swine, sheep and goat slaughter in Portugal
comprises essentially the following operations: reception, ante-mortem
inspection, animal’s slaughter, carcasses and offal cleaning, post-mortem
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 cooling 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 38ºC/40°C to a temperature around 15ºC to
20°C. The second step, relates to final stabilization of the meat’s temperature to
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 inside, lies between -1°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 to those 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 between -28°C to -40°C and 85% to 95%, respectively.
Although freezing 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 between -1°C to 2°C) or freezing (temperature of -18
°C), and may thereafter go to the cutting room (only the refrigerated product) or
be dispatched.

Traditional Sausage Production in Sausage Houses
In Portugal there is a great diversity of traditional sausages, produced with
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, choosing, cutting, spiciness and dough preparation,
maturing, filling and drying, stabilization and final packaging and shipping.
Cutting operations, mixing and filling are held in air-conditioned rooms with a
temperature of 12°C maximum. In the maturation phase the mixture of meats
with its condiments is kept in cold storage chambers, with temperatures between
1°Cand 6°C and a relative humidity of 80% to 85%, from 24 to 48 hours. The
drying process of sausages is accomplished by controlled atmosphere drying or
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 60 days for thicker products (Arnau et 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 combustion 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, post salting, 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 (Arnau et al., 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 (6ºC and 85% relative humidity). 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 increases up to a maximum value (about 26ºC 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 15 days.

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 consumption. The 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
appearance. These products become highly perishable due to their
morphological, anatomical, physiological and chemical composition. In
addition to being the most consumed foods in the world, horticultural products
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are also widely used as raw materials in various food industries (wine, olive oil,
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 post-harvest handling process.
In developed countries, the distribution 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 countries, people 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 chain. Figure 3 shows the evolution
of horticultural production in the world, in Europe and in Portugal, between
2009 and 2012 (FAOSTAT, 2014). For clarity, the y-axis is formatted in
logarithmic scale.
It can be stated from the analysis of Figure 3 that:

Figure 3. Evolution of horticultural production in the world, in Europe and in Portugal,
between 2009 and 2012.
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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 driving factor;
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;
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;
In 2012, the European continent produced about 13.5% of all fruit and
vegetables produced in the world. In turn, Portugal produced 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).

Figure 4. Fruits production in the world, in Europe and in Portugal, in 2009 and 2012.
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Figure 5. Annual per-capita 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 with the years, following the
growth of the world population. Figure 5 shows the annual per-capita
consumption of fruits in the world, Europe and Portugal, for the year 2009
(FAOSTAT, 2014).
Portugal has an annual per-capita fruit consumption figure well above the
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.

Vegetables Sector
Vegetables 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 tonnes), tomatoes (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, horseradish, parsley, radish,
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, 2014).
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 and India.
Figure 7 shows the annual per-capita consumption of vegetables in the
world, Europe and Portugal, for the year 2009 (FAOSTAT, 2014).
Portugal has a per-capita vegetables consumption value higher than the
World and European average values. These results demonstrate 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 per-capita values may be due to cultural differences between
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 standard of 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).
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Figure 7. Annual per-capita consumption of vegetables in the world, Europe 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 per-capita consumption occurs in sector of cereals, followed by
vegetables and fruits. However, the distribution of per-capita consumption in
Portugal is different. There, the highest share of per-capita consumption in the
horticultural sector belongs to the vegetables, followed by cereals and fruit. It
may also be noted that the fruit sector has the lowest per-capita consumption in
all regions.

Figure 8. Annual per-capita consumption of horticultural products in the world, Europe
and Portugal, for the year 2009.
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Portuguese Horticultural 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 euros (INE, 2013).
Most fruits and vegetables are produced seasonally and are highly
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). Álvaro (2001)
and Filho (2008) reported that respiration is the biological process that translates
how living organisms convert their reserves into energy with the subsequent
release of heat, CO2 and water vapour, and it has a major influence on the
conservation process of these products. According Guerra (1996), the
respiration rate of these products decreases by half for each 10°C of temperature
reduction.
The perspiration is another biological phenomenon of great relevance in the
process of conservation of fruits and vegetables (Alvaro, 2001; Chau, 1992).
Inadequate handling of products in practice can promote mechanical damage
and stimulate weight loss and increased exposure to microorganisms’ attacks.
Exposure of the product to a marked difference in vapour pressure through rapid
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 (López & Rodríguez, 2000).
To minimize the effects 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 & Rodríguez (2000), Marvillet (2001) and Rosset et al. (2002) rapid
temperature decrease of the crop, avoids many of the aforementioned problems
associated with the post-harvest period. The immediate application of cold
allows to reduce the loss of vitamins and sugars, organic acids, water 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 04 °C. According to López & Rodríguez (2000) and Alvaro (2001) the ideal
temperature for the conservation of many species of leafy vegetables and some
fruit species is 3-6ºC.
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 chambers with 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 carried out mostly 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/m3) are preferred for the conservation of summer products with short
life time. For conservation of long products duration, such as apples, pears, kiwi,
in most cases cooling is combined with controlled atmosphere (-1 to 4 °C). In
this case the refrigerated power per unit volume for the cooling systems is
between 25 and 40 W/m3 (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 is expected 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 processed 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 of protein 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 consumption per-capita of such products. The 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 focusing on 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 countries, 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 which the milk is obtained (FAOSTAT, 2014).

Figure 10. 2011 production of raw material (milk) according to animal origin.
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Figure 11. 2011 distribution of cow’s milk production by continent.

As shown in Figure 10, much of the world production of milk has cow
origin, with a large-scale 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 cow’s milk production by continent
(FAOSTAT, 2014).
Europe and Asia stand out as the continent’s largest producers of cow's
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 is subject to processes that ensure its food security.
Usually refers to the pasteurization or ultra- pasteurization. Both are thermal
processes, in which the milk suffers a heating process followed by a cooling
process. These processes ensure the destruction of potential 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 ultra- pasteurized milk in Europe
are the UK and Germany. Portugal appears again with much lower values when
compared with the other countries. Figure 13 shows the per-capita consumption
of pasteurized and ultra- pasteurized milk in some European countries in 2011
(FAOSTAT, 2014).
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Figure 12. 2011 pasteurized milk production in different European countries.

Figure 13. 2011 per-capita consumption of pasteurized and ultra- pasteurized milk in
some European countries.

In Portugal, the per-capita consumption of pasteurized and ultra-pasteurized
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 and ultra-pasteurized milk per-capita in the world
is led by Australia, followed by Canada and the USA. If one takes into account
the Portuguese pasteurized and ultra-pasteurized milk per-capita consumption,
this is only surpassed by Australia (108.7 kg/inhabitant) and 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 the milk of the
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 final characteristics 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 European countries, in 2011 (FAOSTAT,
2014).

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 is divided by the other areas of the globe, with more
emphasis on the American continent.

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 Italy. 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 per-capita 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 Italy. The cheese consumption in Asian
countries (China and Japan) is very low, since 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 ultra-pasteurized milk is the dairy product with higher
per capita consumption in Europe, followed by cheese and butter.

Cheese Manufacturing 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 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
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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 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 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 & 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 (Ramírez, 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; Ramírez et al., 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 & 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 & Flapper, 2010;
Nunes et al., 2014, Nunes et al., 2015, Nunes et 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 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 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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Figure 18. 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 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
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chambers at a temperature of 4 to 6°C 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 preservation 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
distribution 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 room at least once during the producer to consumer path (Evans
et al., 2014a). Perishable products are stored in chilled stores with temperatures
between -1 and 10°C. Frozen products are stored in cold rooms with temperature
below -18ºC. Tassou et al. (2011) characterises and classifies retail cold rooms
by their average sales area as: (a) Hypermarkets (5,000 m2 < V < 10,000 m2),
(b) Superstores (1,400 m2 < V < 5,000 m2); (c) Supermarkets: 280 m2 < V <
1,400 m2); (d) Convenience stores including forecourts (V < 280 m2). Thus, the
cold room market is diverse consisting of small stores of 10 to 20 m3 up to large
warehouses. In Europe there are approximately 1.7 million cold rooms. This
figure corresponds to 60 to 70 million m3 of storage volume. The majority of
these are small cold rooms (67%) with a volume of less than 400 m3 (Evans et
al., 2014b). In the UK there are around 6578 supermarkets and superstores of
more than 280 m2 sales area of which just over 2000 are one-stop shops of more
than 1400 m2 sales area (Tassou et al., 2011).
Cold storage rooms consume considerable amounts of energy. Tassou et al.
(2011) states that the energy consumption of supermarkets will depend on
business practices, store format, product mix, shopping activity, the equipment
used for in-store food preparation, preservation and display. The annual
electrical energy consumption of retail cold rooms varies widely from around
700 kWh/m2 (large supermarkets) to over 2000 kWh/m2 (convenience stores).
The refrigeration systems account for 30% 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 (Tassou et al.,
2011). The annual gas consumption can go over 250 kWh/m2 in large
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supermarkets. In some stores the gas annual energy consumption can be as high
as 800 kWh/m2. Figure 19 shows the research performed in the analysis of
energy consumption in cold rooms. As shown in Figure 19, the energy
consumption per cubic meter of chilled/frozen space varies widely.

Figure 19. Variation of specific energy consumption (SEC) in cold rooms: Legend: (a)
ETSU (1994); (b) Bosma (1995); (c) IIR (2002); (d) Elleson and Freund (2004); (e)
Singh (2006); (f) Werner et al. (2006); (g) Evans et al. (2014) –Chilled stores-; (g)
Evans et al. (2014) –Frozen stores-; (i) Evans et al. (2014) –Mixed stores-.

Wine Sector
The wine is an ancient alcoholic beverage produced by full or partial
fermentation of fresh grapes (freshly pressed) or “must” of fresh grapes. There
are several categories, from red to white wines, sparkling and liqueur, among
others. There is a variety of wines appreciated on different occasions.
The manufacturing process 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 juice into wine through a temperaturecontrolled 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 (Frederic, 2009).
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The production of wine starts with the harvest, i.e., 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 the sugar 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 difference in the wine
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 in the 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 and thereby 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 grapes or wines 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 vats to 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 improve 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 in the “top ten”
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 wine 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 liqueur and white liqueur) in 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 wine production
(FAOSTAT, 2014). One kilogram of grape will produce, after fermentation,
around 0.7 litres of finished wine (FAO, 2009).

Figure 21. 2012 Wine production in Portugal, in Europe and Worldwide.
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Figure 22. 2012 wine consumption in Portugal, Europe and 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, Portugal has a per-capita 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 per-capita wine consumption is 3.5 kg.
The world wine production is mainly concentrated on countries located
between latitudes 30˚ and 50˚, both northern and southern hemispheres.
In 2011, 2,008 MWh of electrical energy were consumed for the production
of English wine, 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 energy consumption.
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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
grams of fish can provide about 50–60% of an adult’s daily protein requirements
(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 the 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
population growth at 1.6%. Figure 23 shows the 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 7.1 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).

Figure 23. World fisheries and aquaculture production and utilization in 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 is the country where there the highest per-capita
consumption of fish. Norway and Spain also have a fairly high per-capita 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.
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China is largest exporter of fish, followed by Norway and Thailand. Norway
has a large fish production through aquaculture industry.
Japan and the USA are the major fish importers. These two countries
account for more than half of fish imports in the World.

ENERGY EFFICIENCY IN THE AGRIFOOD INDUSTRY
The increasing use of energy worldwide raises concern given the scarcity
of energy resources and the serious impacts on the environment (climate change
and global warming) due to GHGs emissions. Recently, it was observed that in
developed countries, energy consumption of residential and commercial
buildings has increased its contribution from 20% to 40% of global energy
consumption, surpassing the industrial and transportation sectors. Thus, it is
expected the increase of energy demand as result of population increase,
demand for services in buildings, and requirement of comfort levels. Given
these considerations, the building energy efficiency becomes a primary goal in
national and international energy policies. The current Portuguese economic
situation as well as the requirements imposed regarding the high consumption
of energy resources for production and distribution of final energy, imply to
follow a concept of energy efficiency that has been explored in specialized and
scientific literature. These concepts involve the applicability of measures
leading to optimize the energy cycles (production and distribution) as well as
the rational use and energy conservation. In the case of industries, this condition
translates into using less energy to obtain the same amount of final product. An
index widely used is the specific energy consumption (SEC) which is the
quotient of the total energy consumption and the amount of raw material/final
products, in which variations in the production process and type of equipment
used can lead to different values of this parameter. The specific energy
consumption (SEC) is used in many scientific studies to analyse the evolution
of energy efficiency in industry (ICAEN, 2010; Murray, 2010; Ramirez et al.,
2006; Singh, 1986). This indicator provides information about the energy use
per unit of production and can be used to characterize the energy performance
of industry through benchmarking analysis. Energy consumption in Portuguese
manufacturing industries is still a factor to be improved in many aspects such as
proper maintenance of facilities, an upgrade or renovation of equipment, and
encouraging practices measures of energy efficiency. In the particular case of
agrifood industry, the energy consumption can reach high values due to the food
products processing, but mainly for their cold storage process. Refrigeration of
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cold rooms is responsible for about 60-70% of electricity consumption of these
facilities (Muller et al., 2007; Hennigsson et al., 2004).

Materials and Methods
Surveys and audits were performed to agrifood companies located in the
central region of Portugal to assess the Portuguese outlook of energy
consumption in agrifood industry, as well as to define what should be the action
points that would foster energy efficiency strategies.

Sample
A sample of 252 companies was considered in the region of Beira Interior
North: 9 companies of the meat sector, 8 companies of the dairy sector, 6
companies of the horticultural sector, 7 and 9 companies of distribution and
wine sector respectively. The difference of companies in each sector highlights
its importance in the region under study as well as the willingness of companies
to participate in the study. In particular, the meat sector industries were
subdivided into three subcategories: Slaughterhouse, Sausages industry and
Hams industry. The analysis was conducted in 4 Slaughterhouses plants, 20
Sausages industries and 9 Hams industries. In the horticultural sector, depending
on the type of business, samples were divided into two categories: industrial
plants that act as resale establishments, selling chilled fruit and vegetable to
traders of small shops for direct sale of products to customers; and the fruit
centrals that collect, cool, calibrate and perform shipment of the products for
large commercial surfaces.
The traditional cheese manufacturing industries located in the interior
region of central Portugal was divided into two categories: traditional industrial
producers and traditional handmade industries.
Data Collection
An extensive survey was developed to carry out a collection of information
about the agrifood industries. This survey was used to collect information
regarding physical characteristics of plants, activities and characteristics of
production processes, high energy-use equipment with special emphasis on
cooling systems, cooling and freezing chambers and energy consumption.
Besides serving as a support document for data recording, the document ensured
a systematic and reliable data collection. Moreover, it was also used as a
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technical guide to the plants inspection. The inquiry document was used to
record the following data:
(i) Identification and location of agrifood plants.
(ii) Characterization of infrastructure (location, age, type of materials,
dimensions and location of cooling and freezing chambers).
(iii) Characterization of activities (type and quantities of raw materials and
final products).
(iv) Identification and characterization of the production process.
(v) Identification and quantification of energy types.
(vi) Characterization of the electricity tariff and consumption (tariff type,
electrical power contracted, electricity consumption, power factor).
(vii) Breakdown of electricity consumption by sector and equipment.
(viii) Characterization of cooling and freezing chambers (number, type of
insulation material, preservation condition, raw materials/products
load).
(ix) Determination of internal and external environmental conditions, of
facilities and cooling chambers (air temperature and relative
humidity).
(x) Identification and characterization of refrigeration systems (age,
location, type of technology and technical characteristics, refrigerant
type and nominal electrical powers of compressors).
(xi) Evaluation of the characteristics of compressed air systems.
(xii) Characterization of thermal fluid generators.
(xiii) Evaluation of energy efficiency improvements.
The collected information relates to activities undertaken during 2008. The
data collection process was carried out face-to-face, with a visit to the industries,
and where the building, the equipment, the technical operations and the
manufacturing processes were observed. Data collection was performed during
the year 2009.

Database
A computer database was built to record all information gathered from the
plants. This database was designed to allow data processing and analysis. It also
made possible to obtain various performance indicators from each agrifood
company and simultaneously to carry out a comparative analysis between
different plants in each sector. Additional details of the database can be found
in Nunes (2014).
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Results Analysis and Discussion
In order to evaluate the Portuguese panorama of energy consumption in
agrifood industry and to identify the practice measures and strategies that
promote energy efficiency, surveys and audits data was obtained, crosschecked
and analysed.
In general, the premises of Portuguese meat industries are comprised of
buildings with one floor, brick walls and roof assembly (galvanized, fibercement or red clay tile). A common feature to almost all industries is the reduced
physical space between the concrete slab, or suspended ceilings, and the roof
(usually non-ventilated attic) therefore originating the occurrence of high
internal temperatures (in summer days we measured air temperatures up to
55°C). Typically, the buildings are divided into several support chambers inside,
some conditioned rooms for the manufacture process, several cold storage
chambers and some freezing chambers. Almost all the walls and ceilings of cold
storage chambers and conditioned spaces are made of insulated (sandwich)
panels, with insulating core made in rigid polyurethane foam and coating on
both sides with metal sheet. The thickness of the walls is quite variable, being
40 mm for conditioned rooms, 60 or 80 mm for cold storage chambers and 80
to 100 mm for freezing chambers. The ground of the cold storage chambers
consists of black agglomerate cork layers or high-density polyurethane boards
(40 kg/m3), including a vapour barrier (polyethylene film). In older industries,
the walls of the cold storage chambers were built in brick masonry with cork
agglomerate flooring. This kind of constructive solution presents insufficient
thermal resistance (visible in thermal images) which penalizes the energy
performance. The location of cold rooms within the premises is based on the
type production circuit process: reception, production, processing, ageing,
drying, storage and dispatch. These industries have 3 cold levels: freezing (18°C), refrigeration (0°C to 6°C) and cooling (12°C). The mechanical cooling
systems are the vapour-compression refrigeration type. In general, the
evaporators are inside the cold rooms and have defrosting systems (where
electrical devices are the most common). Condensation groups and compressors
are usually found outside the premises (some of the condensation groups are
exposed to direct sunlight, others in close proximity, see Figure 26) though there
have also been situations where these elements are placed above cooling
chambers in non-ventilated attics.
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Figure 26. Condensation groups in close proximity.

According to the survey results, the fruit and vegetable industry have two
types of activity: annual and seasonal. The companies that perform an annual
activity are those that sell their products to traders in these small shops to sell
them later to the final consumer. These companies sell a variety of chilled fruits
and vegetables. Figure 27 shows the activity profile and annual energy
consumption of an industrial plant like this.

Figure 27. Profile of annual activity of a resale establishment.
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Figure 28. Seasonal activity profile of a fruit central plant.

On the other hand, the seasonal activity carried out during certain months
of the year and is typical of owners of fruit plants or producers of fruit that have
one or more fruit species (apple, peach, plum, cherry, and pear). Generally,
producers catch the fruit from the orchards, as this shows the state of maturation
desired. In Figure 28 we can see that the activity of this industry is during the
months of May to October, with the peach as dominant species.
However, the seasonal activity can be conducted for longer periods of time.
In this case the conservation of fruit is carried out in controlled atmosphere,
where is performed the simultaneous control of temperature, relative humidity
and concentration of CO2 and O2. To this end these cool rooms are built with
special care and use doors that allow them to present an overall tightness. The
graph of Figure 29 shows the activity profile of an industry of fruit preservation
under controlled atmosphere. We can see in the graph that the activity is carried
out between January to April and from July to December from the same year.

Best Practices in Refrigeration Applications …

39

Figure 29. Seasonal activity profile of fruit central plant with controlled atmosphere.

During the field work we found that in establishments selling products to
traders, in the morning the products are removed from the chambers and placed
in the center of the facilities, often without air conditioning to stay exposed. At
the end of the day, unsold products are again placed inside the chambers. This
procedure, together with the large number of times that the doors of cooling
chambers are opened, contributes to raise the thermal loads to the inside
providing an increased work of refrigeration systems.
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 present 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.
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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 fins heat exchangers, air-cooled by
forced convection (99%) and only a small number are the evaporative type (1%).
Table 2 shows the range (minimum to maximum) of annual general indexes
per sector. Note that in the horticultural and distribution sectors, the amount of
raw materials and final products is the same, because these companies do not
have their own production process, working only as warehouses. An acronym
was defined for each agrifood sector:
Meat sector – Slaughterhouses (MT-SG)
Meat sector – Sausages and Ham (MT-SH)
Horticultural sector – Fruit centrals (HC-FC)
Horticultural sector – Resell centrals (HC-RC)
Dairy sector (DR)
Fish sector (FH)
Distribution sector (DT)
Wine sector (WN)
Table 2. Range (minimum to maximum) of general indexes per sector
Sector

MT-SG
MT-SH
HC-FC
HC-RC
DR
FH
DT
WN

Employees Business value
(103€/year)
min max min max
10
140 250 188637
2
130 150 1000000
1
99
130 1500000
2
99
710 9398
2
164 28 200000
2
160 238 2147484
1
67
45 1789451
1
164 12 28000

Raw material
(tonnes/year)
min max
161 44646
25
4110
28
32000
120 28318
40
24152
16
7500
8
64041
36
15416

Final product
(tonnes/year)
min max
89 33449
12 4110
28 32000
120 28318
40 24152
13 2147484
8
6556
2
11026

Electricity
(MWh/year)
min max
82
3452
4
3379
2
2330
20
1624
7
4032
3
2089
7
1829
2
2800
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Figure 30. Range of total energy consumption per agrifood industry sector.

Figure 30 shows the average values of total energy consumption (TEC) for
each agrifood sector. The total energy consumption includes both electrical and
thermal energy consumption.
The largest TEC values arise in meat sector (slaughterhouses and
sausages/ham) and in dairy sector. The widest span occurs in dairy sector.
On the other hand, the horticultural sector (fruits central) and the wine
sector have both the lowest TEC value as a consequence of their seasonal
production activity. The distribution sector presents lower energy values too but
resulting mainly from lower cold requirements of the majority of products stored
in cold rooms.
As can be seen on Figure 31, the dairy, fish and meat sectors
(slaughterhouses) show the higher contribution from thermal energy to total
energy consumption as a result of the higher hot water usage during productive
processes.
Although a great variety of fuels are used for heating processes (see Figure
32), the natural gas and the propane gas are the most used fuels in the sectors
where thermal energy is more important to the total energy consumption.
The horticultural sector (both fruits central and resale establishments)
shows the higher values of electrical energy contribution to total energy
consumption. In this sector, the energy consumption results almost from cold
usage (refrigeration systems) to prepare or to store the food products. This
sector presents as well the highest average cold room volume (see Figure 33).
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Figure 31. Type of energy per agrifood industry sector.

Figure 32. Type of fuel per agrifood industry sector.
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Figure 33. Cold room volume per agrifood industry sector.

Figure 34 shows the average specific total energy consumption (SECtotal)
for the selected agrifood industries. For this energy index it is shown that the
fish and meat (sausages/ham) sectors have the highest SECtotal values. We can
conclude that industries developing meat processing activities such as sausage
houses and ham production industries, although with a lower total energy
consumption, present a SEC value higher than industries that are only devoted
to meat production, such as slaughterhouses. The same condition occurs to the
fish processing industries. Therefore, these industries require greater concern in
terms of energy efficiency measures in order to improve their competitiveness.
The remaining sectors stay well below these values with the horticultural sector
(fruit centrals) presenting the lowest average SEC value despite having the
largest volumes of cold rooms.
Figure 35 shows the average specific electrical energy consumption (SEC)
for the selected agrifood industries. This specific value is considered in terms of
volume. The slaughterhouses are the industry that consumes more electrical
energy per cubic meter of cold storage. The horticultural facilities have the
lowest SECV due to the large volume for cold storage.
The reliability of these results can be accessed by the comparison of the
values with those obtained by other authors shown in Figure 19. The results
shown in Figure 35 consider the total electrical energy consumed by the
industry, while the electrical energy consumption shown in Figure 19 is related
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to the cold storage. Thus, the values shown in Figure 35 must be higher. The
reliability of the results verified the joint analysis of Figures 31, 33, 34 and 35.

Figure 34. Average specific total energy consumption (SEC) in the agrifood industry
sectors.

Figure 35. Average specific electrical energy consumption (SECV) in the agrifood
industry sectors.
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The set of factors described above may be used to the overall improvement
of the energy performance of agrifood industry. The analysis of results allowed
to conclude that there are potential savings of electrical energy that can be
achieved if the several failures and inefficiencies found during the audits are
corrected. Some of the most recommended actions to reduce energy and
maintenance costs, improve facilities security, increase productivity and
competitiveness and improve the environmental impact of a company are listed
below:








Improvement associated with building infrastructure (thermal
resistance materials with proper thickness and/or good quality of the
insulating materials; low thermal conductive roofing materials; open
recesses, among others) and new layout design have a high energy
savings potential.
Cold rooms should be built in polyurethane panels at least with 100 mm
and 120 mm thick, respectively for chilled and frozen food products.
The doors of the cold rooms should be well insulated with seals in good
conditions (periodic verification of cold doors’ rubber seals should be
performed) and remain closed as long as possible as an operative
procedure to increase the energy savings. Similarly, lighting of
unoccupied cold rooms should be turned off. Optionally, electronic
controllers for lighting could be implemented. Finally, the replacement
of incandescent lighting with compact fluorescent or LED lighting is
strongly recommended. In relation the management of food products
inside cold rooms, a uniform products cooling should be achieved by a
careful distribution of products within the cold room, avoiding product
placement close the cold air inlets, partial load of cold rooms and
exceeding the maximum storage capacity.
Conducts of refrigeration systems must be well insulated, and old
refrigeration system itself, mainly the compressor, should be replaced
by new one with high efficiency motors. The condensers should be
installed in shaded ventilated areas and cleaned regularly. The adequate
(proper system) and regular (control system) evaporators defrost is
highly recommended.
Generally, preventive maintenance procedures should be regularly
performed, such as: detecting and repairing air leaks of compressed air
systems, checking the operating parameters of steam generators,
inspecting the regulator of boiler combustion and cleaning of heat
exchange surfaces.
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In terms of energy efficiency management, several procedures may be
taken: systematic analysis of energy bills to detect larger power
consumers and power factor irregularities. Whenever possible, the use
of renewable energy may be implemented. An energy management
plan should be developed taking into account de above
recommendation.

Several of these practice measures are very cost-effective and provide
significant energy savings. Most of these are related with regular checks
included in maintenance, monitoring and service tasks. The remainder
recommendations have a large scope of paybacks.
7

CONCLUSION
The results from surveys and audits performed to a set of agrifood industries
located in central region of Portugal (Beira Interior North region), characterizes
the energy panorama of agrifood sectors allowing to show their energy
performance. The results analysis considers infrastructures, manufacturing
processes, refrigeration systems, energy consumption, and the evaluation of
specific indicators. The range of values of specific energy consumption (in
terms of raw materials quantity and of cold rooms’ volume) among sectors is
notorious and reveals that companies with the best indexes are able to
positioning themselves better in the market. The joint analysis of the different
performance factors and energy audits allow to gather information about the
potential savings of electrical energy that can be achieved if several failures and
inefficiencies are corrected.
The most recommended actions to reduce energy and maintenance costs
were collected in order to improve facilities security, increase productivity
competitiveness and improve the environmental impact. These actions are
related to the improvement of the building infrastructure; new productive layout
design; cold rooms’ thermal envelope, thermal loads, management of food
products; enhancement of efficiency of refrigeration systems through
replacement of old components by new ones with higher efficiency,
improvement of the thermal insulation, condensers location and it proper
maintenance, and using an adequate evaporator defrost technologies and control
techniques; implementation of regular preventive maintenance procedures of
compressed air systems, steam generators, boilers and heat exchange surfaces;
and improve the energy efficiency management through the definition of an
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energy management plan that covers a systematic analysis of energy bills,
explore the use of renewable energy systems, and takes into account the above
best practices measures. Several of these practice measures are very costeffective and provide significant energy savings.
The content of this chapter aims to increase the awareness concerning the
weaknesses and strengths of companies in each agrifood sector, as well as to
provide the sensitivity to identify possible problems of technical origin on the
company facilities.
The assessment of the energy consumption in agrifood sector reveals the
need to continue the research in this topic. Important issues to be analysed are
logistics and production strategies, operational actions, as different electrical
consumption according to peak hours or changing slightly the temperature in
cold rooms without compromising product quality and safety, in order to
improve the energy performance of agrifood companies and hence increase their
competitiveness.
Future work will be related with the quantification of energy consumption
of agrifood companies in order to determine the amount of greenhouse gases
(GHGs) emissions indexed to its manufacturing process. With the comparison
of energy and GHGs emissions indexes of companies of a sector and between
agrifood sectors will be possible to create reference levels. In this way will be
possible to rating the companies in relation to reference levels of energy and
GHGs emissions and thus promote the rational use of energy by the application
of practice measures for the improvement of the energy efficiency and
simultaneously the reduction of GHGs emissions.
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