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EXECUTIVE SUMMARY
The main objective of Del. A1(a) is to present a literature review to identify the most
advanced state of the art methods and techniques on reducing the carbon footprint in the
whole supply food chain applied at a European and International level.
As illustrated below, the supply chain for food production consists of suppliers who source
the necessary raw materials to the plant for processing; the food products are stored and
distributed to retailers and with a final purchased by consumers.

Figure 1: Indicative supply chain
This literature review includes not only the existing state of the art techniques such as the
Best Available Techniques, but also innovative methods used at laboratory scale for the
reduction of carbon footprint throughout the food supply chain.
The structure of this analysis focuses on the supply chain of the food industry, including all
the stages, namely: farming, food packaging, transportation, food processing methods,
waste management, as well as some other measures focusing on the consumer nutrition
attitude towards the minimization of the carbon footprint. Emphasis was given to methods
and techniques used in the pastry and flour lifecycle while some other case studies were also
included and described briefly in the report.
After the short description of the various stages of the food supply chain, a thorough
analysis followed focusing on the state of the art methods and techniques on reducing the
carbon footprint. In this framework, for each of the main stages previously presented, the
existing international and EU policies regarding GHG emissions in the food industry sector,
the basic components and sources of GHG emissions, as well as the various methods and
techniques on reducing the carbon footprint were outlined.
Finally, several case studies are recorded about food industries that have adopted measures
and energy efficient plans in an attempt to reduce their carbon footprint in a voluntary basis
since there is no concrete environmental policy. Indeed, many industries have already
adopted measures to reduce the carbon footprint, having realized that sustainable
production goes hand in hand with production increase. "The carbon footprint is a measure
of the exclusive total amount of CO2 emissions that is directly and indirectly caused by an
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activity or is accumulated over the life stages of a product" and is calculated in equal tones
of carbon (CO-2e).
According to a research conducted by the Ernst & Young Company in 2012, 82% of the
industries planned to invest to energy efficient plans in an attempt to reduce the carbon
footprint in 2011. More particularly, food industries are largely responsible for most of the
carbon emissions that not only accelerate climate change, but also degrade the resources
used by food industries having, thus, long-term effects on the quality and quantity of their
products.
Today food industries adopt measures in a voluntary basis, as there is no concrete
environmental policy. Several food industries in an attempt to anticipate developments have
already calculated their energy footprint and embraced new measures for reducing or even
eliminating it. The strategy of the carbon footprint reduction is a set of measures that aims
at its gradual elimination through specific goals and schedules.
The industries follow the Life Cycle Assessment procedures having realized that the multiple
production stages are responsible for carbon emissions. A product’s life cycle is sometimes
complicated to define as it involves the selection of raw materials, the design,
manufacturing, promotion, distribution, sale, consumption and disposal of the final product.
The examination of the different stages of the production process helps in calculating and
understanding the environmental impact.
Case studies include Climate Smart, a social, Canadian enterprise that provides training and
certification program for businesses to assess their carbon emissions, Left Coast Naturals, an
organic and natural food manufacturer and distributor, based in British Columbia, Kingsmill
which was the first bread company to have adopted measures on reducing the carbon
footprint, Euro Foods Group, a company that processes and distributes frozen seafood,
meat, poultry, vegetables and aromatic herbs, Heinz which was found in 1869 and is
considered one of the biggest food industries, etc.

FOODPRINT: LIFE13 ENV/GR/000958

Page 11 | 118

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

1 INTRODUCTION
1.1
1.1.1

Background
Greenhouse gas (GHG) emissions

The climate change phenomenon has been undoubtedly affected by today’s way of living.
The reduction of greenhouse gas (GHG) emissions in all aspects of human activity is now a
priority on the EU agenda. This objective can be attained by a moderate and rational use of
energy and natural resources.
At this point it should be mentioned that GHG emissions are those that can absorb and emit
infrared radiation, but not radiation in or near the visible spectrum; this process is the
fundamental cause of the greenhouse effect. Usually, GHGs are measured in CO 2 equivalent,
which is the concentration of CO 2 that would cause the same level of radiative forcing as a
given type and concentration of GHG. The most common GHGs include carbon dioxide
(CO 2 ), methane (CH 4 ) and nitrous oxide (N 2 O). Methane is a particularly potent GHG, and is
currently considered to have an effect on global warming 25 times greater than CO 2 when a
time horizon of 100 years is considered. Nitrous oxide, although produced in significantly
lower quantities has an even bigger effect, namely 298 times greater than CO 2 (CML, 2010).
The Kyoto Protocol emphasized the urgency of reducing the GHGs emissions up to 8% in the
period of 2008-2012, in an attempt to return to the 1990 levels. The Sixth Environmental
Action Programme is EU’s long-term commitment to reduce greenhouse gases emissions up
to 20% by 2020 (European Commission, 2014). Another ambitious plan is that by 2050 the
GHG emissions in Europe will be reduced to 80%-95% compared to those in 1990. It has
been clear that all European countries and their industries have to comply with the rules and
follow the policy of reducing greenhouse gases emissions and other equivalent CO 2 units in
order to actualize the goals of the Action Programme as part of the European energy policy.
The Climate and Energy Package (CEP) drawn up by the European Union for 2020 contains
directives concerning the Emissions Trading System (ETS), the EU member-states
commitments on reducing GHG emissions by sector and the participation goals of those
renewable energy sources in the final gross energy consumption of every member-state.
Additionally, new energy commitments for 2030 were made in January 2014 concerning the
reduction of CO 2 emissions by 40% and the use of renewable energy sources by 27%
(European Commission, 2014).
The scientific community has proposed new ways of tackling the anthropogenic
phenomenon of the greenhouse effect. CO 2 emissions are responsible for 60% of the
greenhouse effect on a global scale. It is worth noting that 80% of the greenhouse gases
produced in the developed countries including the member-states of the EU is CO 2 .
Moreover, European scientists have come to the conclusion that CO 2 concentrations in the
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atmosphere today have been the highest in the last 650.000 years (European Commission,
2014).
1.1.2

GHG emissions and food production

During the different stages of food production such as processing, storage, distribution and
preparation considerable amounts of CO 2 are released. Nowadays, new eating habits and
the vast increase of the world population have contributed to the climate change by the
exhaustion of natural resources and the over-consumption of energy. The environment is
overburdened, as a vast amount of food is thrown away during the different stages of food
production before it actually reaches the consumers. It is surprising that the amount of food
that is thrown away could be sufficient even if the world population increased six fold
(Tristram, 2009).
According to Khan and Hanjra (2009), the world production of food was doubled during the
second half of the 20th century in an attempt to cope with the great population rise, thus,
increasing its environmental footprint. Food industry is by far the most dynamic of
industries, as it is the highest in employment and transportation rates (Tassu et al., 2011).
Due to the diversity of the products, the processing methods and the geographical allocation
of the food production plants (Bakas, 2010), it is difficult to estimate the exact level of
environmental impact. However, it is estimated that food and tobacco production is
responsible for 20-30% of the overall CO2 emissions in Europe (EIPRO, 2008). Additionally,
50% of the earth’s terrestrial surface is farmed. More precisely, 1/3 is cultivated land and
2/3 is grazing land (USDA, 2001). According to the Fourth Assessment Report of the
Intergovernmental Panel on Climate Change (ICPP, 2007), mechanised farming emissions
constitute 10-12% of the anthropogenic emissions in total. It is important to mention that
the level of farming emissions can be even higher, if the emissions produced by the changes
of land use, such as the transformation of forests into cultivating land, are also taken into
account. Therefore, it is obvious the level of contribution of farming in the CO2 emissions.
The Sixth Proposed Agricultural Growth Strategy (2013) developed by the Thematic Groups
of Strategic Partnership (TGSP) (Ministry of Rural Development and Food, 2014) outlines the
need for an economy that resists climate change, is low in CO 2 emissions and aims at using
the existing resources more efficiently. This strategic planning aims at reducing CO 2
emissions by exploiting and altering the biomass, waste and by-products of agricultural and
farming activities, as well as by the efficient use of water resources through sensible
irrigation. The strategy of reducing CO 2 emissions also focuses on controlling the inflow of
water and fertilisers into the land, and the sustainable agricultural management by
promoting the efficient use of resources, moderating the effects of the climate change and
protecting from floods, fires and land erosion.
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1.2

Aim and objectives

The main objective of this deliverable is to present a literature review to identify the most
advanced state of the art methods and techniques on reducing the carbon footprint in the
whole supply food chain applied at a European and International level.
The literature review includes not only the available state of the art techniques existing
today but also innovative methods used for the reduction of carbon footprint throughout
the food supply chain.
The analysis focuses on the supply chain of food industry including farming, production,
transportation, processing methods and waste management of packaging. Emphasis was
given to methods and techniques used in the pastry and flour lifecycle while various case
studies were included and described briefly in the report.
Moreover, existing policies regarding GHG emissions used at EU and International level, in
the food industry sector have been recorded.
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2 FOOD SUPPLY CHAIN GENERAL DESCRIPTION
2.1

Introduction

As illustrated below, the supply chain for food production consists of suppliers who source
the necessary raw materials to the plant for processing; the food products are stored and
distributed to retailers and with a final purchased by consumers.

Figure 2: Indicative supply chain
To facilitate the presentation of the literature review, the proposed measures to reduce the
carbon footprint will be presented separately for:
 farming,
 food processing & production
 packaging and
 transport / distribution
Worth mentioned that special emphasis will be given to infrastructure and operations in
pastry and flour industries, particularly, as this sector is the field of study of this survey.
2.2

Brief description of stages

2.2.1

Farming

Farming is the expression of man's efforts to produce food. This effort becomes more
pronounced if we consider, on the one hand the number of persons to be fed and on the
other hand the stability, if not decrease, of land available for exploitation for food
production. In agricultural practice, the deliberate proliferation of various plant and animal
breeding, at the expense of other non-useful organisms, leads to a serious disruption of
ecosystems (Gravanis, 2013).
Agriculture contributes to climate change by emitting greenhouse gases (GHG). Farming
emits, dominantly:
•
•
•

N 2 O from soil and livestock activities, such as manure, urine and use of nitrogen
fertilizers,
CH 4 emitting from ruminant digestion, rice cultivation and anaerobic soils and
CO 2 emissions generated from fossil fuel combustion to power machinery, for the
manufacture of synthetic fertilizers and to a lesser extent from burning biomass.
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The activities that emit the largest quantities of GHGs are the required for the production of
meat and dairy products, as well as air freighted foods (European Commission, 2006;
Williams et al., 2006; Sim et al., 2007, Garnett, 2010).
Agriculture accounted for an estimated emission of 5,1 to 6,1 Gt CO2-eq/yr in 2005 (10-12%
of total global anthropogenic emissions of greenhouse gases (Smith & Martino, 2007). Three
main sources generate CO 2 from agriculture: machinery equipment, production and
application of fertilizers and pesticides, soil organic carbon that is oxidized following soil
disturbance (West & Marland, 2002). It is estimated that more than 30% of total GHGs
emissions come from land use. In particular, livestock is responsible for 4/5 of the emissions
of CO2 from the rural area (Friel et al, 2009).
In 2007, EU emitted from the agriculture sector 462 million tones of CO2-equivalent of
greenhouse gases, which represents 9,2 % of total EU-27 emissions (against 11 % in 1990).
At global level agricultural emissions account for almost 14% (EC, 2009).
Emissions of CO 2 in the field vary depending on the required quantities of fertilizer,
herbicides, pesticides, fuel, electricity and feed (DairyCo, 2012).
Pastry and flour industries use as main raw materials cocoa, flour, sugar, cornstarch and
powdered milk 26%. These raw materials come from cacao beans, cereals, sugar cane and
corn cultivation as well as dairy farming.

2.2.2

Food processing & production

Food processing and production is a relatively complex category. Raw plant and animal
materials are transformed into food ingredients by physical and/or chemical methods. Such
transformations are by definition labeled under the term “food processing” while the
industrial production of processed food ingredients is defined as “food production”. “Food
preparation” on the other hand, does share common steps with “food processing” while it
still is a distinct narrower term.
When industrial food processing is regarded, a modern classification of foods based on the
extent and purpose of their processing can be considered. Monteiro CA, Levi RB et al,
provide us with an analytic table that distinguishes foods according to the processes they
have been exposed to, in three basic groups:
•
•
•

Group 1: unprocessed and minimally processed foods
Group 2: processed culinary or food industry ingredients
Group 3: ultra-processed food products
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Figure 3: Food classification based on the extent and purpose of industrial processing (Monteiro & Levy 2010)
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As observed above, in the 1st group either plant or animal origin foods are non or slightly
processed. Mild processing includes steps such as:
 chilling
 freezing
 vacuum packing
 drying
 pasteurizing
 fermenting
 bottling
In each case the description avoids any adding of other substances e.g. salt or sweetening
ones.
The 2nd group includes food components used in final food preparation as ingredients.
Processes that produce such substances are in the following list:
 (seed) oil extraction
 refining, filtrating, purification of substances
 mixing-beating (butter/cream making)
 sterilization
 rendering of lard and fats
 seed milling (flour production)
 production of pasta & noodles (mixing flour & water + extruding + drying)
 production of syrups (adding of sugar + boiling + mixing + homogenizing)
 Production of high fructose corn syrup (wet milling + separating + fermenting +
carbon filtering + mixing)
 Protein extraction (Microfiltrating or Ion exchange method)
Another way to organize the vast variety of processes in food production industry is
proposed by EUFIC (EUFIC The European Food Information Council 2010) according to
process technique “age” thus referring to the technologies involved as viewed in the
following Table.
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Figure 4: Chronological Development of Food Processing Techniques (EUFIC The European
Food Information Council 2010)
Produced by IPPC / EU an analysis of all processes of the Food Drink & Milk sector are
enlisted in the following Table.
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Figure 5: Unit operations applied in different sectors (Integrated Pollution Prevention 2006)
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Taking into consideration the objective of this study, (connecting food processing to GHG
emissions), the suggested way of enlisting the various processing techniques, focuses in:
•
•
•
•

energy sources
utilized energy
wasted energy
wasted materials

This way it is convenient to divide processes according to their intense need for all kinds of
power (mechanical, thermal, electrical etc) as core processes and then we refer to
secondary process mechanisms that support the food production and usually require less
energy.
e.g. At the production line of Chocolate Cake, the process includes mechanical, chemical and
thermal production stages. Also transportation of the ingredients and the ready product
within the process areas would require mechanical work:
Chocolate Cake Production Line:
a) Transportation of ingredients (mechanical)
b) Mixing of ingredients (mechanical)
c) Adding of yeast (ingredient) and heat (Thermo-Chemical process)
d) Forming (insert in molds) (mechanical)
e) Baking (electrical or fuel burning oven) (thermal)
f) Transportation to final ingredient (chocolate ganache) (mechanical)
g) Application of chocolate ganache (thermo-mechanical)
h) Air cooling (thermo-mechanical)
i) Transportation to packaging line (mechanical)
In the above paradigm processes b,c,d,e,g are primary (core) while a,f,h,i are secondary
(supportive).
2.2.3

Packaging

"Packaging describes all products made of any materials of any nature to be used for the
containment, protection, handling, delivery and presentation of goods, from raw materials
to processed goods, from the producer to the user or the consumer" (European
Commission). Thus, to reduce the carbon footprint throughout the entire production chain
in the food industry is necessary to consider the role of packaging. Food packaging should be
waste manageable and friendly to the environment.
The materials traditionally used in the food industry are glass, metal (aluminum, films and
sheets of tin and tin-free steel), paper and cardboard, and plastic. Moreover, a wide variety
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of rigid and flexible plastics is used. Nowadays food packages often combine more than one
material for the conservation of food properties (Marsh & Bugusu, 2007).
Lifecycle of packaging generally includes the production of the material, its use and finally its
disposal (cradle-to-grave approach). However, for the purposes of this study boundaries are
limited and do not include food consumption and disposal (a "farm to shelf " approach is
followed). Nevertheless, recycling benefit should be taken into consideration by excluding
primary sources and introducing recycled materials in the production of components of
packaging, a very common practice for all packaging materials.
2.2.4 Transportation
Transportation is a basic stage in supply chain that usually interferes to every other ring of
the supply chain. Almost every transition from one stage to the next requires transportation,
from farm to storage or processing areas, from there to storage areas or points of sale and
to the final destinations, consumers.
The production, transportation and combustion of fossil fuels emits great amount of CO 2, as
well as other gases (nitrogen oxides, carbon oxides, sulfur oxides).

Figure 6: GHG emissions from transport
(Greene, 2006)
The above figure displays CO 2 as the main GHG emitted by transport (96%) (Greene, 2006).
This is the reason that many projects related to the GHG emissions reduction refer
specifically to the reduction of CO 2 .
Transportations occur mainly through trucks, ships and trains. When transporting food
products is usually required extra equipment, such as refrigerator. Road transportation
accounts for 1/5 of total CO 2 emissions in Europe. The road transport carbon emissions have
increased by around 23% between the years 1990 to 2010. If economic crisis was not a fact,
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the ratio of 23% would be higher. According to calculations, ¼ of total transportations is
food transportation (Eurostat, 2011).
Raw materials for Greek pastry and flour industry come from indigenous cultivations or from
imports. For instance, cocoa thrives in land near the equator but cereals grow almost
anywhere in the world.
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3 STATE OF THE ART METHODS AND TECHNIQUES ON REDUCING
THE CARBON FOOTPRINT
3.1

Introduction

In this chapter, for each of the main stages previously presented (i.e. farming, food
processing, packaging and transportation/distribution), the following are outlined:
 policies
 basic components and sources of GHG emissions, and
 various methods and techniques on reducing the carbon footprint.

3.2

Farming

3.2.1

Policies

Many policies have been implemented worldwide, related to climate change and affect
GHGs emissions from agriculture. These policies concern international free trade
agreements, trading blocks, trade barriers, region-specific programs, energy policy and price
adjustment, and other environmental/agro-environmental schemes. (Smith & Martino,
2007).
3.2.1.1

Common Agricultural Policy (CAP)

In Europe, Common Agricultural Policy (CAP) has identified three priority areas for action to
protect and enhance the EU's rural heritage:
1. biodiversity and the preservation and development of 'natural' farming and forestry
systems, and traditional agricultural landscapes;
2. water management and use;
3. dealing with climate change (European Commission).
The environmental performance should be enhanced by sustainable production methods as
natural resources deplete. Farmers should adopt measures which do not aggravate and
accelerate climate change. The diagram below shows the combination of instruments that
will lead to improved sustainability.
The instruments presented in the following diagram would be accompanied by the requisite
training and the support of the Farm Advisory System, insights from the Innovation
Partnership and applied research that will facilitate the farmers in the implementation of
appropriate solutions.
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Figure 7: The new greening architecture of the CAP (EC, 2013)
3.2.1.2

Directive 2009/28/EC

The European Directive 2009/28/ EC regarding the use of renewable energy and set national
targets related to at least 20% share of renewable energy in total energy consumption by
2020, and at least 10% of renewable energy in transport to be achieved by each Member
State. Achieving these objectives should result in a 2 °C of global warming and reducing the
EU's dependence on foreign fossil fuels.
3.2.1.3

Rural Development Programmes (RDP)

Rural Development Programmes (RDP) for 2007-2013 has been implemented across the EU.
This program was related to activities aimed at reducing the emission of GHGs, connected
with enhancing carbon-conscious land and soil management, as well as contributing to the
use and production of renewable energies in farms, agricultural holdings and rural areas.
The RDP among other things describes the need of adopting the measures such: farm
modernization, developing agricultural and forest biomass for bio-energy production,
afforestation on agricultural land, use of new technologies, product development, and cooperation, training and communication actions aiming to improve farmers’ environmental
awareness, diversification of farms into bio-energy activities as well as local investment in
renewable energies.
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3.2.2
3.2.2.1

Sources of GHG emissions
Use of nutrients and fertilizers

Increasing needs for food have led to overexploitation of soils, reducing efficiency and raise
the use of fertilizers and pesticides, whose production is based on energy from fossil fuels
(Pimentel & Pimentel, 2008), as well as their transport (West, 2002). The use of chemical
fertilizers not only increases emissions of CO 2 but also the nitrogen concentration,
contaminating the food chain and degrading water quality (Khan et al, 2009).
3.2.2.2

Livestock

As the animal populations rises in a farm, overgrazing leads to desertification (Sivakumar,
2007; Verge et al., 2007). CO2 and nitrogen oxides released from activities such as land
clearing and cultivation of fodder and the consumption of fossil fuels in various stages of
livestock supply chain. Moreover, enteric fermentation produces CH 4, as carbohydrates are
deconstructed (Verge et al., 2007).
3.2.2.3

Efficient use of energy

The energy spent on lighting infrastructure, heating, ventilation, cooling and air recycling in
the field emits large amounts of CO 2 , in food production. At the same time, however, the
above are offered for efficient interventions (Carbon Trust, 2012) in order to save energy
and reduce emissions. Fossil fuels are also consumed for vehicles and agricultural machinery
in the field, such as tractors.
It is mentioned that greenhouses are usually heated by burning fossil fuels, thereby
increasing significantly the production of CO 2 from the field (Carlsson - Kanyama, 2003).
Buildings located within the fields may be new build and offer infrastructures that can be
leveraged or are old buildings that often complicate the activities. The structure of these
buildings and the materials from which they are manufactured affect significantly the energy
consumed for heating, cooling and ventilation.
3.2.3

Methods on reducing CO2 emissions per source

The reduction of CO 2 emissions can be achieved by the appropriate use of herbicides,
adopting better irrigation methods and efficient use of agricultural machinery (West, 2002).
The 'Report for effective reduction of greenhouse gases from agriculture' of 2013, indicates
four pillars of achieving this reduction:
 better use of nutrients and fertilizers
 utilization of soil, plants and trees characteristic to "lock" CO 2
 better management of livestock
 use of renewable energy and more efficient use of fuel in the fields

FOODPRINT: LIFE13 ENV/GR/000958

Page 27 | 118

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

Note that each of the methods to reduce CO2 (CO 2 ) emissions must be adapted to the needs
and power consumption of each type of industry.
3.2.3.1

Use of nutrients and fertilizers

The dependence on chemical fertilizers can be reduced by better management of nutrients
and the use of manure and sludge produced during agricultural activities. (DairyCo, 2012). It
is mentioned that the increased concern for the use of chemical fertilizers and pesticides has
led to a reduction in their use by 68% in Sweden and 65% in Indonesia, without reducing
crop yields (Pimentel & Pimentel, 2008), as growers were worry about.
Organic agriculture has a great ability for mitigation through its efficient nutrient cycles and
soil management, such as the use of green and animal manure, diversified crop rotations,
use of cover crops and composting, that leads to soils that are typically enriched in carbon
and soil biodiversity (EC, 2009). On the other hand Niggli in 2007 indicates that there is no
clear correlation between organic farming and reduction of greenhouse gases. A possible
explanation is that in order to produce the same quantity of food, organic farming requires
the cultivation of larger tracts of land.
3.2.3.2

Carbon sequester from soil

Furthermore, agriculture and forestry are two economic sectors can bind CO 2 from the
atmosphere and store it in vegetation (perennial crops, trees, hedgerows) and soil. Apart
from the oceans of the soil is the most important deposit of carbon and contains three times
the amount stored in vegetation. Considers that maintaining, restoring and expanding the
current carbon stocks in soils is an essential and cost-effective contribution to combating
climate change (EC, 2009).
Organic matter decreases by implementing inadequate agricultural practices in feed
production or pasture degradation. Land productivity decreases over time, when soil organic
matter is lost (FAO, 2013).
According to Verge et al. (2007), soil cultivation and raising annual crops often hasten the
conversion of soil carbon (C) to CO 2 by soil microbes. Tillage disturbs soil and aggravates
losses on sequestered carbon. (Smith & Martino, 2007)
Conservative tillage systems facilitate reduction of soil compaction; conservation of water
and carbon storage helping to offset the emissions of GHGs (SARE, 2010). The agricultural
products industry can reduce direct emissions by replacing fossil fuels with renewable fuel
sources, enhancing this way carbon sequestration (Agriculture Forestry GHGsStakeholder
Group, 2011). Technological advances in farm machinery and weed control allows many
crops to grow with little or no tillage. Conservation tillage, together with efficient
management of irrigation, fertilizer and pesticides, may increase yields, organic matter
additions to the soil and subsequently organic carbon (SOC) or decrease the rate of loss of
SOC (Lal et al., 1999; West & Marland, 2002). Moreover, preference in perennial crops,
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which keep their roots and woody mass to store carbon instead of cultivating crops that
require annual harvest (Scherr & Sthapit, 2009) may induce reduction of emissions.
Despite the significant benefits of increasing the capture of carbon is a very long process.
Furthermore, the relationship between carbon and the nitrogen cycle is complex and the use
of organic and inorganic fertilizers which aims to increase the capture of carbon may result
in emitting more N 2 O (Smith et al., 2007; Garnett, 2010).
According to Kibblewhite, 2008, is more helpful to consider the capture of carbon from soil
as a result of good farming practices rather than primary goal. (Garnett, 2010).
3.2.3.3

Livestock

According to a recent study of FAO, GHGs emissions from livestock should be reduced by
30% and this objective to be achieved by the use of best practices and technology (FAO,
2014).
Research shows that pasture can accommodate efficiently larger herds with better
management and alternate hosting herds, allowing plants to grow again after grazing.
Thereby, the soil organic matter is protected, and the productivity of livestock is maintained
or even increased. Researchers conclude that the best method to improve the ecological
footprint in areas of intensive production of dairy and meat products is to improve carbon
storage systems and prefer cereals as livestock feed, where feasible. Surveys indicate that
the wheat production emits smaller amounts of carbon, compared to corn. In general, the
consumption of high-quality livestock feed, the increase production per animal and the
proper managed rotational grazing are proposed. (Scherr & Sthapit, 2009).
3.2.3.4

Efficient use of energy

Better use of energy in the field may be achieved by using energy efficient:
 tractor, concerning fuel consumption to reduce the amount of diesel consumed
 milk pumps
 lamps
 cooling or heating systems
Intervention to the above fuel needs are reduced and simultaneously the cost and emissions
of CO 2 (Agriculture Forestry GHGs Stakeholder Group, 2011).
The use of fossil fuels in agriculture is closely connected to CO 2 emissions from their
combustion and the additional emissions from which are released during the production and
transport of the fuels (West & Marland, 2002). Furthermore, both crop farming and its
residues can replace fossil fuels if used as raw energy materials. Materials that have been
proposed for this purpose are grain, crop residue, cellulosic crops (e.g., switch grass,
sugarcane), and various tree species (Edmonds, 2004; Cerri et al., 2004; Paustian et al., 2004;
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Sheehan et al., 2004; Dias de Oliveira et al., 2005; Eidman, 2005; Smith & Martino, 2007).
These materials can be burned directly or undergo further process producing liquid fuel
(ethanol or diesel) (Richter, 2004; Smith & Martino, 2007). Although such fuels release CO 2
during combustion, these CO 2 emissions originate via photosynthetic carbon uptake) and
displaces CO2 which otherwise would have come from fossil carbon (Smith & Martino,
2007).
Energy-use efficiency can be improved by the implementation of better management
practices, such as maintenance of equipment and operating time, as well as energy saving
devices, such as heat pumps and thermal isolation, reducing both emissions and energy
costs for farms and processing plants. (FAO, 2013)
Furthermore improve in energy efficient may incur through the management of outputs
such as the utilization of manure and plant biomass for composting and use in anaerobic
digestion (Garnett, 2010).
It is mentioned that greenhouses are usually heated by burning fossil fuels, thereby
increasing significantly the production of CO 2 from the field (Carlsson - Kanyama, 2003), this
situation can be changed by the use of renewable energy sources.
The utilization of renewable energy sources in the field can be implemented with the
resources available in this area in order to reduce dependency on fossil fuels and emissions
of CO 2 . Possible installation of anaerobic digestion systems is facilitated by the adequate
manure. Alternative renewable energy sources in the field are wind turbines, solar panels
and biomass burners. (Agriculture Forestry GHGs Stakeholder Group, 2011) Reliance on
fossil fuel and CO 2 emissions can be reduced by harvesting organic matter as feedstock for
biofuel production (Verge et al., 2006).
As far as concerns energy consumption, is obvious and necessary tο switch off the
mechanical equipment when is not in operation. This obligation may take over the staff in
shifts or be automated without any financial investment (Carbon Trust, 2006).
Reduction or avoidance of tillage were mentioned above, by adopting such a measure CO2
emissions from energy consumption would be reduced (Marland et al., 2003b; Koga et al.,
2006; Smith & Martino, 2007).
3.2.3.4.1

Greenhouse units

In units with greenhouses heating is usually the main factor of energy consumption, which
offers the opportunity for savings. Some industries have reduced up to 30% in heating costs
through implementing simple measures. (Carbon Trust, 2006).
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1. Avoidance of opening doors and windows when the heating system is running.
Despite the simplicity of the measure is omitted. When this happens, the
temperature inside the greenhouse is lowered and the thermostat automatically
heats the room more, while not always necessary. Attention should be paid to the
location of the thermostat as it is effective when it is near heat sources such as
sunlight or other equipment.
2. Proper operation of temperature control systems, depending on the unit's
requirements. Needs for heating and ventilation are not the same throughout the
day, so control should be programmed in accordance to the needs. This
programming can be implemented through timers whose function should be
checked on a monthly basis.
3. Maintenance of boilers and pipes. The check of piping and boilers from reliable and
qualified staff may reduce significantly energy losses. The burner provides the rural
unit and the greenhouse with heat, hot water and steam. Regular repair of the
boilers can save up to 10% of the annual energy consumption for heating.
4. Insulation to reduce heat loss. The burners, tanks with hot water and the piping
valves should be insulated in order to prevent heat loss. Reducing these losses
depends on the diameter of the pipes, the temperature and hours of burners
operation. Payback on investment of insulation is expected within months.
Furthermore, easily removed caps can be used in valves, so as to replace them
effortlessly.
5. Upgrading controls. Heating systems are usually problematic due to old and
inefficient timers. Their upgrading will have immediate energy and economic
benefits. Heating systems can adapt to climate change. The "equalizer" in heating
systems automatically adjusts the temperature, depending to the season and
weather conditions. Such a system is considered optimal when the plant reaches the
desired temperature directly. This way both staff and animals, if they exist, feel
more comfortable while there is a constant temperature inside the greenhouse.
Moreover, proper ventilation and air circulation play an important role in many agricultural
production systems and may be responsible for up to 14% of energy costs of the plant. The
use of energy-saving measures by these functions can reduce up to 20% energy
consumption.
The internal conditions are determinant for the quality of the crop, so ventilation must be
done carefully. When the heating systems are running, natural ventilation from windows
and doors should be preferred. The operation of ventilation may be automated when
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stopped and the operation of other machines that must run in parallel. Still, there are not
the same needs of ventilation throughout the day, so the operation of the air ventilation and
circulation systems should not be permanently at a maximum.
The absence of regular maintenance can reduce the ventilation space, based on machines,
up to 60%. Especially during the cold months, control systems of ventilation rate can be
used. Furthermore, the surface of the conductors must be checked so as not to prevent air
circulation, increasing the efficiency of ventilation up to 20%. Fans ventilation systems shall
maintain clean in order to be effective and expand their life span. Fans choice should be
careful as the yield varies. (Carbon Trust, 2006).
3.2.3.4.2

Buildings and energy savings

Improving buildings insulation, covering the gaps in the walls, windows and doors the
temperature control is better; the productivity is higher and costs for heating and ventilation
lowers. Small gaps in windows can be covered with special films.
The building control process for gaps that create heat loss can be facilitated by a list
completed by staff and focus on the good condition of windows, doors and roof. At the same
time, the building should be checked for moisture, at least once a year as the impairment in
the building is extensive. (Carbon Trust, 2006)
Complementary to any measures listed above, necessary deems the establishment of
activities aiming at raising farmers’ awareness on issues relating to the environment, so as
all the measures proposed to be widely and effectively implemented.
Note that in Section 4 are presented measures to reduce the carbon footprint in heating
infrastructure, cooling, ventilation and lighting. These infrastructures are possibly found in
the field buildings as well. In any case the proposed measures can be adapted and applied to
the buildings used in the field, such as warehouses, offices or processing units.
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3.3

Food packaging

3.3.1

Policies

Packaging is an major source of waste and it is considered necessary to draw up guidelines
for proper packaging management. Member- states should adopt measures to prevent the
formation of packaging waste and to develop packaging reuse systems reducing their
environmental impact.
Directive 64/62/EC Packaging and Packaging Waste, concerns the management of packaging
and packaging waste in order to achieve a high level of environmental protection and to
ensure the functioning of the internal market. This Directive was modified by Directives
2004/12/ΕC and 2005/20/EC.
Producer responsibility arrangements are in place throughout Europe, introducing measures
relating to the prevention, reduction and elimination of pollution caused by waste and the
management of packaging and packaging waste (European Commission).
Packaging waste in Europe is commonly formed from the materials illustrated in the
following figure:

Figure 8: Qualitative composition of packaging waste for the 27 Member States of EE, 2008
(Adopted from Eurostat)
3.3.1.1

Directive 64/62/EC Packaging and Packaging Waste

According to Directive 64/62/EC the best means of preventing the creation of packaging
waste is to reduce the overall volume of packaging. Given the growing needs, apart from
this measure is necessary the packaging waste management. Member States had to
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establish recovery, collection and utilization systems in order to achieve the following
numerical targets:
• by June 30, 2001, 50% to 65% by weight of packaging waste had to be recovered or
incinerated, at waste incineration plants with energy recovery
• by December 31, 2008, at least 60% by weight of packaging waste had to be recovered
or incinerated, at waste incineration plants with energy recovery
• by June 30, 2001, 25% and 45%, by weight, of all packaging materials contained in
packaging waste had to have been recycled (with a minimum of 15% by weight for each
packaging material)
• by December 31, 2008, 55% to 80% by weight of packaging waste should have been
recycled
• by December 31, 2008, should have been achieved the following minimum recycling
targets for materials contained in packaging waste:
- 60%, by weight for glass, paper and cardboard,
- 50%, by weight, for metals,
- 22,5%, by weight, for plastics
- 15%, by weight for wood
Furthermore, Member States should adapt the necessary measures ensuring that systems
are set up to provide for the return and/or collection of used packaging and/or packaging
waste from the consumer, other final user, or from the waste stream in order to channel it
to the most appropriate waste management alternatives as well as the reuse or recovery
including recycling of the packaging and/or packaging waste collected. The following figure
presents the targets of Directive 64/62/EC for packaging waste. Most of Member States
achieved the targets for 2001 as well as in 2008.

Figure 9: Recovery rate of total packaging waste-targets for 2001 and 2008 set by Directive
64/62/EC (Adopted from Eurostat)
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It has been estimated that up to 30% of all food products worldwide is wasted or discarded.
Food industries produce large amounts of waste, some of them are easily manageable.
Europe produces three billion tons annually, it is estimated that Member States produce 222
million tones of food waste and their by-products (Waldrom, 2007: AWARENET 2004).
Trying to mitigate and resolve, the problem of food waste mismanagement, the Member
States adopt EU policies.
3.3.1.2

Directive 96/61/ EC - IPPC

Directive 96/61 / EC Integrated Pollution Prevention and Control of Pollution (Integrated
Prevention Pollution Control, IPPC), refers to the control and prevention of pollution based
on the adoption of necessary measures to achieve a high degree of environmental
protection. Essentially, this Directive promotes the combination of business economic
prosperity by reducing the use of natural resources and energy as well as exposure to
hazardous substances and emissions of any type. Directive 96/61/ EC aims to achieve
integrated prevention and control of pollution arising from industrial activities which in
summary, are:
 Energy industries
 Production and processing of metals
 Mineral industry
 Chemical industry
 Waste management (with the reservations of the relevant Directives on hazardous
waste)
 Pulp manufacturing facilities, paper and paperboard
 Plants for the pretreatment or dyeing of fibers and fabrics
 Facilities of leather tanning
 Slaughterhouses
 Food processing facilities from animal and vegetable raw materials
 Milk processing facilities
 Disposal or recycling facilities of animal carcasses and animal waste
 Intensive rearing of poultry or pigs facilities
 Surface materials, objects or products processing facilities, using organic solvents
 Equipment for the production of hard coal and electro
This Directive is presented in depth in section 3.5.1.6.
3.3.1.2.1

Towards a circular economy: A zero waste programme for Europe

The transition to a more circular economy is essential for carrying out the agenda of
resource efficiency, drawn up as part of the 'Europe 2020' for smart, sustainable and
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inclusive growth. Larger and sustainable improvements in efficiency performance of
resources are feasible and can lead to substantial economic benefits.

Figure 10: Circular Economy 2
The approaches of circular economy put off planning waste and incorporate innovation all
along the value chain, rather than based solely on solutions concerning the end of life of a
product. For example, they include:
 Reduction in the amount of materials needed to provide specific service
(lightweighting).
 Elongation of the useful product life (durability), reduction of the use of energy and
materials in production and use phase (efficiency).
 Reduction of the use of materials that are hazardous or whose recycling is difficult in
products and production processes (substitution).
 Generation of markets for secondary raw materials (recyclable materials) (based on
standards, public procurement etc.).
 Design of products which are easier to maintain, repair, upgrade, refurbishment or
recycle (eco-design).
 Development of the necessary services for consumers (services maintenance /
repair, etc.).
 Providing incentives and support for waste reduction and for high grade separation
by consumers.
 Providing incentives for separation and collection systems that minimize the cost of
recycling and reuse.
2

Source: Towards a circular economy - A zero waste programme for Europe
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 Facilitation of activities clustering, aiming the products do not become waste
(industrial symbiosis).
 Encourage wider and better selection of products through leasing services,
borrowing or sharing services as an alternative to products occupation, while
preserving the interests of consumers (in terms of cost, protection, information, the
terms contract, insurance issues, etc.).
An important starting point is the design of production processes, products and services. The
products can be redesigned so as to be used more, be repaired, upgraded, reconstructed or
ultimately be recycled, rather than discarded. Production processes should be based on
reusability of products and raw materials, and the resilience of natural resources. Innovative
business models can generate new relationship standards between companies and
consumers European policies and laws provide tools and incentives according to the model
of circular economy. The waste hierarchy, which is located at the base of the waste
legislation, leading progressively to the adoption of preferred options.. The policy on
chemicals is aimed at the gradual elimination of toxic substances of very high concern. Some
eco-design requirements for energy-related products include requirements for durability
and facilitate recycling. The strategy for the bio-economy promotes the sustainable and
integrated use of biological resources and waste streams for the production of food, energy
and organic products. The policy climate creates incentives to save energy and reduce GHGs
emissions.
European legislation aimed at stimulating innovation in recycling and reuse, reduce landfill,
reduce waste of resources and create incentives to change consumer behavior.
3.3.2
3.3.2.1

Sources of GHG emissions
Materials

Food packaging materials intend to contain, preserve and protect the product during transit
and storage at the retailers and households, as well as to provide information to the
consumer regarding the food product (Büsser & Jungbluth, 2009). Increased consumer
demand for high quality, long life, and ready-to-eat foods has led to the development of
mild preserved products which maintain their physical condition (Arvanitoyannis, 2007:
Baldwin et al, 1995, Guilbert et al 1996).
To reduce the carbon footprint throughout the entire production chain in the food industry
is necessary to consider the role of packaging. Food packaging should be waste manageable
and friendly to the environment. Moreover, if it is feasible, recycled materials packaging
should be preferred, such as in the case study of Kingsmill, provided it does not affect
product quality.
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To a large extent the quality and shelf life of food depends on the packaging material. The
materials traditionally used in the food industry are glass, metal (aluminum, films and sheets
of tin and tin-free steel), paper and cardboard, and plastic. Moreover, a wide variety of rigid
and flexible plastics is used. Nowadays food packages often combine more than one material
for the conservation of food properties (Marsh & Bugusu, 2007).
3.3.2.1.1

Glass

The use of glass in food packaging has several advantages as it is chemically inert, odorless,
impermeable to gases and vapors, without altering the taste or flavor of the product. Still, it
is resistant to high processing temperatures and can be used for heat sterilization. It is rigid
and provides good insulation, while it allows for different shaping. This is a consumerfriendly package, since the transparency of the glass allows them to see the product and
often the color of the protecting photosensitive content. It is important to mention that
glass packaging is environmentally friendly and can be reused and recycled. Weight and
fragility are the disadvantages of glass packaging.
3.3.2.1.2

Metal

Metal packaging offers security, preservation of food properties, flexibility, and design
ability. Metal packaging is recyclable and consumer-friendly. Aluminum packaging and tinfree steel are primarily used.
3.3.2.1.3

Aluminum

Aluminum is lightweight and high-corrosion resistant. The physical coating of aluminum
oxide provides a highly effective barrier against the effects of wind, temperature, humidity
and chemical attack. It is also an ideal material for recycling as it easily returns to the
production chain as a recovered material. Often, aluminum sheets are used, which are
available in a range of thickness. A serious disadvantage of the use of aluminum in food
packaging is its high cost, compared to other metals.
Aluminum plates and aluminum metalized film are used in packaging of other materials
(paper, plastic) to improve the protection of the foodstuff. Aluminum plates are more
expensive than metalized films and they are mainly used in expensive products. Although
aluminum is easily recycled, it is difficult to separate from the packaging consisting of more
than one materials.
3.3.2.1.4

Tinplate

Tinplate is produced from low carbon steel and offers protection against gases, water vapor,
light and odors. Tinplate can also be heat-treated providing a sterile environment and allows
for graphic decoration. The relatively low-weight and high mechanical strength make it easy
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to transport. Moreover, the tinplate is an easily recyclable material with minimum quality
loss.
3.3.2.1.5

Tin-free steel

Tin-free steel is known as electrolytic chromium or chromium oxide coated steel. Steel
packaging without tin requires coating of organic material in order to provide complete
corrosion resistance. Keeping the advantages of cans is marginally cheaper.
3.3.2.1.6

Plastic

Plastics are manufactured by polymerization condensation or polymerization addition of
monomer units. At times there were concerns about the impact on health of residual
monomers, including stabilizers, plasticizers and condensation components. In order to
ensure public safety, arrangements for the use of such substances have been established.
Despite these concerns, the use of plastics in food packaging continued to grow due to the
low cost of materials and the functional advantages over traditional materials like glass and
tinplate (Lopez-Rubio et al., 2004).
As packaging materials are used many types of plastic, such as polyolefin, polyester,
polyvinyl chloride, polyvinylidene chloride, polystyrene, polyamide, and ethylene vinyl
alcohol. Some of them, such as PVC, are difficult to recycle because they are used for such a
variety of products that is difficult to be separated. Furthermore, the incineration of PVC has
a high environmental impacts due to the content of chlorine.
Edible and biodegradable polymers offer alternative packaging options against synthetic
"intractable" polymer packaging, as they are not harmful to the environment
(Arvanitoyannis, 2007: Arvanitoyannis et al, 1996, Krochta et al, 1997).
3.3.2.1.7

Paper and Cardboard

Paper and paperboard, are cellulose fiber lattice panels from wood. Plain paper is not used
in food packaging to protect them for long periods. When it comes to serve such a purpose
paper mixed with other materials (plastic or aluminum) is preferred, so as to offer greater
protection. Paper packaging is easy to recycle, but difficult to separate when combined with
other materials.
3.3.2.2

Quantities of packaging materials

The following table shows the quantity of packaging materials produced, recovered,
deposited and finally the percentage of recovered materials in relation to the entire
production. The larger material recovery rates are observed in paper and cardboard,
followed by metal and plastic.
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Table 1: Impact of packaging materials in 2005 - Source: (Marsh & Bugusu, 2007: EPA, 2006)

The previous table shows the quantity of packaging materials produced, recovered,
deposited and finally the percentage of recovered relative to the entire production. The
larger material recovery rates are observed in paper and cardboard, followed by metal and
plastic.
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3.4

Transportation

3.4.1

Policies

European Union draws up a strategy for reducing CO 2 emissions for vehicles, with emphasis
on the quality of fuel, setting as target the reduction of GHG emitted from vehicles, of 10%
by 2020. White Paper on transport in 2011 set the target of 60% reduction of GHG emissions
from transportation by 2050, compared to 1990 emissions levels.
European
Union
uses
the
tool
VECTO
(http://ec.europa.eu/clima/policies/transport/vehicles/heavy/index_en.htm), to measure the
CO 2 emissions from new vehicles, in order to facilitate the composition of the draft related
to the proposed legislation for 2015, which concerns the monitoring of CO 2 emissions from
heavy vehicles. Thus, a highly competitive market will be formed, adapting more efficient
energy technologies. Measures of the European Union, associated with heavy vehicles,
include setting of CO 2 emissions limits, as already applies to cars and vans. Other measures
include the consumers’ encouragement in using alternative fuels, affordable and more
efficient, with advantageous taxation, resulting impacts in market demand mechanism
(European Commission, 2014).
A European Commission Press Release, published in May 2014, describes the main lines of
the strategy to reduce CO 2 emissions from transport trucks, buses and coaches, aiming to
save money for operators and reduce the EU's dependence in oil imports. Noted that
certification, reporting and monitoring of emissions from heavy duty vehicles (HDV) are very
difficult, as a large variety of models and sizes are involved.
3.4.1.1

European Directives and International Policies

Some of the European Directives and international policies aiming to reduce GHG emissions
from fuel use are presented below:
 European Directive 2003/59 / EC - Initial reeducation and periodic training of drivers of
certain road vehicles used for the carriage of freight or passengers
 Regulation (EEC) No 881/92 on access to the market in the carriage of goods by road
within the Community to or from the territory of a Member State or passing across the
territory of one or more Member States
 Regulation (ECC) No 3118/93 – laying down the conditions under which non-resident
carriers may operate national road haulage services within a Member State
 Regulation (EC) No. 484/2002 of the European Parliament and Council of March 1st , 2002
 Regulation (EEC) No. 684/92 (as amended by Regulation 11/98) on access to the road
transport market for passenger transport
 Regulation (ECC) No 12/98 laying down the conditions under which non-resident carriers
may operate national road passenger transport services within a Member State
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 Directive 2003/96 of 27 October 2003 on restructuring the Community framework for the
taxation of energy products and electricity (Energy Taxation Directive or ETD) and the
recent proposal to increase the rates (COM (2007) 52)
 Recasting of Road Transport Regulations (ECC) 881/92, 3118/93, 684/92, 3118/93, 12/98
and 484/2002.
 Recasting of Directive 96/26 / EC and Directive 98/76 / EC
 Weight and Dimensions Directive 9653 / EC, 2002/7 / EC
 End of life Vehicles European Directive
 The new rule De Minimis for State Aid
 Guidelines on environmental state aid
 European Commission White Paper - European transport policy for 2010: time to decide
 Procurement of Clean Vehicles - Green Paper Towards a new Culture for Urban Mobility
(COM (2007) 551)
3.4.1.2

White Paper

The White Paper (2011) "Roadmap to a Single European Transport Area - Towards a
competitive and resource efficient transport system" includes ten main objectives in order
to achieve the goal of reducing GHG emissions by 60%.
Concerning the development and deployment of sustainable new fuel and propulsion
systems:
1. Reduce by half the cars "powered by conventional fuels" in urban transport by 2030,
phasing out in cities by 2050, achieving a CO 2 -free city logistics in major urban centers by
2030.
2. In air transport, sustainable low-carbon fuels should raise to 40% by 2050, also in 2050
CO2 emissions from fuels ships should be reduced in the EU by 40% (if feasible in 50%).
As for optimizing the performance of multimodal logistic chains, including better use of
energy-efficient modes:
3. 30% of road freight transport over distances of more than 300km should shift to other
modes, such as rail or waterborne transport by 2030 3, and this figure should not exceed 50%
by 2050, with the help efficient and green freight corridors. To fulfill this goal is also required
the development of appropriate infrastructure.
4. By 2050 a European high-speed rail network must have be completed. Moreover, is
required the tripling length of the existing high-speed rail network by 2030 and the

3

source: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0144:FIN:EN:DOC
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maintenance of a dense railway network in all Member States. By 2050 the majority of
medium-distance passenger transport should be carried out by train 4.
5. A fully functional and EU-wide multimodal TEN-T “core network”, as well as a high quality
and capacity network by 2050 and a corresponding set of information services 5.
6. By 2050, is required the connection of all core network airports to the rail network,
preferably to high speed, is also required to ensure that all central seaports will be linked
sufficiently with the system of rail freight and, where possible, with the internal system
waterways.
Increasing the efficiency of transport and of infrastructure use with information systems and
incentives based on market needs:
7. Spread of a modernized air traffic management infrastructure (SESAR12) in Europe by
2020 and completion of the European Common Aviation Area. Furthermore, spread
equivalent land and waterborne transport management systems (ERTMS13, ITS14, SSN and
LRIT15, RIS16) and spread the European Global Navigation Satellite System (Galileo).
8. By 2020, establishment of the framework for a European information system,
management and payment for multimodal transport.
9. By 2050, approach towards achieving zero deaths in road transport. In line with this goal,
the EU aims to halve the number of deaths from road accidents by 2020.
10. It is estimated that will generate revenues and ensure financing for future transport
investments, if pursuing the full implementation of the "user pays" and "polluter pays" as
well as the private sector engagement to eliminate distortions, including harmful subsidies.
3.4.2

Sources of GHG emissions

Cars and vans are a major source of GHG emissions, producing around 15% of them. Since
2007, the EU has adopted a specific legislative framework to reduce CO 2 emissions in order
to achieve the objectives of Kyoto Protocol. To encourage drivers to choose vehicles with
low fuel consumption, the EU directives require Member States to have a specific labeling on
these vehicles to emit less CO 2 . (European Commission, 2014)
Trucks and buses account for about ¼ of CO 2 emissions from road transport in Europe and
6% of total European emissions. Despite improvement systems in efficiency of fuel

4

source: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0144:FIN:EN:DOC

5

source: http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=COM:2011:0144:FIN:EN:DOC
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consumption in recent years, emissions from heavy vehicles continue to rise, mainly due to
the increase of cargoes. Other sectors, except from transport presented a 15% reduction of
emissions
during
the
period
1990-2007
(VECTO
http://ec.europa.eu/clima/policies/transport/vehicles/index_en.htm).
3.4.3
3.4.3.1

Methods to reduce GHG emissions from transportation
General methods

In 2008 Faber Maunsel conducted a study for the European Commission on “Reducing GHG
emissions from heavy goods vehicles”. The first phase of this research focused on a
combination of fuel-saving methods.
Maximum savings can be achieved through the application of a set of interdependent
measures. The proposed measures to reduce fuel consumption were studied under the
following classification:
•

Performance management and fuel management systems. Monitoring the performance
management is essential in order to have long-term effects. For the adoption of
appropriate tactics is necessary the accurate measure of the resources used to provide
services, only then it is possible to identify areas for improvement and to assess
whether the measures taken were effective. Note that a performance management
program can be a starting point for operational improvements.

•

Information systems. The appropriate use of IT systems in enterprises with heavy goods
vehicles can reduce GHG emissions and increase the effectiveness of the measures
taken. There are many different computer systems in use in commercial traffic, such as
giving instructions to drivers, the composition of best track plans, the recording and
monitoring of fuel consumption.

•

Education of the driver. Drivers are, perhaps, the most important factor for achieving
fuel economy. The driver training techniques with safe and economical driving is listed
below under "More efficient driving."

•

Accurate and appropriate vehicle standards. The check of vehicles is an obligation of the
purchaser of the vehicle and can improve both fuel consumption, and the overall
operational efficiency. Some key areas of vehicle specifications include:
1. The characteristics of the engine. Specifically, the freight must be
proportionate in engine power.
2. Using high-tech engines. In this way significant reductions in GHG emissions
can be achieved.
3. The type and the size of the vehicle body.
4. Additional features of body and extra equipment.
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5.

The low rolling resistance tires.

• Amendments relating to enterprise strategies. Some basic types of functional
modifications include:
1. The best selection of production and distribution points.
2. Partnerships between the freight industries.
3. Collaboration with external organizations to share vehicles or facilities.
4. The use of full freight orders.
3.4.3.2

Energy efficiency

Furthermore, best freight practices include preventive maintenance, which involves ensuring
that vehicles are maintained in good condition, minimizing the possibility of serious damage,
resulting methods in improved vehicle efficiency. This strategy may include daily control of
the vehicle and systematic safety inspections at scheduled intervals. The preventive
maintenance program should be supported by trained staff and appropriate maintenance
facilities. Helesco proposed efficient energy transfers in 2010:


Replacing diesel vehicles with new low emission, with attention to performance as, for
example hybrid technology vehicles, noted that aren’t considered as appropriate for
long distances and heavy loads. It is emphasized that European Union is proposing
methods towards not only the use of "cleaner" gasoline, diesel and fuel oil, but also
aiding the purchase of vehicles and machinery that pollute less. Encouraging,
therefore, fuel consumption with low-carbon fuels and bio-fuels, suppliers will have to
reduce CO 2 emissions from their production, transportation and use by 10%
between2011-2020. This reduction corresponds to 500 million tons of CO 2 by 2020.
(European Commission, 2008)



Withdrawal of conventional technology vehicles.



Implementation of eco-driving (EcoDriving), to reduce fuel consumption and
emissions by 10% -15%.

3.4.3.3

Fuels

Bio-fuels is a great alternative to fossil fuels, both from environmental and economical point
of view. Agricultural sector will be the supplier of resources for bio-fuels, and is expected to
be forcefully affected (Schnitzer et al., 2010). Biofuel production is based on biomass, which
is the raw material their production. The biomass includes energy crops and residues or byproducts of plant or animal origin. At the global level total biomass potential is equivalent to
200times the energy used for food production, without environmental impact on the
greenhouse effect.
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First generation bio-fuels include biodiesel and bioethanol, second generation bio-fuels use
advanced technology and include synthetic biofuels, biomethanol, bioethanol, Bio-MTBE,
biodylethymethairas, biohydrogen and biogas (TCG, 2008).
3.4.3.4

Efficient driving

Best driving practices include the avoidance of sudden acceleration or deceleration and
high-speed development, these practice can significantly reduce CO 2 emissions from trucks
(EPA United States Environmental Protection Agency, 2014). Ecodriving represents the wise,
gentle and safe driving at low engine speed (1.200-2.500 rpm) and mild accelerations.
In the following table are presented the annual fuel cost and annual CO 2 emissions for heavy
vehicles (data 2006 ACEA) and the benefits of Ecodriving implementation, achieving fuel
savings of 5% and 10%.
Table 2: Benefits of applying Ecodriving to achieve savings of 5% and 10% 6
Total annual

Annual CO 2

fuel cost

emissions

~ 7,9 bil €

18,7 mil tones
of CO 2

Annual benefit

Annual benefit

5% Savings

10% Savings

397 mil €

793 mil €

Avoidance of

Avoidance of

CO2 emissions

CO2 emissions

5% Savings

10% Savings

0,95 mil tones

1,9 mil tones of

of CO 2

CO 2

242.753 heavy vehicles, average consumption of 35 lt/100km and fuel costs 1,1 € / lt

Some crucial elements of eco-driving are the change in transmission ratio (speed) at 20002500 rpm, driving at a constant speed and avoid unnecessary braking and speed changes,
the smooth deceleration and at uphill driving the continuous use of the throttle. Still, getting
off the engine when stops last more than one minute, checking tire pressure at least once a
month, as the proper pressure prevents excess fuel consumption. A very important
component is the proper and regular maintenance of the vehicle, avoiding unnecessary
loads, the judicious use of air conditioning and when activated the temperature be up to 23
o
C. (Green Banking 4Life, 2008)
3.4.3.5

Means of transport

As already mentioned above, rail transports are environmentally friendlier and more
affordable than using trucks. Typically, the cooperation of Railex companies and Wal-Mart
has resulted significant benefits for both. The Railex is carrying perishable food company
with trains and Wal-Mart apple industry. The required transports (from Washington to
6

Ministry of Infrastructure, Transport and Networks
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distant US states) made by truck, a method that required lots of money and harm
considerably the environment compared to transport by train. Specifically, the trucking cost
$ 6.163.248 and emitted 4188 tons of CO 2 , while train cost $ 5.46 million and emits1608
tons of CO 2 . (Andrieu & Weiss, 2008)
3.4.3.6

Cooperation during transport

Athens University of Economics conducted a survey associated with companies like BARILLA
HELLAS AE , BEIERSDORF HELLAS A.E. , COLGATE PALMOLIVE Ltd, KPMG ADVISORS A.E. ,
MARS HELLAS, METRO, NESTLE HELLAS A.E. , PLANNING A.E. , PROCTER GAMBLE HELLAS
LTD, AB Vassilopoulos BROS KASSOUDAKI TRANSPORT SA , ELAIS-UNILEVER HELLAS A.E. , it
was concluded that cooperation in the distribution of products offers significant
environmental and economic benefit.
Specifically, instead of transporting goods from individuals companies to their destination
and return empty, cooperation with other companies on nearby routes can reduce the
carbon footprint by 12% and costs by 30%. (Pramatari, Kyriakoula, 2013)

Individual run
supplier, return
with empty
truck

Cooperation
through joint
transport
companies

SupplierRetailer
cooperation
(66%)

100% CO2

-12% CO2

-34% CO2

100% cost

-29% cost

-40% cost

Figure 11: Collaboration during transport - comparing alternatives
Source: Efficiency Consumer Response – ECR
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3.4.3.7

Preference in local products

Food travels hundreds of miles by ships, trains, trucks and airplanes, increasing the amounts
of CO 2 released from burning fossil fuels significantly. In the US, an average miles traveled by
food, to get from the farm to the consumer, is 2000 km (Cunningham & Saigo, 2001). In
1993, a Swedish researcher, estimated that the ingredients of a typical Swedish breakfast
(apple, bread, butter, cheese, coffee, milk, orange juice and sugar), traveled a distance equal
to the circumference of the earth to reach the Scandinavian table. Simultaneously,
consuming local products results fewer trips and less emissions.
A survey conducted in Canada, found that the replacement of imported food with local
products respectively, would save emissions of CO 2 from transport 50000 Mt CO2
(DeWeerdt, 2011).
Eating locally produced food reduces the environmental costs of transport and maintenance;
promoting local products (Green Evolution, 2011). Obviously, limitations to the above are
the climate, different varieties of products, low production of local growers and the already
established trade relations.
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3.5

Food processing

Food processing is highly responsible for GHG emissions due to absolute use of both raw
natural materials and energy that is required for all kinds of transformations towards the
final product. Therefore careful minimizing of waste, either of edible ingredients or even
consumables and of course energy, is undoubtedly of extreme importance.
3.5.1
3.5.1.1

Policies
2013/79/EU

Reducing GHGEs requires measuring them in the first place. The 2013/79/EU Commission
Recommendation “promotes the use of the environmental footprint methods in
relevant policies and schemes related to the measurement or communication of the
life cycle environmental performance of products” (Parliament & Committee 2013)
For this reason the Product Environmental Footprint (PEF) method is required which is “a
general method to measure and communicate the potential life cycle environmental
impact of a product series”.
Data collection template is quite complicated since it hosts all possible available data
concerning production process. Data collection itself is not an easy task especially when
building a PEF report. Key elements of data collecting include:
•
•
•
•
•
•
•

Overview of objectives
Questionnaires
Sources & Quality rating
Product description
Product system analysis
Analytical process stage diagrams
In / Output flows

Specific data sources that are utilized include:
• Process and Plant level consumptions
• Bills and inventory changes of consumables
• Emission measurements
• Product & Waste composition
• Procurement and sales
Generic data sources are usually:
• International/Governmental/Country specific/National or third party databases
• Literature reviews
• International Data Networks
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The above PEF method has potential fields of application:
• Optimization of processes
• Minimizing of environmental impacts along life cycle of product
• Communication of life cycle environmental performance on product labeling
• Setting criteria for ecolabels
Figure 12: Finishing Process Diagram (Parliament & Committee 2013)
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3.5.1.2

IED 2010/75/EU

In the framework of Article 11 of the Industrial Emissions Directive (IED, 2010/75/EU) the
Best Available Techniques (BAT) are referenced, that have also been adopted under the IPPC
Directive (2008/1/EC):
Article 11
General principles governing the basic obligations of the operator Member States shall take
the necessary measures to provide that installations are operated in accordance with the
following principles:
(a) all the appropriate preventive measures are taken against pollution;
(b) the best available techniques are applied;
(c) no significant pollution is caused;
(d) the generation of waste is prevented in accordance with Directive 2008/98/EC;
(e) where waste is generated, it is, in order of priority and in accordance with Directive
2008/98/EC, prepared for re-use,recycled, recovered or, where that is technically and
economically impossible, it is disposed of while avoiding or reducing any impact on the
environment;
(f) energy is used efficiently;
(g) the necessary measures are taken to prevent accidents and limit their
consequences;
(h) the necessary measures are taken upon definitive cessation of activities to avoid any risk
of pollution and return the site of operation to the satisfactory state defined in accordance
with Article 22.
Following the BATs guidelines for the Food Drink and Milk (FDM) sector, several policies are
applied in all aspects of the industrial food processing sphere. The main difference between
certain policies is their binding or suggestive character.
3.5.1.3

International Energy Agency (IEA)

The autonomous organisation International Energy Agency (IEA) has focuses on the
promotion of energy security for its 29 member countries (among which Greece and Italy)
and beyond. Energy policy in every country could help towards climate change mitigation
and provide economic benefits. To this end, IEA has created a portfolio of 25 energy
efficiency policy recommendations for selected priority areas, such as industry (iea, 2011b).
In this framework, IEA recommendations for governments of its member-countries include:
• Adoption of energy management protocols for industries
• Mandate of minimum energy performance standards (MEPS) for electric motors
• Implementation of a package of measures to promote energy efficiency in small and
medium-sized enterprises (SMEs)
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•

Complementary financial policies development for the promotion of energy-efficient
investment

In addition, IEA provides each member-country government with detailed key
recommendations for the promotion of energy efficiency, as well as the decarbonisation of
the economy (IEA, 2009; IEA, 2011a).
Among the cooperations of the IEA, the Expert’s Roundtable on Energy Efficiency Policy
Recommendations for the Arab-SEMED region was of particular importance not only for ten
Arab-Southern and Eastern Mediterranean (SEMED) countries (IEA, EBRD, RCREEE, League of
Arab States, 2014) (See also Annex 1).
3.5.1.4

EU Cohesion policy contribution

The EU Cohesion policy provides funds for important investment possibilities in order to
implement energy policy objectives in Greece, as well as in Italy and that will be
complemented by national public and private co-financing for optimal leverage. In addition,
it supports capacity building, technical assistance and territorial cooperation including the
Adriatic and Ionian Region macro-regional strategy in which Greece and Italy are involved.
3.5.1.5

Industrial Energy-related Technologies and Systems (IETS)

The IEA division of Industrial Energy-related Technologies and Systems (IETS) focuses in
supportive actions for the development and implementation of industrial solutions for
efficient energy techniques, dividing them in separate annexes.
ANNEX IX: ENERGY EFFICIENT SEPARATION SYSTEMS: METHODOLOGICAL ASPECTS,
DEMONSTRATIONS AND ECONOMICS
In close cooperation with industries that are implementing new technologies and are
sending usage data, this Annex focuses in Return of investment (ROI) and energy efficient
methods in order to distinguish them among the less promising ones.
ANNEX XIII: APPLICATION OF INDUSTRIAL HEAT PUMPS
A number of great solutions can be based on proper utilization of heat pump technology in
industrial processing, but the degree of actual installations remains extremely low.
Therefore the ANNEX XIII apart from dealing with the economic/ technical aspect of this
technical solutions team, it also focuses in dissemination of the idea challenges.
Description of the ANNEX XII refers to :
• Generating information for policy makers.
• Developing information for key stakeholders in industry and its supply and
consulting chain.
• Gaining insight on businesses’ decision-taking processes.
• Expanding knowledge and information about industrial heat pumps, creating a
database and making existing information available.
FOODPRINT: LIFE13 ENV/GR/000958

Page 52 | 118

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

•
•
•

Applying new technologies and identifying needs for technological development. Creating a network of experts.
Finding synergy with renewable energy production to increase flexibility of the grid.

So far the Annex has proved that ROI in industrial heat pumps can be shorter than the
industrial two year standard. Temperature limitations can exceed 120°C, while GHG
emissions are dramatically reduced. Furthermore the technology is available-ready in most
developed countries at least.
Still barriers for wide application that the annex is fighting to overcome include:
Lack of combined knowledge:
Significant investments that concern installation of new equipment into industrial processes,
require combined knowledge of both the process and the equipment in mind. Such a
combination is rare when it comes to investors or technical managers. Entrusting an expert
to design the optimum solution would be the best idea, but many industries, especially Small
and Medium Enterprises (SMEs) prefer to postpone such an idea.
Lack of access to heat energy flow data:
Pinch analysis or even the simplest arithmetic method for calculating the optimum heat
pump installation, would require an extended set of heat flow data, in order to provide
proper results. Such data need measuring and measuring is not the usual rule.
Long payback periods:
Comparing buying cost to functioning cost can reveal a lot over investments in equipment.
The high former cost of heat pumps has persuaded most decision makers that the expected
ROI would be too long.
High temperature needs:
Newer refrigerants and better heat pumps have been developed, that can surpass the usual
limitations.
ANNEX XV: INDUSTRIAL EXCESS HEAT RECOVERY
This annex mainly promotes:
• Dissemination and development of state-of-the-art solutions and techniques that
utilize excess heat in industrial processes
• Production of additional components to fulfill scientific and/or technical areas along
with guidelines to be followed by the industrial sector
• Solutions to overcome hurdles that the industrial sector faces while considering
investing in heat recovery techniques
• Recovery of waste heat
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•
•

3.5.1.6

The extension of a knowledge base on this matter
Information exchange between industries with implemented technologies and
interested parties(IETS 2014)

Directive 96/61/EC - IPPC

Integrated Pollution Prevention - IPPC Methodology
Before analyzing available BATs for the industry under focus, the IPPC suggests an
interesting “Methodology for preventing and minimizing water & energy consumption and
production of waste” (Integrated Pollution Prevention 2006)
Such methodologies have the overall aspect privilege and are very helpful to read as an
overview:
Step 1: Obtaining management commitment, organization and planning
It is of absolute significance to acquire management’s commitment and focus in order to
achieve any actual results, when implementing improvement actions planning. Therefore
time allocation is regarded a serious consideration, in order to achieve levels of training and
better understanding for the personnel.
Step 2: Analysis of production processes
Analysis of production processes aimed at the prevention and minimization of:
•
•
•

water consumption
energy consumption
waste production

Water consumption refers to clean water which is “vital for food safety as it is used to clean
and sanitize floors, processing equipment, containers and ingredients, and can account for
up to 70% of a company’s water use”. (FoodDrinkEurope 2012a). But also waste water
needs treatment, thus energy is spent and GHG are emitted.
Energy consumption is controlled by two factors:
•
•

energy management
process optimization

The following ICAA plan, depicts the potential of improvements that these two factors can
achieve. Zero material cost, can often target and succeed with 15% reduction of energy cost,
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Figure 13: Reduction in Energy Consumption (ICAA 2002)
Waste production is perfectly put by the UK Food and Drink Federation:
“Food waste not only wastes the resources used in production of the food, but also adds to
total greenhouse gas emissions through decomposition. As a result it undermines the efforts
both to use resources more efficiently and to improve food security.”
Prevention of food waste remains on top of preferred actions in regard. And it seems that
internal efforts are being held since:
•
•
•

60% of organizations implement this fact inside their sustainability strategy
55% of organizations train their employers to optimize production by this principle
Vast majority of the food sector already optimizes their production systems to
reduce waste

The Belgian food industry federation, FEVIA (Fédération de l’Industrie Alimentaire), along
with Horeca Vlaanderen, through an 18 month long project for companies of the food
industry, organized training workshops on preventive measures, tools and techniques that
companies can take against food loss.
Identification and measuring of food waste in production processes is a milestone target.
The Association National des Industries Alimentaires (ANIA), company members of the
European Dairy Association focus intensely to measure and minimize product losses during
processing, implementing measures like waste audits. Dairy companies aim to keep losses to
a minimum, by training staff at specific stages production. Measures are also taken to
improve route efficiencies in order to reduce damaged and returned products.
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Figure 14: Food waste prevention is top priority in processing techniques (FoodDrinkEurope
2012b)

Step 3: Assessment of objectives
A time schedule of discrete objectives is needed for proper monitoring of the changes
implementation plan and later evaluation of success rate.
Step 4: Identifying prevention and minimization options
Limitations of good knowledge of processing techniques can be quite difficult to overcome.
The usual in-house know-how is not sufficient for advising on great changes. External help
can be helpful, while internal investigation and newer calculating methods will supply
significant aspects for long brain storming sessions
Pinch technology
“Pinch Analysis (also known as process integration, heat integration, energy integration, or
pinch technology) is method for minimizing the energy costs of a chemical process by
reusing the heat energy in the process streams rather than outside utilities.
The process requires three pieces of data from each process stream: The heat load
(enthalpy) in kW or Btu, the source temperature in °C or °F, and the target temperature in °C
or °F. The data from all streams are combined in order to create plots of enthalpy against
temperature, called composite curves. Four composite curves are needed, curves for the hot
and cold process streams, a combined plot of both the hot and cold composite curves, and
the grand composite curve. From the combined curve plot we can see the region where the
distance between the hot and cold curves is at a minimum, this region is called the pinch
point. This provides an important constraint for the design of our heat exchanger network, it
is only after this constraint is determined that we can design a heat exchanger network that
can meet our ideal minimum energy requirements” (Umbach 2010).
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Pinch analysis is to be applied by experts, but there are also free online tools that can
support the required calculations.

Figure 15: Typical hot and cold composite curves in Pinch analysis (IPIECA 2006)

Expectations from application of Pinch Analysis, can be quite important (IPIECA 2006):
•
•
•
•

Energy efficiency improvements up to 25%
Reduction of GHG
Reduction of size and number of heat producing (steam/hot water/hot air) new
units
Improved energy efficiencies and debottlenecking through retrofitting

Step 5: Carry out an evaluation and feasibility study
All three aspects of evaluation namely technical, economical and environmental are
required within this step, in order for screening the various options available for
improvement actions. A team of experts, managers and staff can discuss these options one
by one. Finally a feasibility study will be needed for the selected actions.
Step 6: Implementing the prevention and minimization programme
The action plan is next. According to IPPC guidelines, this step should include requirements
such as:
• Data logging of energy consumption
• Relating energy consumption to production and/or other relevant parameters
• Deciding on targets for energy consumption
• Evaluating the target successfulness
• Reporting
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•

Taking further action if the real energy consumption deviates falls behind target
consumption

Step 7: Ongoing monitoring by measurement and visual inspection
Parameters that can be measured or visually monitored, are the basic means of evaluating
the success rate of implementing new technology schemes in an industrial unit. Therefore it
is important for industries to allocate such a responsibility internally through management,
thus acquiring an important information path for their ongoing energy efficiency progress.
Such tasks should be implemented in the industrial routine checks and all such data should
be addressed to the responsible management entity.
Data logging is never enough though. Data analysis and proper presentation though is
required in order to produce easy to comprehend charts, reports and maps, that are always
important supportive tools for decision makers. (Integrated Pollution Prevention 2006)
Greek Selection of IPPC BATs
The following Table summarizes the proposed Best Available Techniques for the subsectors:
Pastry, fresh food products – Rusk products and biscuits as well as preserved
pastry/confectionary goods
Table 3: Proposed BATs (Directive 96/61 / EC for Integrated Prevention and Control of
Pollution (IPPC) - Greek Suggestions for Best Available Techniques Food Industry, 2001)
Technique
Adoption of good operating practices

Implementation
•
•
•
•
•
•
•
•
•
•
•

Employees training for Prevention and Control of Pollution
as well as Water and Energy Saving.
Strict observance of hygiene rules in the installation units
Control and maintenance of equipment
Detection and Leak Prevention
Using only the required amount of water for cleaning
floors and machines
Insulation hot water networks or vapor to reduce heat
loss
Combustion Flue Heat Recovery
Reuse condensate vapor for saving water
Reduce water consumption through water recycling
systems (particularly cooling water).
Use good quality water (reduced hardness) to reduce
chemical use.
Replacing fuel oil with natural gas (significant reduction of
air pollution, particularly in soot and sulfur dioxide).

Organization, planning control and

Supplier control in order to improve quality of supplied flour and

selection of raw materials

other substances, so as to satisfy quality hygiene requirements and

Improve inventory and storage

reduce waste production.
•
Inventory of transported substances and materials at
regular intervals
•
Use of capacity sufficient storage space.
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Technique

Implementation

Optimization - modification of

•

processes

•
•

Optimization of cleaning systems

Construction of airtight spaces around points of
processing, where flour is transported.
Low energy transfer systems.
Saving energy content of waste gases from furnaces with
heat exchanging devices.

Use a nozzle under pressure with automatic closure of providing
hoses that are used for space washing.

Recycle-Recovery-Reuse

Examination of recyclable packing materials.

Use of waste (liquid and solid) as

Need to examine use of by-products as animal feed.

useful raw material in other industries.
Research on pollution prevention and
use of by-products
Segregation of waste streams

Do not mix rain water to washing facilities waste water.

Proper choice of greenhouse gas

If existing equipment does not cover the established boundaries by

processing shape, proper design,

the state should be selected and Design End Processing Scheme gas

control and operation of gas treating

treatment (Cyclones and Filter bags for Particle retention) and

units

attempt to re-use.

3.5.1.7

EMS - EU Emission Trading Scheme

Another policy applied for producers that operate larger than 20 Mega Watts burners, is the
EU Emission Trading Scheme (EU EMS) which is not voluntary of course and expects drastic
improvement of GHG emissions 21 % by 2020 referring to 15 years back.
Environmental management Policies
The scope and nature of the EMS will generally be related to the nature, scale and
complexity of the installation, and the range of environmental impacts it may have. Such
policies direct:
 definition of an environmental policy for the installation by top management
 planning and establishing necessary procedures
 implementation of the procedures, paying particular attention to structure and
responsibility
training, awareness and competence
communication, employee
involvement, documentation, efficient process control , maintenance programmes ,
emergency preparedness and response, safeguarding compliance with environmental
legislation.
 checking performance and taking corrective action. This should be done by paying
particular attention to monitoring and measurement, corrective and preventive action,
maintenance of records, independent internal auditing. The latter could determine
whether or not the environmental management system conforms to planned
arrangements and has been properly implemented and maintained.
 review by top management.
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Supporting measures
According to BREF (http://eippcb.jrc.ec.europa.eu/reference/BREF/wt_bref_0806.pdf) three
further features, which can complement the above stepwise, are considered as supporting
measures, and their absence is generally not inconsistent with BAT. These three
additional steps are:
 "having the management system and audit procedure examined and validated by
an accredited certification body or an external EMS verifier"
 "preparation and publication (and possibly external validation) of a regular
environmental statement describing all the significant environmental aspects of the
installation, allowing for year-by-year comparison against environmental objectives and
targets as well as with sector benchmarks as appropriate"
 "implementation and adherence to an internationally accepted voluntary system
such as EMAS and EN ISO 14001:1996". This voluntary step could give higher credibility
to the EMS; however, non-standardized systems can in principle be equally effective
provided that they are properly designed and implemented.

3.5.1.8

Best available techniques in food production

based on Reference documents

under the IPPC Directive and the IED (BREFs)

There are also general policies in place, that apply to various stages such as the following:
• Design selection and dimensioning of equipment, which optimize consumption and
emission levels and facilitate correct operation
• Operate regular maintenance programs
• Apply and maintain a methodology for preventing and minimizing the consumption of
energy incorporating: obtaining management commitment, organization and
planning, analysis of production processes, including individual process steps to identify
spots of high energy consumption and GHGEs and identify opportunities to minimize
them, taking into account the requirements for each application, hygiene and food
safety
• Carry out evaluation and a feasibility study plus an ongoing monitoring of energy
consumption and GHGE production levels
• Implement a system for monitoring and reviewing consumption and emission levels for
both individual production processes and at site level
• A good knowledge of the process inputs and outputs is required to identify priority
areas and options for improving environmental performance (records of operating
conditions, sampling and analytical methods)
• Apply production planning to minimize associated waste energy and cleaning
frequencies
• Avoid using more energy than needed for heating and cooling processes, without
harming the product
• Optimize the application and use of process controls (e.g. sensors) to prevent and
minimize the consumption of energy
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•
•

Use automated water start/stop controls to supply process water only when it is
required
Select raw materials and auxiliary materials which minimize the generation of
solid waste and harmful emissions to air and water

Over specific processes in food production there are special policies that apply:
 Frying: Recirculate and burn exhaust gases is required
 Preservation in cans, bottles and jars : Application of filling systems incorporating
closed-circuit recycling of spilled liquids is required
 Evaporation: Multi stage evaporators that implement vapor recompression related
to heat and power availability in the installation, to concentrate liquids.
 Freezing & refrigeration: Forbid using halogenated substances as refrigerants, avoid
over cooling of cold rooms, optimize the condensation pressure, keep the condenser
HX clean, protect thermodynamic properties of air cooled condensers, optimize the
condensation temperature, use optimum defrosting techniques of whole system,
especially evaporator HX, avoid automatic defrosting during short production
stops, minimize transmission and ventilation losses from cooled rooms and cold
stores.
 Cooling: Optimize the operation of cooling water systems to avoid excessive blow
down of the cooling tower, install plate heat-exchanger for pre cooling ice-water
with ammonia, recover heat from cooling equipment. (Khan et al. 2012)
Furthermore, there are complimentary policies as follows:
A. Energy production and utilization policies
• CHPs are to be installed wherever possible
• Heat pumps use for heat recovery
• switch equipment off when it is not needed
• Minimize motors loads and motor losses
• Use variable speed drives to reduce the load on fans and pumps and frequency
controllers on motors
• Apply thermal insulation, e.g. of pipes, vessels and equipment used to carry,
store or treat substances above or below ambient temperature and to
equipment used for processes involving heating and cooling

B. Compressed air systems
• Review the pressure level and reduce it when possible
• Optimize air inlet temperature
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C. Steam production policies
• Minimize condensate return and flash steam losses
• Isolate unused pipe work
• Maintain or substitute with better steam traps
• Minimize steam leaks
• Avoid boiler blow down

D. Air emissions Control policies
Air emissions arise from various sources during processing and cleaning and from the drying
of FDM materials. Air emission abatement techniques can be made, if further control is
required by incorporating: definition of the problem, an inventory of site emissions,
including, e.g. abnormal operation measuring the major emissions.
Assessing and selecting the air emission control techniques collect waste gases, odors and
dusts at source and duct them to the treatment or abatement equipment optimize the
start-up and shut-down procedures for the air emission abatement equipment to
ensure that it is always operating effectively at all of the times when abatement is
required unless specified otherwise, where process-integrated BAT which minimize
airemissions by the selection and use of substances and the application of techniques do not
achieve emission levels of 5 – 20 mg/Nm 3 for dry dust, 35 – 60 mg/Nm 3 for wet/sticky
dust and <50 mg/Nm 3 TOC, to achieve these levels by applying abatement techniques. This
document does not specifically consider emissions from combustion power plants in
FDM installations and these levels are, therefore, not intended to represent BAT
associated emission levels from those combustion plants. Some air abatement
techniques are described in future Sections of the report.
Where process-integrated BAT do not eliminate odor nuisance, apply abatement
techniques. Many of the techniques are applicable to odor abatement.
Wherever storage cannot be avoided, minimize storage times and where weather
conditions do not increase the speed of degradation and/or harm the quality, avoid
refrigeration by storing fruit and vegetables and their by-products which are intended for
use as animal feed, outdoors in a clean covered area or in containers apply dry separation of
rejected raw material from the sorting step and solid residues (e.g. in sorting, trimming,
extraction, filtration steps)
Collect soil in sedimentation and/or filtration steps instead of washing into the WWTP, peel
fruit and vegetables using a batch steam process or a continuous steam process not
using cold water to condense the steam and, if for technological reasons steam peeling
cannot be applied, use dry caustic peeling, unless the recipe requirements cannot be met if
either of these techniques is used (Valta et. al, 2014).
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After blanching, cool fruit and vegetables before freezing them by passing them through
cold water, optimize the re-use of water with or without treatment, depending on the unit
operations which require water and the quality of water these require, ensuring that
adequate hygiene and food quality standards are maintained (Valta et. al, 2014).
E. Special GHGE related policies for dairies
In addition to the general BAT, specifically for dairies BAT is to do the following:
1)
2)
3)
4)
1.
5)
6)

7)
8)

9)

partially homogenize milk
replace batch pasteurizers with continuous ones
use regenerative heat exchange in pasteurization
reduce the required frequency of cleaning of centrifugal separators by
improving the
preliminary milk filtration and clarification
use just-in-time “component filling” to avoid losses and minimize water pollution
maximize the recovery of diluted, but otherwise uncontaminated, product from
CIP initial rinses, HTST start-up, shut-down and change-over and from the rinsing of
other equipment and pipe work by online detection of transition points between the
product and the water phase. This can be done by, e.g. measuring the volume
using flow or density transmitters; measuring the density using conductivity
transmitters and using scattered light turbidity sensors to differentiate water from
the product
for large dairies with highly branched tubing, use several small CIP systems instead
of a centralized CIP system
re-use cooling water, used cleaning water, condensates from drying and
evaporation, permeates generated in membrane separation processes and final
rinse-water after the treatment, if any required, to ensure the level of hygiene
necessary for the re-use application (Valta et. al, 2014).
achieve the levels based on achieved levels reported by the TWG. The ranges
reported reflect a variety of conditions under which installations operate. Energy
consumption levels may vary due to, e.g. production volumes. Warm climates
may use more energy for cooling and vice versa. Water consumption and waste
water emission levels may vary due to, e.g. different product portfolios, batch sizes
and cleaning. The waste water emission level may be lower compared to the
water consumption level because many dairies measure the intake of cooling water,
often from their own wells, but then discharge it unmeasured. In warm climates
water may be lost due to evaporation.
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3.5.1.8.1

BAT for Milk powder:

To produce powdered milk use multi-effect evaporators, optimizing vapor recompression
related to heat and power availability in the installation, to concentrate liquid milk before
spray drying, followed by FBD, e.g. integrated FDB.
Achieve the consumption and emission levels shown in following Table:
Table 4: Consumption and emission levels associated with the production of milk powder
from 1 litre of received milk (Integrated Pollution Prevention 2006)

3.5.1.8.1.1

BAT for buttermaking

1) remove residual butter from pipework using a cooled butter block pushed by
compressed air
2) rinse the cream heater with skimmed milk before cleaning it
3.5.1.8.1.2

BAT for cheesemaking

1) use the heat from warm whey for preheating cheese milk
2) maximize whey recovery and use
3) segregate salt whey (not to be mixed with sweet or acid whey)
4) reduce fat and cheese fines in whey and screen liquid streams to collect fines
5) minimize the occurrence of acid whey and drain the top or platform of the salting vats to
avoid brine spillage to the WWTP
6) to produce whey powder use multi-effect evaporators, optimizing vapor related to heat
and power availability in the installation, to concentrate whey before spray drying, followed
by FBD, e.g. integrated FDB.
3.5.1.8.1.3

BAT for ice-cream manufacturing

1 achieve the consumption and emission levels shown in following Table.

Table 5: Consumption and emission levels associated with the production of 1 kg of ice
cream (Integrated Pollution Prevention 2006)
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3.5.1.8.2

BAT for the sugar sector

1) use evaporator condensate for sugar extraction from sugar beets
2) avoid drying sugar beet pulp if an outlet is available for pressed sugar beet pulp, e.g.
animal feed; otherwise dry sugar beet pulp using steam driers or using high temperature
driers, combined with measures to reduce emissions to air. In HTD possible measures to
reduce emissions to air include, e.g. minimizing the quantity of small beet particles dried,
drying to a maximum dry matter content of 91 %, mechanical pressing of pulp prior to
drying, minimizing the quantity of added molasses before drying and optimizing the
operation of cyclones and spray scrubbers.
3.5.1.8.3

BAT for the coffee sector

1) when roasting coffee, recirculate air from the roaster back into the roaster
2) when roasting coffee, where process-integrated BAT which minimize air emissions by
the selection and use of substances and the application of techniques do not achieve
emission levels of 5 – 20 mg/Nm 3 for dry dust; <50 mg/Nm 3 TOC for light roasted
coffee (this level is more difficult to achieve as the darkness of roasting is increased); to
achieve these levels by applying abatement techniques.
3) in instant coffee manufacturing, use the waste heat from the hot liquid coffee extract to
heat the process water prior to extraction and use countercurrent heat-exchange to use
the heat from spray drying within the roasting sector.
3.5.1.8.4

BATs to reduce greenhouse gas emissions

Reduction in Greenhouse Gas Emissions from Production processes, Distribution, Storage
Materials:
• When solid materials are air transported in a closed system, ensure least losses in
material and minimize leakages.
Reduction in Production Process Gas Emissions Combustion:
• The use of low sulfur fuel ensures the reduction of emissions of sulfur dioxide.
3.5.1.8.5 BATs to reduce the volume and improve the quality of waste
Production Products (crumbs) from Solid Waste Production Process: Part of the
manufacturing process of most bakery industries is the production of crumbs (which or
marketed – breadcrumbs scrap which are marketed as breadcrumbs etc. or marketed as raw
materials for chilled meat products industries and most of these losses, but not the loss of
production yeas, may be used in this manner).

FOODPRINT: LIFE13 ENV/GR/000958

Page 65 | 118

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

Solid Waste Product Returns: Trial Management Waste Techniques are either directly
available to companies for final disposal as animal feed or after packaging and possibly
pretreatment removal processes (eg cutting, further processing) available for animal feed.
3.5.1.8.6

BATs for the treatment and disposal of gas emissions

Analysis of processing gases applied in bakery systems exhibits the variety and
diversification of classic gas emissions treatment systems from boilers.
3.5.1.8.7

BATs for the treatment and disposal of liquid waste

The analysis of treatment systems (and disposal) of liquid waste that can be applied to
pastry and flour industry show the variety and diversification of classic liquid waste
treatment systems. As mentioned above, the quality and quantity of wastewater of these
industries comes from washing and do not constitute a major problem.
3.5.1.8.8

BATs for the treatment and disposal of solid waste

As mentioned above, the quality and quantity of these industries waste (excluding any
sludge, production losses and returnable products) are of similar nature to municipal waste
and can be carried in a conventional manner.
Apart from the aforementioned some additional BATs are included in specific chapters of
this Deliverable, namely Chapter 3.5.3.This Chapter has been structured based on the Best
Methods and Techniques available in order to reduce GHGEs in food processing industries.
3.5.1.9

Directive 2002/91/EC

In this chapter we ought to make clear that general GHGE responsible factors for every
building, do apply for industrial buildings as well, since all equipment dedicated to food
processing, are housed in buildings.
Directive 2002/91/EC on the Energy Performance of Buildings aims to rational use of fossil
fuels, including petroleum products, natural gas and solid fuels. Therefore, energy
performance of buildings is a paramount purpose, taking into account outdoor climatic and
local conditions, interior climate requirements, thermal characteristics of the building,
heating and air conditioning systems, ventilation and shading and sun screen systems as well
as economic criteria which depend on the cost-benefit ratio.
This directive requires Member States:
• To develop an integrated methodology for calculating the energy performance of
buildings.
• To implement minimum requirements on the energy performance of new buildings,
• To implement minimum requirements on the energy performance of large existing
buildings (over 1000 m2), largely renovated (over 25%).
• To inspect boilers on a regular basis.
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•
•

To inspect conditioning systems on a regular basis.
To issue energy certification of buildings.

Member States should have been complies with directive 2002/91/EC by January 2006.
3.5.1.10 EMAS - Voluntary GHG reduction policies

One of the leading EU industrial sectors that have implemented the European EcoManagement and Audit Scheme (EMAS) is the food manufacturing (European Comission &
EMAS 2011). Several other tools, company efforts or certification suppliers like the ISO
14001 standard are utilized to promote with internal rules and targets the GHG emissions
diminishing.

Figure 16: The food industry has already achieved decoupling of GHG emissions and production
(European Comission & EMAS 2011)
According to Eurostat, increase of food industry production by 29% was followed by a
dramatic absolut decrease of GHG emissions by 18%. This direction has a large list of
dedicated supportive organization/tools like the Carbon Trust Standard, The Carbon
Disclosure Project, the Global Reporting Initiative or the GHG Protocol. (FoodDrinkEurope
2012a)

3.5.2

GHG emissions sources in food processing industries

The table below demonstrates the results from a recent research conducted by the
European Commission for the greenhouse gases emissions from food production.
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Table 5: Greenhouse gases emissions during food production
Source: EC, 2010, unpublished

It is obvious that industrial food production is held predominantly responsible for GHG
emissions of the whole “food life cycle” as it surpasses all other stages while it includes a
series of inner stages, namely food processing, packaging and transportation (Bakas, 2010).
According to chart, food processing also holds the lion’s share among other two industrial
stages in regards with GHG emissions. Focusing in our targeted analysis the emissions can
generally be allocated to 4 basic sources, based on the following targets:

Figure 17: Carbon emissions is a direct, obvious source of GHGs. Other emissivity factors are
indirect and have to be carefully searched and spotted 7. (DEFRA 2006)

7

Sustainable Operations on the Government Estate (SOGE) Targets by the UK Sustainable Procurement Action
Plan
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While direct GHG emissions from the food processing stages inside the factory are mainly
sourced from fuel combustion units, waste materials & water are also bearers of GHG
equivalent emissions.

Figure 18: Categorizing emissions to energy and non-energy related, is a common principle
followed by researchers of the sector. (Renz et al. 2014)
In this chapter our focus of tracking GHGEs will be upon energy related emission sources
within the food processing techniques (Renz et al. 2014)
Almost every single process step of food production in an industrial facility consumes
energy. Thus energy efficiency is a significant key to GHG emissions’ reduction.
Two basic energy forms are required to allow functioning of various styles of production
steps: Heat power and electrical power.
Whenever heat power is not based on electrical consumption (as in ohmic resistors,
microwave and IR radiators or electrical compressor-based heat pumps) it can be sourced
from fuel combustors or solar collectors.
Of course same final process step can be based on different techniques (with altered GHGEs
character), therefore a single process could be allocated to both energy source teams.
e.g. Melting (thawing) a solid substance needs heat. This heat can come either from an
ohmic electrical resistor, or a heat exchanger that receives heat from a flowing heating
medium. Heating mediums are usually heated centrally and the heating power could be
sourced from electrical resistors (again) or a fuel combustor or a heat pump or even a solar
heater.
3.5.2.1

Fuel combustion GHG sources

Different types of fuel can be used in different types of combustion machines. In general
liquid and gas are burned in similar burners or engines, while solid fuels are more
complicated, not easy to implement in all cases.
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3.5.2.1.1

Liquid and Gas fuel Engines

Internal Combustion Engines (ICEs) are by principle transformers of chemical (fuel) energy in
mechanical (rotational- kinetic) energy form.
Due to low overall efficiency they only serve as back-up electrical generators in industrial
facilities. On the other hand, when their excess heat is recovered (by cooling the engine +
flue gases heat) they have impressive overall efficiency and they become a very appealing
investment. In this late case the term that describes the technology is: Combined Heat and
Power (CHP).
Other uses of such engines can offer mechanical power for the functioning of a mechanical
compressor. Low efficiency makes this a bad choice for e.g. air compressors. But utilization
of compressor for refrigeration cycle is an efficient solution since cool side of the heat pump
can be used for cooling or freezing needs while the hot side combined with excess heat (of
the engine cooling + flue gases) can cover medium temperature heat demands.
Similar options are available for a more complicated -rare in the food sector- type of engines
called “jet engines”. Due to their high installation cost they are not a standard choice but
they have plenty advantages when their flue gas heat is recovered next to the electrical
power production as CHP generators.
3.5.2.1.2

Burners of Solid, Liquid or Gas fuels

According to the heated medium, several cases can be distinguished between technologies
for utilization of combustion heat.
Generally the most frequent heat transfer mediums are:
•
•
•
•

Water (superheated or not)
Steam (superheated or not)
Diathermic oil or similar fluids
Air or similar gases

Due to food safety precautions almost in all cases, indirect heat transfer between flue gases
and selected heat medium takes place. Properly designed heat exchangers (HXs) of every
size and geometrical form are utilized in order for heat to be drastically conducted through
HX materials to the heated medium.
This fact has lead research and technology experts in a race to extract the maximum possible
heat out of the flue gas stream in order to boost overall efficiency of the regarded process
and achieve taking advantage of the High Heating Value (HHV) potential of the fuel in use.
This race has quite some hurdles though, since recovering more heat (thus cooling) flue
gases, leads to temperatures close to flue gas condensing point.
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According to fuel composition, condensing of flue can be quite hazardous unless proper
measures are taken and proper technologies are applied.
When Sulfur is present in the fuel (e.g. oil, crude oil, natural gas, LPG, mazut or even some
types of solid fuel) combustion products include SO2 and H2O that together form H2SO4
(Sulfuric Acid) which is extremely corrosive even at small concentrations. When temperature
of flue gases drops below safety limit, corrosion can drastically destroy upper parts of the
chimney initially (where flue temperature is even lower) and progressively can reach and
corrode even surfaces of the combustion chamber itself.
Successful techniques suggest special materials that can withstand corrosion (such as
ceramic alloys) at least on the HX surface side that comes in contact with the flue gases.
Such techniques are applied in flue gas streams that come from : CHPs, ICEs, ICECompressor-driven heat-pumps and of course heat generating combustion burners.
These techniques consider means of recovering and neutralization of the condensation flow.
3.5.2.1.2.1 Water medium
Heating water as the heat transfer medium, by sourcing heat from combustion burners, is
one of the most frequent techniques. The principle equipment utilized for this reason is
generally called “water boiler” and a large series of additional components are cooperating
to fulfill the heat transfer goal according to safety guidelines. The pressure inside the boiler
and water pipes is usually not too high (2-3 bars) while temperature has to remain below
boiling point.
In some cases (e.g. for recovering valuable components from materials, such as cereals,
vegetables, fruit and oil-rich crops or to make selective extraction possible) superheated
water (temperature between 100°C and 374 °C) is utilized. In this case all components are
differently selected and sized. (Hammond 2015)
3.5.2.1.2.2 Steam
Phase change of water from liquid to vapor requires large amounts of heat (latent) that can
be transferred long distance in large pipe networks covering excessive production process
needs.
Two cases are possible regarding the steam network:
a) Steam condenses in the allocated heat exchangers where heat is consumed in
specific processes. The condensed steam returns through a second system of smaller
diameter pipes to a “return” vessel in order to re-enter the steam generating
equipment and regain heat thus becoming high pressure steam again. This is a
“closed loop” system.
b) In some processes where special requirements like high temperature sterilization
are present, the steam itself (the term is “live steam”) comes in contact with the
processed food giving off its heat and becoming liquid. Next, the liquefied water
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remains inside the food package (e.g. glass vase or can) or drains down as brown
water or dries away as exhaust vapor. This is a “live steam” system.
While case (b) requires a significant flow of fresh water (the term is “make-up water”)
that feeds the steam generator, even in case (a) fresh water is almost constantly added
to the system. This exact low temperature flow is a perfect chance for implementation
of heat recovery from various waste heat streams, since it is ideal for a significant
temperature difference that is the main driving force for passive heat transfer in all
kinds of heat exchanging.
Several benefits of higher than boiling point temperature steam (term: “superheated
steam”) are acknowledged when in direct contact with food, in drying processes.
Although tests should be conducted to guarantee the final product quality, any direct
dryer can be retrofitted with superheated steam.
An important fact should be noted though. High pressure steam is often utilized for
generation of CHP too:
Initially the steam is driven through a passive rotor (steam turbine) that generates
electrical power for the needs of the industrial facility. There, pressure is reduced
(kinetic energy is absorbed).
Secondly, lower pressure steam is driven to allocated processes within the production
lines as described above.
Due to the high cost of turbine components such installations are mostly considered for
larger utilities that function many hours per year. (EBZ (Hellenic Sugar Industry) 2015)
3.5.2.1.2.3 Diathermic oil
When processes require temperatures of the 300C range, the chosen medium is sought
between Diathermic oils, according to specifications. e.g. Mediums that are regarded
safe for “incidental food contact” — brine, potassium formate (KF), polyalphaolephin
(PAO) and highly refined, severely hydrogenated paraffinic white oils – or mediums that
are made so foul that any contamination would make the food or additive that is heated
inedible. By their nature, aromatic chemistries used for higher temperatures have a
strong, pungent odor, especially when heated (Frentzos 2015).
3.5.2.1.2.4 Air/gases
Due to contamination hazards direct contact of fuel combustion flue with food, should
be avoided. Therefore air/gases are heated for process needs with the utilization of
various types of gas/gas HXs. One of the most widespread uses of heated air is for
dehydration purposes whether described as ”drying” or “baking”.
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3.5.2.2

Electrical consumption GHG sources

Instead of entering endless details it seems wiser to initially focus in general description
of electrical power consuming devices, without connecting them directly to each final
food process.
Electrical power is mainly utilized for 3 types of loads:
•
•
•

Resistive (R)
Inductive (I)
Capacitive (C)

In fact there is no electrical load that is purely R or I categorized. E.g. When we require
kinetic energy from a motor that revolves in order to move a belt that carries products,
this motor according to its construction properties will carry except from the induction
(desired) load, part of a resistive one that is expressed as loss, in the form of heat
dissipated to the surroundings.
For simplification reasons we would prefer to categorize electrical loads according to
types of use in these categories:
•
•
•
•
•
•

3.5.2.2.1

Ohmic / InfraRed / Microwave
Refrigeration/Heat pumps
Compressed Air
Light
Motion motors
Automation& Control support

Ohmic / IR / Microwave GHG sources

3.5.2.2.1.1 Ohmic Resistor
As described in the fuel sector, heating needs are widely spread in the food processing
factory. Very often and for a large list of reasons ohmic resistor based heaters are selected,
which is proven to be of lower installation but higher functioning cost solution. The uses are
endless and extend from central hot water /steam/diathermic oil production utilities to
small dedicated dosage product pre-heaters or adhesive glue spot-heaters for packaging
devices. Also electrical furnaces, ovens, driers, containers, food tanks, seasoning containers,
melting devices can include ohmic resistors as primary or back up or even precise
temperature heaters, for the successful conditioning of high accuracy demanding thermal
processes.
3.5.2.2.1.2 IR heaters
IR radiation is chosen for a series of food processes that require a surface finishing.
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3.5.2.2.1.3 Microwave
Microwave technology is gaining interest of food process technology developers since it
gathers several advantages. Especially drying processes that can become highly energy
intensive, have met with new technological options through microwaves, that increase their
energy efficiency and speed of process.
3.5.2.2.2

Refrigeration & heat pumps

3.5.2.2.2.1 Refrigeration
For many years the cooling effect of the so called “cooling cycle” has been based on
electrical motor driven compressors. The compressor’s main task is to suck & compress and
thus cause low & high pressure in order to forcibly evaporate a special refrigerant from
inside a dedicated HX (called evaporator) which gets cooler. This basic principle, when
applied, consumes electrical energy which equals approximately 30% of the thermal energy
transferred from its surroundings to the cooled HX.The practical uses of this technology are
endless. According to the “surrounding” medium around the evaporator, various (gas or
liquid) mediums can be cooled down. In case of temperatures lower than 5 degrees Celsius,
water is avoided and glycol (of low freezing point ) is selected.
3.5.2.2.2.2 Heat pumps
It is only in the late years that the other side of this cycle is focus targeted. The compressed
refrigerant yields the transferred heat (the one that is absorbed by the evaporator HX) at
high temperature and also the motor heat load (mechanical friction + resistive load) has to
be dissipated. This means that there is a high temperature side on each cooling device while
this heat has to be expelled.
The hot HX holds the gaseous refrigerant, designed to promote its cooling so it condenses
(HX term: Condenser). The condenser heat has mostly been considered as waste heat. This
can be accepted in a “zero heat need” place, but not in a food factory. Lately, the technical
world by the opposite way of looking at the cooling cycle has developed the widely used
term “heat pump”.
A range of components of the cooling/heat pump cycle, namely compressors, HXs,
expansion valves, controllers, refrigerants as well as a great range of desired conditions or
limitations, lead to a great variety of results in terms of efficiency of the real installation of
an industrial heat pump in a factory.
Starting with a deep freezer that functions in a high temperature surrounding, the efficiency
(coefficient of performance COP = Q/W Q: Transferred Heat W: Work of the heat pump)
can be as low as 0.7 while in a properly designed system both cooling and heating power
can be utilized thus the benefit is doubled and COP can be greater than 7
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(COP=Qc+Qh+W/W Qc=Qh: Transferred heat W=Qw : Work of heat pump becomes heat
too and can be utilized to a high degree).
3.5.2.2.3

Compressed Air

Most food processing industrial plants and production lines are designed and work with the
support of compressed air. Apart from the main compressor design and dedicated motor
consumption, little significance lies on the electrical consumption of secondary systems like
automation electrovalves. But there is a large potential in the compressed air network
maintenance for minimization of losses that can lead to a surprising impact to GHGEs.
3.5.2.2.4

Light

Light requirements are important especially due to safety health and work efficiency reasons
in a food processing establishment. Lately developed solutions are of impressive results in
energy and consequent equivalent GHGEs reduction while their cost has dropped to a
degree that Return of investment ROI requirements of even the most demanding investors
are easily met.
3.5.2.2.5

Electrical motors

They are everywhere in a food processing factory. They are electrically driven, quite efficient
if properly sized/chosen. Usually their age is the most decisive factor of efficiency.
Controlling their Revolutions Per Minute (RPM) according to load needs can improve their
equivalent GHG emissive behavior, but since the cost of Variable Frequency Drives (VFD)
that act as rotation speed controllers is quite big, only large consumers (thus larger motors
or motors that work long hours) are usually considered for improvement make up. The cost
factor is changing lately though and many businesses decide investments on motor drive
technology as we will see in the case studies.
3.5.2.2.6

Automation & Control support

Automation systems are not usually considered as important GHGE bearers themselves
(electronic chips, screens, electrovalves, actuators, relays etc. are very low power consumers
comparing to other process oriented equipment). But their role in energy management is
vast, since control logic is a key factor in the whole energy conservation mentality.
Reconsidering every detail of the process programming routines is crucial and large part of
an energy audit should focus in this direction finally, in order to establish an energy saving
orientation logic-filter for all the factory principles especially the processing methods and
their limitations. Where a button is placed, why a siren is silent and how a switch placing is
determined, has to be asked and answered.

FOODPRINT: LIFE13 ENV/GR/000958

Page 75 | 118

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

3.5.3
3.5.3.1

Best Methods and Techniques to reduce GHGEs in food processing industries
Managerial strategies

Avoid cleaning procedures
When the same production line is used for processing different products, the required
“cleaning interval” is equal to energy and material loss (product, water and chemicals are
used for cleaning) and its frequency should be kept minimum.
Minimize storage time
Refrigerated materials will require less energy when kept for shorter time. This time is
connected to management decisions which should be based on statistic data and nowhere
else.
Minimize thermal exposure time
Cooling or heating processes can be optimized in terms of energy consumption in a variety
of ways that reduce their application time. E.g. Frying potatoes becomes easier (shorter in
time) if hydration is applied first.
Start up and shut down procedures
Usually such procedures consume larger than the usual energy resources. Therefore
optimizing or even avoiding them e.g. with proper production programming, is essential.
E.g. Boiler burners have a significantly lower thermal efficiency during start-up, which equals
to lost fuel. Most times continuous operation / production is preferred.
3.5.3.2

Controlling and automation of processing equipment

Sensors
The information flow in a processing utility is as much important as the production flow
itself. In industrialized productivity, implementation of the best techniques is cancelled
without proper collection , analysis and real time transfer of output results back to process
auto-actuators. All this means that sensors operability is crucial:
Temperature, pressure, flow, humidity measuring and similar physical and chemical nature
readings should be easily accessible both electronically and visually for safety and control
management reasons.
Food processing being a delicate sector, has even more parameters important for
monitoring that can play a significant role in control and automation: pH, conductivity,
turbidity, can also play an important role in quality checking and auto-decision making by a
logic circuit that controls a waste flow and determines the proper on/off actuation.
e.g. Special sensors such as photocells are able to supply credible information to the
automation system, on the presence of materials in water, for the determination of on/off
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state of electrovalves that control the water flow. Thus water is saved and if it is hot water,
heat is conserved too.
3.5.3.3

Process dedicated methods

Fermentation
In breweries as well as in other fermentation production techniques, CO2 is produced that
can be recovered, cleaned, compressed, dehydrated, purified and liquefied in order to be
reused in other processes.
All these steps require energy of course but the GHGEs balance is positive and so is
economics. Wineries, distilleries and cider producers can apply this method.

Figure 19: CO2 Recovery method (Integrated Pollution Prevention 2006)
Friction smoking
Cooking, preserving and flavoring food are the main targets of smoking process while the
two late are reasons for the high demand of such products. Although hot and cold smoking
methods have a series of advantages, friction smoke produced by pyrolysis when wood is
pressed against a high speed rotating rough roller, consumes almost half the energy and
emits 90% less Volatile Organic Compounds (VOCs) while achieving preservation and taste
targets.
This method is thus chosen e.g. for fish processing utilities.
3.5.3.3.1

Cooking

Shower oven
The alternative usual method of water bath or brine oven is much less efficient. In the
shower oven heat is dispersed homogenously under the hot water shower and the uniform
steam that is released from the oven bottom. The method is proposed if steam utility is
already available in the factory.
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Microwave oven
Rapid cooking and less overall energy can be consumed when this method is applied. All
kinds of food are not proper of course. Water molecules should be well scattered in the food
mass and extensive tests should be applied for achieving proper design of the magnetron
cavity (microwave radiator) in order to succeed in uniform cooking and similar quality
targets.
3.5.3.3.2

Frying – recirculation of burn exhaust gas

Similar to flue gas heat recovery, fryer exhaust contains not only abundant heat but also
many compounds that are important to be recovered and treated and even reused.
In the depicted case, exhaust from the Fryer is burnet as fuel in the heater that keeps the
fryer temperature high with help of principle HX. Exhaust that escapes as waste heat is
collected in the secondary (Waste) HX and preheats cooler oil. Low temperature in this final
HX causes condensation of exhaust and thus recovery of oil breakdown products which are
returned in the heater for burning. This method is applied in meat, fish and potato frying
processors.

Figure 20: Frying oil heat recovery (Integrated Pollution Prevention 2006)
3.5.3.3.3

Cooking during sterilization in bottled cans

Due to high temperatures of sterilization considering a combination of these two process
steps is of high importance. Whenever it is possible pre-cooking should be avoided and
sterilization can be combined to final cooking just before packaging the product. This
method saves both water and energy.
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3.5.3.3.4

Continuous sterilization

One good example that is a proposed method of the above is continuous sterilization in 3
chambers, where food is preheated cooked & sterilized and finally cooled with the same
water, thus preventing vapor losses and extended energy consumption.
3.5.3.4

Evaporation - Dehydration

Dewatering by phase change of liquid water molecules inside a product, into vapor, is a
quite high energy demanding transformation. Ideally 2257 Kjoules of heat are required for
every kg of liquid water to become vapor at atmospheric pressure. In reality this amount of
heat is even greater. Therefore many methods are being developed aiming in reduction of
the energy input for such a process.
The aim of these efforts is not focused in changing the requirements of the physical
transformation (phase change) which is practically impossible, to reducing the heat losses by
maximizing heat recovery.
This means that energy can practically be restricted from escape to a degree, by methods
that include recuperating, multi-step evaporation, series of heat exchangers etc. while the
energy input can be limited just to compensation of overall heat losses e.g. through heat
radiation of the process tank walls but not due to mass dismissing in gaseous form, which
bears latent (internal ) heat that can be recovered.
One such method is called Multistage evaporation: The product output from each
evaporation stage is used as input to next stage, while vapors that come out of the product
are used in next stage as preheating medium of the cooler product. A vacuum pump that
consumes a small electrical load keeps the pressure low, to levels where vaporization is
succeeded better. Each kg of steam that initially enters the evaporation stages, will finally
help evaporate three to six kg of product water.
3.5.3.5

Mechanical Vapor Recompression (MVR)

Another method that produces impressive energy efficiency results is the one that
mechanically compresses this exhaust vapor to use it as driving steam in the main process.
Since mechanical means are utilized (e.g. a compressor) the definition refers to Mechanical
Vapor Recompression (MVR).
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Figure 21: Multistage Evaporator (Loschiavo et al. 2015)
Many different processes end up to similar byproducts. When these byproducts carry a
significant potential, focus is set upon them for techniques that can recover the available
energy. Too many processes connected to food production produce gaseous byproducts of
high enthalpy even if their temperature does not seem quite interesting in a first
consideration.
It seems though that the term gaseous itself equals to large quantities of latent heat,
especially if water vapor is in the same stream, which usually IS the case.
The mechanical compression of such a stream produces a small but important high pressure
high temperature flow, that costs too little to produce and too much to waste. Till the day
the main problem has been the cost of MVR compressor installation, but this has also
started becoming more and more rational as an investment thus many decision makers
choose to install them.
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Figure 22: MVR Enthalpy-pressure diagram (Epcon & AS 2011)
Due to exceptional implementation, a Finnish dairy after installing an MVR evaporator, they
use their steam generator just for the beginning of the production process. Then the
electrical compressor maintains the energy equilibrium, transferring the heat to initial stages
of the process, achieving consumption of just 1kW of power for the evaporation of almost
100 kg of water.
3.5.3.6

Cooling

Ammonia in plate HXs
Special design Plate Heat Exchangers (PHEs) are proven to rise the evaporation temperature
of ammonia up to -2°C. The practical side of this fact is the utilization of such ammonia PHEs
to pre-cool the ice-water (medium) that is used for cooling down e.g. milk or vegetables.
20% less energy consumption of the electrical cooling system can be achieved this way(Khan
et al. 2012)
Free water cooling
Natural resources water cooling can be achieved by utilizing water from rivers and lakes
according to the temperature levels. Pre-cooling of ice water can become very efficient this
way.
Deep freezing
The refrigeration cycle offers a few hot spots that can be improved so that the overall
freezing efficiency can be improved too.
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Improved condenser design
The heat exchanger where high temperature and pressure gaseous refrigerant is giving off
heat to become liquid, is called “Condenser”. When the geometry of this HX is not optimum,
the compressor has to work more in order to achieve higher pressure & temperature levels
and achieve a proper DeltaT with amber temperature, to support the heat transfer. This
extra work of the compressor can be avoided when the design of the HX is improved.
Proper condenser placement & service
A condenser facing the sun in summer time, full of debris and dust or corroded, is too
difficult to dissipate heat to atmosphere and achieve its nominal efficiency. Proper
installation, shading, cleaning and even substitution of corroded clogged parts of the
condenser are necessary low cost actions that can reduce the overall functioning costs of a
freezer.
Optimal set point selection
A general rule of thumb accepted by the technical world, calculates that for every 1K higher
freezer set point the COP rises by 4% while refrigerator capacity rises by 6%, since less work
(under-pressure) is required to evaporate the refrigerant as temperature gets higher. This an
important fact when choosing the set point for various products. Other factors to consider,
are the belt speed, the product mass, the residence time etc. (Integrated Pollution
Prevention 2006)
Fans
Fans are extensively used in refrigeration to recirculate the frozen air and break “warm
pockets” that is, spots where temperature starts growing a little higher. The electrical
consumption of fans has more than the obvious meaning: The electrical consumption of the
fan itself is the first load to avoid. Considering thought that most of the electrical load of the
fan is resistive means it is becoming heat in the freezer, which needs work to be transferred
outside, costing even more to the overall system.
Freezer room light
Similar goes to lighting. Less consumption for lighting installation, means less load for the
compressor too, since most light almost equals to heating load inside the freezer.
3.5.3.7

Energy “Prosumers”

The term “Prosumer” refers to simultaneous production and consuming of goods. In the
energy sector the term refers to consumers that tend to produce part of their energy needs
in efficient ways (Velik & Nicolay 2015), implementing techniques that help them avoid high
energy costs and GHGEs. As previously reported, CHPs are such techniques. According to the
following diagram, almost 30% less energy is wasted.
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Figure 23: Comparing of two methods with and without CHP (Integrated Pollution
Prevention 2006)
Due to high installation cost of such a system, careful sizing is required. The goal is to
achieve maximum working hours of the chosen model. For this reason the safest path is to
determine the heating needs (present and possibly future ones) of the processes to be
supported and then sell the electrical energy to the grid through a long term contract.
Actually this would mean subtraction of the produced kWhs from the charging amount of
the real electrical consumption of the food processing station. (Commission 2009)
Elimination of unwanted heat transfer - losses
Low thermal conductivity and high thickness materials are required for insulation of all kinds
of thermal engines, heat transferring networks etc.
In a dairy, almost 10 km of pipes and more than 50 tanks were insulated. The calculated
loss reduction was almost 8.500 MWh/yr energy.
Practical general directions:
 keep doors and windows closed. Fit fast-closing and effectively insulating doors between
areas of different temperatures
 limit door size to the minimum necessary
 maintain good sealing around doorways
 extra materials should be avoided
 keep the cool the entrance area in front of the cooling room cool
 strip curtains are to be used in frequent passages
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loading/unloading space of vehicles should be properly sealed to avoid ventilation
fans off when doors and hatches open
adequate thermal insulation to freezing tunnels
refrigeration is to be preferred when ambient temperature is lowest

Heat Pump supported heat recovery
Food drying has in several cases been improved by the use of heat pumps. The hot side of
the heat pump prevails the vaporization of water molecules in the dehydrating food, while
the cool side is used to condense the vapors in the exhaust stream thus recovering the
escaping heat to use it back in business.
This technique is applied in various alternative final implementations, whether open, semi
closed or closed circuits. The achieved efficiency improvement is too important to overlook
ranging from 80% and up.
Cooler retrofit heat recovery
Air cooled condensers and cooling towers are the most frequent heat dissipating part of the
cooling cycle. It seems though that retrofitting this part of a cooler can produce large
quantities of hot water ready to use, at temperature of 50 °C or more.
The installation remains as is to the greatest part for security reasons. There is a tank
installation though before the air cooled HX and a bypass pipe drives the hot gaseous
refrigerant in the water tank HX. Most of the available heat is transferred to the water, while
condensation of the refrigerant is achieved. If part of the refrigerant is still not cooled
enough after exiting the tank HX, the air cooling device will through away the remaining
heat.
This method both increases the efficiency of the cooling cycle and produces hot water. The
combined COP of such a retrofit can go up to COP=8 or more.
Lubrication minimizes motor loads
Motor loads are minimized when proper maintenance is applied to them: Lubrication,
transmission, cooling are factors to check, while managerial questions over the necessity
and proper sizing of motors are also required.
e.g. Higher efficiency motors are always preferable. Oversized motors are a great loss.
Electrical connection properties (such as supply in star-phase, checking voltage imbalances,
low or high supply voltages, harmonic distortion or poor power factor can cause losses).
(Integrated Pollution Prevention 2006)
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Variable Frequency Drives (VFD)
The term VSD refers to AC current motors as a technique of altering the rotational speed of
the motor itself while reducing its electrical consumption.
200 motors in a dairy saved more than 1.200MWh of electrical energy in a year due to
implementing VSD to more than 200 motors in various processes in the factory. The cost of
implementation was paid back in less than 4 years.
Variable Speed Drives (VSD)
Controlling various flows (such as water, air, brine etc.) is an important requirement in food
processing networks, in order to control important conditions within process stages.
Dampers, vanes, throttles, recirculations etc. are old fashioned regulating techniques that
actually contradict the work of primary consumers (fans, pumps compressors) in a most
inefficient logic.
The energy efficient way is the use of VSDs –that’s the term for DC motor driven equipmentthat control the flow itself by lowering or speeding the revolutions of the
pump/fan/compressor according to process specific needs.
3.5.3.8

Progress of energy efficiency – specific methods

Policies, internal corporate responsibility, energy costs and legislations that demand
compliance of industries to energy efficiency guidelines, lead decisions for implementation
of best methods that finally reduce the GHGEs . Actions regarding the improvement of
energy efficiency that we have already commented on, are mostly included in the following
list:
 waste heat recovery from solid, liquid or gas streams
 optimization of combustion burners
 optimization through upgrading of cooling systems
 switching off unused devices (furnaces, refrigerators, etc)
 management practices for compressed air
 high performance lighting applications and control
 thermal insulation of heavy machinery such as furnaces and or cool storage
 reduction of air entrances by insulating windows & doors of special condition rooms
 improve sensors and control techniques of both buildings & processes
Sensitization campaigns for the personnel on the importance of energy conservation are
necessary. It should be added at this point that the cooperation between employees,
partners and suppliers is of major importance for the reduction of carbon footprint. In the
same prospect reducing GHGEs in the whole production chain, suppliers should also adopt
appropriate policies and adequate measures.
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Lighting
The energy consumed by farm lighting systems reaches 4% of the total amount of energy
consumed in the sector. This amount of energy can be reduced up to 50% (Carbon Trust,
2006). Obviously, the energy consumption is much higher as far as factory lighting systems
are concerned. Lighting equipment, just like any other equipment of energy-saving
technology can be switched off when not in operation, as long as safety and health are
ensured. Staff awareness is key to the implementation of this measure. Additionally, labeling
switches help employees make more effective decisions about operating lighting equipment.
Turning lights off during the day allows for lower energy costs. Keeping the lights off in
places that lighting is not necessary at all times, such as store rooms, also saves energy.
Moreover, natural daylight can make a significant contribution to the reduction of energy
consumption, thus window glasses should be kept clean to allow the maximum amount of
daylight to enter the interior of the building. Automatic lighting systems are an inexpensive,
but efficient solution. Sensor lights can also be installed in store rooms, offices and toilets, as
they can save up to 30-40% of the energy used for lighting. Motion detector lighting and
lighting operations as per daylight sufficiency combined with the use of timers allows for
maximum saving.
As far as lighting bulbs are concerned, they are carefully selected depending on the lighting
needs and the desired color. A lighting installation of energy-saving bulbs is an effective
solution for long-lit places. The life of compact fluorescent bulbs (CFLs) is eight times longer
than standard bulbs; and CFLs consume 80% less energy. Alternatively, LED lamps can be
used as they save up to 80% energy and last 50.000 hours. Finally, fluorescent lamps should
be also maintained and replaced for maximum lighting results (Carbon Trust, 2006).
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Figure 24: Energy efficient lighting options (Carbon Trust, 2006)
Ventilation
Ventilation of food production spaces is extremely important. Depending on the case, a
series of solutions are available such as natural ventilation of interior spaces for certain
periods or time, simultaneous functioning of the ventilation system together with other
machines, or fluctuations of its intensity. As with all equipment systems, apart from
appropriate use, regular maintenance is required.
Innovation opportunities
Improvements that have been recorded in bakery industrial installations are due to either a
change in functional practices or the use of new technologies, some of which will be
described below. However, the adoption of innovative practices is limited due to the fact
that machinery has a long lifetime and is very expensive to replace by technologically more
advanced equipment.
Innovative opportunities for a significant reduction of GHG emissions include four basic
points:
 Improvement of furnaces' efficiency
 Reduction of thermal mass of aluminum packaging that is heated.
 Improvement of electrical equipment control, of furnaces and refrigerators.
 Recovery of furnace thermal energy

The measures described below are not widely applied as they are considered to have
significant limitations, some of which will be presented together with the recommended
method.
Improved combustion efficiency
Indirect combustion furnaces: Based on recent measurements, the levels of trapped air in
the chimneys’ void reach 250%. Combustion conditions are supervised only during boiler
maintenance. Moreover, improved combustion efficiency boilers can help reduce heat loss.
Only a certain amount of air is used during combustion, so heat loss is minimized. Indirect
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combustion furnaces can contribute to reducing heat loss up to 100%, however, they need
to be maintained in a regular basis in order to improve combustion conditions. Furthermore,
it is very important to ensure that temperatures during combustion or pipe circulation do
not exceed the recommended levels. Complying with the safety rules is also essential. It is
estimated that indirect combustion furnaces can reduce heat loss by 10%, while combined
with an automatic combustion management system can reach 12%.
Direct combustion furnaces: Based on measurements, the level of excess air is similar to that
found in indirect combustion furnaces. Nevertheless, optimizing direct combustion furnaces
is a more complicated process because the gases produced during combustion return to the
furnace. Maintaining the temperature of the furnaces, as well as ensuring the adequate heat
flow are parameters of the products’ quality control. However, further research is conducted
so as to define more clearly the benefits of combustion optimization of direct combustion
furnaces.
Reduction of thermal mass of steel tins
With the reduction of thermal mass of heated steel tins, a large amount of thermal energy
emitted from the furnace is necessary so that the tin is heated. The required energy to heat
the tin varies between 10%-30% of the overall thermal energy that is fed into the system.
This percentage varies according to the furnace power. Therefore it becomes clear that a
change in the weight or material of the tin will result in energy savings. The diagram given
below shows the relationship between energy savings and weight reduction of steel
stainless tins tested in a conventional indirect combustion furnace and is based on a
theoretical calculation which provides the additional energy required to heat any excess
weight in the tins. A 30% weight reduction in the tin can reduce the gas required to heat it
by 2.5%.

Figure 25: Relationship between weight reduction of steel stainless tins and gas usage 8

8

Source: Carbon Trust
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Attention should be given on tin toughness, life and effectiveness in relation to any changes
in the material properties so that a smaller amount of thermal mass (e.g. thermal plastic) is
achieved. It is, however, noted that there are companies such as Dupont who already sell
products of this type.
Temperature recovery in furnaces: Temperature recovery in furnaces is difficult to achieve
due to safety problems (e.g. potential for explosions due to accumulation of natural gas),
problems with the heat exchanger and reduced efficiency of the heat exchanger. Another
problem is the amount of the recovered energy that is seen by the end users which can be
attributed to the size of the area the network provides heat.
Limitations in the application of suggested measures
During the design of the proposed actions for the reduction of carbon footprint in food
companies, some limitations were observed which if surpassed could possibly stop acting as
deterrent factors and become opportunities in the achievement of further reductions in
carbon footprint (Carbon trust 2006).
Economic Cost: Adopting a new and effective technology requires significant investment. If
the expenses of such an investment can be paid out within four years a satisfactory success
rate for the business could be seen. Thus, during the compilation of an investment plan it is
necessary to take into account the time required to pay it off.
Company case: All expenses and savings in resources should be thoroughly considered in a
study, so that the sector appreciates the expected chain events in gains e.g. would carbon
footprint reduction result in an increase in productivity?
Quality of the Product: A new measure should only be introduced if it can be guaranteed
that it will not affect adversely the quality of the product.
Proven efficiency of Technology: A company should only consider adopting a new
technology if it has been demonstrated that it will maximize profit.
Maintenance: For the cases where maintenance of new equipment requires significant time
and specialist knowledge, the company may possibly decide against embedding it into the
production system. A possible solution would be to provide adequate training to staff.

3.6

Food industries waste

Directive 96/61/EC for Integrated Prevention and Control of Pollution (IPPC) - Greek
Suggestions for Best Available Techniques Food Industry (2001) describe the waste types
from various industrial sectors. Specifically sectors of Pastry, fresh food products – Rusk
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products and biscuits as well as preserved pastry/confectionary goods produce the following
waste types:
3.6.1

Liquid waste

The nature and characteristics of the waste from the pastry industry and bread products
retrieve (except wastewater) by washing machinery and floors, exhibiting similar
characteristics, and are therefore processed in a similar manner. The analyzed industry
sector does not exhibit high hydraulic and organic loadings in the waste water production,
ergo the need of processing/preprocessing unit or not, of liquid waste consists mainly on
evaluating inter alia waste water from the employees and the requirements of washing
procedures.
3.6.2
3.6.2.1

Solid waste
Solid waste from production process

Solid waste from pastry and bakery industry in the production process is mainly (1% of
production) losses from yeasts, underweight products (not according to specifications),
products with improper form (not according to specifications) and also burnt parts of
products which are not suitable for further marketing.
Note that part of the manufacturing process for most of these industries is the production
crumbs (which are marketed as breadcrumbs etc. or marketed as raw materials for chilled
meat products industries and most of these losses, but not the loss of production yeas, may
be used in this manner).
3.6.2.2

Solid waste from product returns

Solid waste produced by pastry and bakery industry from products returns represent a small
percentage (1% of production).
Significant amount of solid waste are the residuum (mud) from the wastewater treatment
plants. This category includes the residues of screenings, sediment or thin layers from
thrombosis clarifier provisions, the excess biomass from the clarifiers of biological treatment
facilities, while smaller amounts of solids issue from liquids refinery units. The residuum
resulting from the physicochemical and biological treatment contain mainly organic load and
possibly inorganic salts, flocculants residues, etc.
The amount of organic and / or chemical origin residuum depends directly from the
processing system and the dose of the flocculants. For aerobic biological treatment systems
under low load of biomass, that do not form later physicochemical treatment stage, the
production of residuum coming from the surplus biomass is limited and range from 0,3 kg SS
/ kgBOD 5 to 0,4 3 kg SS / kgBOD 5 that are removed. At medium and high load of biomass,
the amount of the surplus is 0,5-0,7 kg SS / kg BOD5.

FOODPRINT: LIFE13 ENV/GR/000958

Page 90 | 118

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

The amount of chemical origin residuum is proportional to the added amount of thrombotic
factors, the content of suspended solids content and of organic compounds of waste in
colloidal dispersions, which are aggregated.
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3.7

Other measures

Apart from the proposed measures for the food industries, a change in the consumers’
eating habits would work positively as far as carbon emissions are concerned. Sustainable
diets are those diets that contribute to healthy life by providing people with all the
necessary nutrients, while at the same time they have a low environmental impact (Dahlin &
Lindeskog, 1999). Duchin (2005) mentions that nutrition based on the Mediterranean Diet is
beneficial to health, as well as the environment.
The pasta industry Barilla and researchers from the Barilla Centre for Food and Nutrition
(CFN) have designed and launched the Double Food-Environmental Pyramid. The
Mediterranean diet pyramid is placed next to the environmental impact pyramid. The base
of the Food Pyramid shows the increase in consumption of healthy foods while the base of
the Environmental Pyramid shows the highest environmental impact. The reversal of the
second pyramid depicts that what is good for the health is also good for the environment.

Figure 26: The Double Food-Environmental Pyramid 9
On the other hand, Carlsson-Kanyama (2004) argues that production and supply methods
rather than a change in eating habits contribute to a low environmental impact. For
example, a meal of imported vegetables has a higher environmental impact compared to a
meal of local meat.

9

Source: www.barillacfn.com
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4 CASE STUDY ON MEASURES FOR THE REDUCTION OF GHG
EMISSIONS
4.1

Introduction

Many industries have already adopted measures to reduce the carbon footprint, having
realized that sustainable production goes hand in hand with production increase. "The
carbon footprint is a measure of the exclusive total amount of CO2 emissions that is directly
and indirectly caused by an activity or is accumulated over the life stages of a product"
(Wiedmann and Minx, 2007) and is calculated in equal tones of carbon (CO-2e) (Carbon
Trust).
According to a research conducted by the Ernst & Young Company in 2012, 82% of the
industries planned to invest to energy efficient plans in an attempt to reduce the carbon
footprint in 2011.
More particularly, food industries are largely responsible for most of the carbon emissions
that not only accelerate climate change, but also degrade the resources used by food
industries having, thus, long-term effects on the quality and quantity of their products.
Today food industries adopt measures in a voluntary basis, as there is no concrete
environmental policy. Several food industries in an attempt to anticipate developments have
already calculated their energy footprint and embraced new measures for reducing or even
eliminating it. The strategy of the carbon footprint reduction is a set of measures that aims
at its gradual elimination through specific goals and schedules (Green Evolution, 2011).
The industries follow the Life Cycle Assessment procedures having realized that the multiple
production stages are responsible for carbon emissions (Carbon Trust, 2006). A product’s life
cycle is sometimes complicated to define as it involves the selection of raw materials, the
design, manufacturing, promotion, distribution, sale, consumption and disposal of the final
product. The examination of the different stages of the production process helps in
calculating and understanding the environmental impact (European Commission, 2014).
Nowadays there are several new companies that offer guidance through a certain
methodology on calculating and reducing CO 2 emissions, as the need for eliminating the
carbon footprint becomes more and more urgent.
4.2

Climate Smart

Climate Smart is a social, Canadian enterprise that provides training and certification
program for businesses to assess their carbon emissions, identify opportunities for cost,
energy, and carbon savings, and communicate their efforts internally and externally. Climate
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smart works with governments, utilities, industry associations as well as other partners in
order to cut unnecessary consumption of energy, fuel and materials.
Specifically, for food and beverage sector, the diagram below illustrates the strategies
implemented to cut CO 2 from food processors and distribution. Most popular strategies are
the one aiming at reducing emissions from landfill waste, 69% of businesses adopt actions to
improve their waste diversion. Very important component is employees’ behavior,
consequently 45% adopt programs such as driver training, anti-idling policies, advanced
route planning, and GPS fleet tracking for improved routing efficiency and to monitor
drivers’ behavior. Moreover, changes in simple equipment (complete plant shut down policy
at the end of the day, installing motion sensors in areas with intermittent occupancy, or
improving cold room insulations) implemented by 45% of businesses and one in five
companies (19%) adopted larger capital investments.

Figure 27: Chosen reduction strategies: food processing and distribution (Climate Smart)

4.3

Left Coast Naturals case study

Left Coast Naturals is an organic and natural food manufacturer and distributor, based in
British Columbia. Currently, Left Coast Naturals distributes 27 brands and processes three of
their own: Hippie Foods, Left Coast Bulk Foods and Skeet & Ikes. Company owns a fleet of
trucks, a 32.000 square-foot wasrehouse, a 10.000 square-foot production facility and ships
raw materials and food products all over the world.
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Assessing the environmental footprint of the whole supply chain, concluded that 80% of
their impact occurred in the production and transportation stage. At that time Left Coast
Naturals evaluated suppliers’ practices through a “scorecard”.
Some practices implemented by the company aiming to reduce CO 2 emissions, gathered
from Climate Smart are the following:
• Installation of plastic curtains to reduce heat loss when loading bay doors are open.
• Installation of occupancy sensors and a continued conversion to high efficiency
options have reduced energy consumed by lighting.
• Initiatives such as reduced idling time and improved route planning have reduced
emissions from vehicles.
• Waste management of associated offices by one provider has allowed the addition
of formal organic composting and reduced the waste management costs by 12%.
• Encouragement of employees supporting social, environmental and financial
sustainability, for instance company provides an incentive of $40 – $120 per month
for carpooling, taking public transit, and biking/walking. As a result 55% of
employees now get to work by alternative modes of transportation.
Results refer to 15% fewer emissions from natural gas, per full time equivalent employee
(FTE), 24% fewer emissions from vehicle fuel, per FTE and ~12% costs saved on waste
removal.
4.4

The Carbon Trust

The Carbon Trust Company has helped several organizations worldwide reduce CO 2
emissions through efficient strategies. The Carbon Trust is based in the United Kingdom and
has offices in China, Africa and the USA. The Carbon Trust helped their clients save up to 5
billion pounds and 53.5Mt CO 2 in November 2013.
Expert advice is given to governments, organizations and public sectors, while the main
target of the Carbon Trust is to promote a sustainable and low-carbon economy by
developing low-carbon technologies and optimizing renewable energy resources.
The Carbon Trust Label was created in 2007 in the UK and has committed the organizations
to reducing the carbon footprint in two years time. The Label has been used worldwide since
2008. Several food industries have worked with the Carbon Trust such as the Coca-Cola
Company, the Euro Foods Group, Bord Bia, Grow How, Branston Limited, Westbury Dairies,
Kingsmill and Heinz. Some case studies of organizations that worked with the Carbon Trust
are presented below.
4.4.1

The Kingsmill case study

Kingsmill was the first bread company to have adopted measures on reducing the carbon
footprint. Kingsmill has successfully reduced the carbon footprint by 13% in three of its most
popular products, such as Soft White, Tasty Wholemeal and 50-50. At the same time, the
FOODPRINT: LIFE13 ENV/GR/000958

Page 95 | 118

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

demand for those products has been raised considerably as a recent survey showed that
56% of the consumers were happy to encourage companies that attempted to reduce their
carbon footprint. The fact that the company’s most popular products have a low-carbon
footprint ensures the low-carbon footprint of Kingsmill as a whole. The first thing that was
calculated was the carbon emissions during all the different stages of production of these
three products, such as cultivation, transportation, consumption and finally, disposal. The
method showed that a medium loaf of Soft White produced approximately 1kg of CO 2 and a
medium Tasty Wholemeal 950gr.
Table 6: CO 2 emissions during the production of different kinds of bread 10
Product

Thickness
of bread slice

Loaf
carbon footprint
(CO2e)

Slice
carbon footprint
(CO2e)

2009
Certified reduction

Soft White

medium

1.0kg

50g

13%

thick

1.0kg

55g

medium

950g

50g

thick

950g

55g

medium

1.0kg

50g

thick

1.0kg

55g

Tasty Wholemeal

50-50

13%

13%

Since 2009 Kingsmill has been aware of the amount of CO 2 emissions produced in every
single stage of production, thus, it is able to adjust the adopted measures to its needs.
Table 7: CO 2 emissions in the stages of production of the three Kingsmill products 11
Raw
materials

Processing

Packaging

Distribution

Retailers

Consumption

Disposal

40.4%

18.8%

2%

4.6%

0.7%

29.8%

3.7%

Previous record measurements showed that Kingsmill consumed too much energy in the
past. Today, the new energy-saving programmes involve the use of newer, more efficient
equipment. For example, old furnaces have been replaced with new aiming at reducing
carbon emissions up to 20%. Furthermore, the transportation vehicles used are streamlined
and low in carbon emissions, as well as they have saving-energy operations for automatic
mileage control. The route selection is also optimised and the drivers are specially trained to
drive safely and efficiently. It is notable that the local bread production has saved up to
10
11

www.kingsmillbread.com
www.kingsmillbread.com
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900,000 miles in transportations in the last two years. Whenever possible, Kingsmill has used
train instead of car transportation, thus, saving up to 500,000 annually.
Another focal point is the reduction of electricity consumption. Within the context of its
environmental policy, Kingsmill uses recycled packaging that contributes to reducing carbon
emissions by 14% for each ton of packaging material. The reduction of CO 2 emissions has
also profited Kingsmill in terms of reducing production costs. Kingsmill, having reduced
carbon emissions by 13% in 2009, now aims at reducing them even further by controlling the
production of raw materials, their preparation and consumption.
4.4.2

The Euro Foods Group case study

Euro Foods Group processes and distributes frozen seafood, meat, poultry, vegetables and
aromatic herbs. It has factories in Bangladesh and transports to several places in the world.
The Euro Foods Group’s equipment comprises mostly of refrigerators that consume too
much energy. The LPA method (Liquid Pressure Amplification) has helped the company save
up to 26,400£ and reduce GHG emissions by 121 tons annually. The Euro Foods Group was
given a 72,000£ loan from the Carbon Trust in order to succeed both environmentally and
economically.

Figure 28: Refrigeration system with liquid pressure amplification (LPA) (Carbon Trust)
As analyzed earlier, the refrigeration cycle occurs under the effect of a compressing
apparatus (term: compressor). Many times due to thermodynamic conditions related to
condenser and evaporator HXs, there is still gaseous refrigerant after the condenser. Also,
friction in the pipes causes pressure drop that the compressor has to overcome. The LPA
pump is a secondary dedicated pump, for the liquid phase of the refrigerant, that efficiently
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moves it forward to the evaporator, releaving the compressor and increasing the overall
efficiency of the cycle. Even more, reduced condenser discharge pressure allows the
temperature to decrease. Last, the LPA method helps to resolve the "flash gas" issue.
Improved condenser efficiency (by not over working or under working) is important and was
achieved by controlling the fans speed according to cooling load and ambient temperature
with the help of special motors and automations (sensors and controlling device) that were
implemented.
The project was carefully designed during periods that the unit was not in operation to
ensure that the installation of LPA pump would not have any detriment effect on the quality
of the Company's products.
4.4.3

Heinz case study

Heinz was found in 1869 and is considered one of the biggest food industries with more than
32,000 employees. In 2008 Heinz set sustainable goals for the protection of the environment
and their agenda included the reduction of CO 2 emissions by 20% compared to the
emissions in 2005, water saving programmes, waste reduction and increase of the use of
renewable energy sources. The Heinz factory Kitt Green has reduced carbon emissions by
17,600 tons in four years time by reusing the water heat from scalding and sterilizing.
Moreover, Heinz and the Carbon Trust have concluded that the introduction of the
anaerobic indigestion system and the increase in the use of renewable energy sources could
further reduce carbon emissions by 3,200 tons annually (Carbon Trust, 2010).
4.4.4

The Bord Bia (Irish Food Board) case study

Borb Bia acts as a link between food and drink producers and their customers worldwide.
Ireland’s food and drink sector is represented by 7% of the national economy and 11% of the
exports in 2013. Ireland lacks heavy industrial activity, so the carbon emissions produced by
food industries reach 29% of the total emissions. In an attempt to increase the Irish exports’
competitiveness, Borb Bia has developed the Origin Green Sustainability programme. This
programme has committed food industries to reducing carbon emissions and saving energy.
The Origin Green Sustainability programme also promotes efficient water and waste usage,
protects biodiversity and promotes health. More than 293 food industries registered to the
Carbon Trust and the Borb Bia Origin Green programme in 2013, while today 60% of the
exports come from already registered industries.
4.4.5

Westbury Dairies case study

Westbury Dairies in collaboration with the Carbon Trust could save up to 400,000£ from
production costs annually and reduce carbon emissions by 1/6. The proposed measures
involve heating control and hot water management. The presence of an energy saving
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supervisor has been necessary in this case, in order to ensure the programme’s
effectiveness.
4.4.6

CarbonFund.org

Carbonfund.org Foundation is a not-for-profit organization based USA. This organization
provides carbon offsetting and GHGsreduction options to individuals, businesses, and
organizations. Carbonfund.org has an application that informs the user about the average
cost required as a counterpart various sectors of activities. The organization deals with axes
such as renewable energy, reforestation, and energy efficiency projects.
4.4.7

Ernst & Young

Ernst & Young is a multinational professional services company based in London, UK. One of
the company’s priorities is to ensure the existence of a healthy environment, so it has
introduced climate change and sustainability services in order to help customers and their
communities reduce the carbon footprint and therefore, production costs. Ernst & Young
has followed similar reduction strategies to those it promotes in an attempt to reduce its
own carbon footprint. More precisely, they have adopted the five following measures:
1. Carbon footprint measurement by collecting and analysing data regarding energy
consumption in the offices and during business trips.
2. Establishment of clear goals so as to promote environmentally sustainable practices.
3. Setting an environmentally responsible policy regarding worldwide business trips.
4. Optimising direction and practices concerning waste management.
5. Company meetings with low environmental impact.
Some of Ernst & Young’s customers that have achieved their environmental goals are ITC,
Marks & Spencer, Danske Bank and Nike.
4.4.8

The ITC case study

ITC is an Indian group of diversified businesses including hotels, packaging and computer
technology. It is considered that ITC “absorbs” more CO 2 than it actually produces by
achieving goals concerning water saving and waste recycling. To attain these goals ITC has
created a sustainability and Corporate Social Responsibility business plan. All the ITC hotels
use renewable energy sources and have reduced the CO 2 emissions by 13% (Ernst & Young,
2012).
4.4.9

DS Consulting

DS Consulting is a registered partner of the Carbon Trust Company. It is a specialised services
company active in the sectors of organic farming and cosmetics, and the environment. It
provides services such as farm and company management, while it develops carbon
footprint projects of products and services against the PAS 2050 Standard. DS Consulting
defines the limits of the project, collects and assesses the available data, and specifies the
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company’s staff and advising sources. Firstly, the primary sources regarding the supply chain
are carefully selected and then the secondary sources are applied. The assessment of the
project is a continuous and repeated process. Moreover, DS Consulting makes use of the
Footprint Expert Toolkit, an application created by the Carbon Trust Company, that
calculates an efficient and reliable carbon footprint (source: www.dsorganic.com)
4.4.10 Green Evolution
Green Evolution aims at ensuring a sustainable and safe future through a low-carbon
environmental programme. It provides services to people and companies and reducing
strategies based on innovation and extensive research. (source: www.green-evolution.eu)
4.4.11 The Piraeus Bank case study
Several Greek organizations and companies have made extensive research and have
adopted measures for reducing their carbon footprint, such as Piraeus Bank in 2008 with the
“Life – Green Banking 4Life” programme. The program’s target was to save energy resources
and reduce the environmental impact regarding the business trips of the bank’s employees.
The programme proposed three major measures so as to reduce CO 2 emissions produced by
their employees’ transportation.
First, excessive travelling and transportations are avoided. Only very important business
trips are arranged and the meetings are conducted via phone. Second, Piraeus Bank offers
their employees an advanced system of distance learning (e-learning), thus, reducing the
need for transportation. Third, Piraeus Bank embraces environmentally responsible
strategies, methods and means of transportation. Especially, the transportation sector is
optimized by managing scheduled transportations and using the method of combined
transportation (car-pooling). All the vehicles used consume less energy depending on the
number of passengers and the distance that is to be covered. Finally, eco-driving and
environmentally friendly initiatives are highly promoted.
4.4.12 The AEW ALLGÄUER EMMENTALER WERK E.G. case study
More than 330 MWh of heat and 85.000 kg of GHGEs are saved each year, after the
implementation of a condensing flue HX next to the steam boiler of the cheese factory in
Kimratshofen, Germany.

FOODPRINT: LIFE13 ENV/GR/000958
118

Page 100 |

Deliverable A.1a | "Literature review on the state-of-the-art methods and techniques used
worldwide on reducing the carbon footprint in the whole food supply chain"

Figure 29: Example of flue gas heat recovery installation (source: www2.spiraxsarco.com)
The cost of implementation allowed for less than 3 years payback. The installed HX is
constructed with special ceramic pipes that are 100% capable to resist sulfuric acid
corrosion. The acidic condensate is properly neutralized according to EU guidelines and thus
final condensate is 100% metal free and safe for waste water pipe work and environmental
disposal even for plant watering. (BOMAT GmbH 2004).
4.4.13 Bakery – steam boiler Exhaust heat recovery
From Unites States, the New York State Research and Development Authority (NYSERDA)
evaluated the feasibility of reducing natural gas consumption by recovering waste heat from
a bakery plant’s existing thermal oxidizer exhaust.
Following an expert’s study which projected energy savings of over $94,000 annually,
NYSERDA finally assisted in financing the project. Payback time was less than two years.
(International Thermal Energy 2010).
4.4.14 Cereal Manufacturer –water boiler Flue heat recovery
Make up water has low temperature, therefore it is very adequate for flue cooling, while it
gets hotter and saves fuel, by means of proper HX. In this case study 10% of energy is
recovered which equals almost half a million USD per year in savings plus 2.000 tons
reduction of GHGEs.
The payback is verified under two years. (Inc.Thermal Energy International 2011).
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4.4.15 Waste Water Heat Recovery Case Study

Figure 30: Kemco’s shell and tube waste water “heat reclaimer” (source:
www.kemcosystems.com)
Cleaning in place (CIP) procedure is one of the most frequent maintenance practices applied
in food industries. The amount of waste water produced is too high to neglect. Furthermore
the temperature of the waste water is a decisive factor for feasibility consideration over a
possible heat recovery investment. Special designed HXs are capable of recovering more
than 60% of the waste heat while the ROI is less than a year. The method is especially
suggested when hot water production is based on fuel burning combustion systems.
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Figure 31: Typical Waste Water Heat Recovery system with PHX 12
4.4.16 Fishery Super Heated Steam drying State of Art
Drying is one of the most energy intense process not only if food production. One of the
most important issues, which is not easily comprehended, is the importance of the drying
medium. Usually hot air is the profound solution, but latest research has proven that this is
not the case:

Figure 32: Hot air and superheated steam, as drying medium, comparison (Bantle 2012)
Drying of fish with SHS dryer (SSD) is a non complex solution, where primary energy is input
to the system by a turbocharged compressor system that compresses (and heats up) the
steam itself. The specific moisture extraction rate (SMER) of this dryer is up to 5 kg
water/kWh.

12

source:www.teatucson.com 2015
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Figure 33: Recommended state of the art SSD system (Bantle & Hafner 2014)
Continuous production is important, since the start-up energy input is quite large (water will
have to be offered a lot of energy as latent heat that will be carried internally) and thus
stopping production will equal large losses.
As long as production is kept the compressor will only supply kinetic energy for the removal
of excess steam. But even this energy will be transformed to heat and can be recovered for
other processes. The enthalpy level of this export stream is quite interesting since it bears
both kinetic (high pressure - 10bar) potential and high temperature (180 °C) that can both be
recovered. (Bantle 2012)
4.4.17 Kohberg case study
Flue gas heat loss is a well-known problem in the bakery industry. Many businesses though
postpone dealing with the problem due to challenges connected to corrosion risks and food
quality issues. Limitations are also challenging due to lack of qualified solution providers,
lack of practical installation problem solving, lack of experienced retrofitting service
providers.
After extensive market research Kohberg bakery management was finally offered the
complete solution: Heat recovery, stainless steel unit (for anti-corrosion), bypass option for
the flue gases, condition control by an automatic draught fan and electronic monitoring
system, supplied by an installer with much experience in the food sector.
11% less fuel input is required after the installation. The special designed chimney fan
system constantly regulates the pressure securing the final product quality. For some
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products even 16% less gas is consumed. The recovered heat is used to produce hot process
water and cleaning water. The savings allowed for an ROI that was shorter than 12 months.
The above project was funded by EU and the Ministry of Food's Rural Development
Programme. Components of such installation can be viewed in the diagram below.
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Figure 34: Flue gas heat recovery from a baking oven, is utilized for process hot water production. The pressure of the flue flow is monitored by
automation control preserving the quality of baked products (Exodraft, 2010).
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Figure 35: Heat pump drying of fries, the McCain Foods case study: Exhaust heat is recovered and reused in the same process achieving 70% reduction
of GHGEs. (DeKleijn, 2014)
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4.4.18 The McCain Foods case study
Frying of potatoes requires large amounts of energy while the exhaust stream is regarded as
waste, thus heat has to be constantly added to the system. McCain hired an expert to solve
this problem. The study and solution development took more than two years (2010 to 2012).
The French fries dryer required 880 kW power. Now the COPh=7 and 70% less GHGs are
emitted that equally means an impressive energy saving. At the same time odors are
drastically diminished. The methodology implemented was based on pinch analysis (Van As
2013)
4.4.19 The ADIABATIC COOLING case study
According to Carbon Trust (2010) “Adiabatic cooling is the process of spraying water into the
air supply of an air-cooled refrigeration condenser to pre-cool the air and so improve its
efficiency. When sprayed into the air stream, the water evaporates and increases the
humidity in the air. The heat that is used in evaporating the water is removed from the air
stream, resulting in the air temperature being lowered, and the condenser having to work
less to condense the air”.

Figure 36: Typical adiabatic cooling installation (Carbon Trust 2010)
Applying a metal mesh over the air input entrance of chillers, rooftops, dry coolers, or
refrigeration condensers and controlling a water spray application over it, offers the
possibility of increasing system overall cooling capacity.
Cost of implementation is too low to overlook while several advantages according to BATs
are achieved:
• shading effect
• self cleaning filter
• adiabatic cooling
• increased compressor life
• reduced maintenance & increased reliability
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The metal mesh applied in front of the heat rejection coil provides a shading which in
return reduces direct solar irradiation heating impact. This results in 3~8 K improved
temperature for the incoming air.
Self-cleaning air filter by design of double mesh keeps the HX coils clean from various
factors (like debris) the overall system efficiency can be improved as much as 3~5%.
Programmed (not constant) under a controller water spraying of the metal mesh with
specially designed water heads, without any need for compression above the mains water
pressure, achieves further free cooling of the incoming air flow by up to 28 K.
Reduced air temperature of the air HX, improves refrigeration cycle, and decreases demand
for head pressure and refrigerant temperatures. (this also increases the expected
compressor life, ensures reliable operation and increases maintenance intervals).
Special design of water sprayers achieves minimum water consumption (maximum 25% of
other adiabatic cooling systems.
4.4.20 VSD motor Case studies
A list of compressed data from case studies where VSD motors were implemented, is
supplied by the “Energy savings with electric motors and drives –Good Practice Number 2”
(ETSU et al. 1998) as follows:
4.4.20.1 Stocksbridge Engineering Steels

Combustion air demand on the batch furnaces at Stocksbridge Engineering Steels was
controlled by a butterfly flap in the air duct. The cyclic nature of the process meant that the
fan was running for long periods in a heavily damped position. Replacing this butterfly flap
with a VSD to control fan speed gave savings of £1.535/year for a capital cost of £3.000 - a
payback of just under two years.
4.4.20.2 Rank Hovis Trafford Park flour mill

Dust was extracted from the Rank Hovis Trafford Park flour mill by up to four 75 kW fans,
with fine control of the air flow being achieved by dampers. Tests showed that the fan speed
could safely be reduced to a minimum of 80% of the rated speed. Investment of £12.900 in a
VSD gave energy savings with a payback of 1,0 - 2,6 years, depending on the mode of
operation.
4.4.20.3 Cyanamid UK

Cyanamid UK produces a range of synthetic drugs on a batch basis at its Gosport plant. The
variable load on the cooling towers means that, for long periods of time, the fans are
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generating much more airflow than required. Fitting a VSD to alter the fan speed according
to the water return temperature gave total savings worth £7.590/year on expenditure of
£5,400, a payback of 8.5 months.
4.4.21 VSD with Active Front End (AFE) regenerative energy recovery
Furthermore, a new technology for the recovery of rotational speed, in case of breaking has
been developed and implemented for centrifugal high speed sugar mills:
These are regenerative (VSD) drives of a special type that incorporate controllable solid state
switches in their input section. “AFE drives provide high efficiency when operating in both
motoring and regenerative modes, and they also generate a much lower level of harmonics
than conventional regenerative drives”. (Vacon 2013)
“Fitted with a non-regenerative drive, the centrifugals would have a very high-energy
consumption and, in addition, during braking they would produce a lot of energy that would
have to be dissipated as heat. For this reason, Broadbent adopted regenerative drives for its
machines as soon as these became readily available. These drives allow the energy produced
during braking to be fed back into the supply system, which means that the net energy
consumption of the centrifugals is reduced by 80% or more”. The problem of heat
dissipation is also eliminated by the use of water cooled drives. This means that more than
95% of the generated heat from the large drives is easily expelled from the process area, or
else large cooling loads are required for air conditioning. (Vacon 2013)
In the Pfeifer & Langen case study, the description explains how energy is saved in both
ways:
“Only one circulation pump, requiring a total power of 1,5 kW, is needed for the heat exchangers’ water circuit. The switchgear room remains cool since only 5% of the heat losses
of the drives leak into the room. Furthermore, the internal cooling circuit between the heat
exchanger and the AC drive ensures low-risk opera- tion. Since the cooling circuit is not
connected to the plant’s main cooling circuit system, the switchgear room is safe from
flooding in the event of leaks.
The six centrifuges are accelerated with overcurrent, and braked with over 600 A once the
sugar beets have been cen - trifuged. The braking energy is fed back into the mains via upline LCL filters. As the total harmonic distortion with the old plant configuration was too high
for the open grid, the deci- sion was taken to provide the enormous energy requirements for
the centrifuges via a dedicated network.
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This was maintained after the modernization – although the total harmonic distortion (THDi)
with the new AC drive configuration is < 5%. The AC drives used together with the LCL filters
ensure that a sinusoidal power feedback is achieved” (Vacon 2010).
4.4.22 Compressed air Drive
“2008 Product of the Year Award” was nominated by the “Plant Engineering” magazine to
Quantima, a high efficiency central air compressing system, based on a VSD motor
compressor. “Put simply, Quantima is special for what it doesn’t have. It has no gearbox, no
oil, no contact and no wear.
The Quantima unit has a much lower environmental impact than conventional compressors
on the market. On the launch of Quantima in April 2008, CompAir Chief Executive Nick
Sanders said: “It is very rare that you can develop a product that will fundamentally change
the way an industry thinks.” (Vacon 2008). The 0,3 MWatt model reduces its GHGs
compared to similar products by 192 tons per year, while 25% less energy is spent.

Figure 37: Heart of Quantima VSD motor driven Compressor (Vacon 2008)
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6 ANNEX
The International Energy Agency (IEA) together with the Regional Centre for Renewable
Energy and Energy Efficiency (RCREEE) and the League of Arab States, organized an Expert’s
Roundtable on Energy Efficiency Policy Recommendations for the Arab-SEMED region,
according to which all sectors should(International Energy Agency 2008):
•
•
•
•
•

Establish energy data collection capacity
Develop national energy efficiency plans
Facilitate private investments
Designate lead energy efficiency institutions
Progressively remove energy price subsidies

While the recommendation policies for the industrial sector suggest:
•
•
•
•

Require adherence to energy management protocols
Require minimum energy performance standards for equipment
Promote energy efficiency for small and medium enterprises (SMEs)
Put in place complementary policies to support industrial energy efficiency
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