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Abstract: Although there are no accurate data in the world on food losses and waste,
according to the FAO, globally about one third of the food produced is lost or degraded as
waste along the food chain, from production to consumption. The large scale of food losses
and waste leads responsible politicians and strong economic players not to see this as a
coincidence, but as an integral part of food systems. Successful reduction of food losses
and food waste will save natural resources for future generations and has the potential to
improve food security and nutrition by meeting the goals of the Agenda 2030 on Sustainable
Development Goal n. 2: No hunger and Goal n. 12: Responsible consumption and
production. We are witnessing a growing support for methods of sustainable agricultural
production, which include e.g. also agroecology, sustainable intensification, climate-
friendly agriculture, or smart technologies. Sustainability means the long-term ability of
food systems to provide current food security so as not to threaten the environmental,
economic and social ecosystems that generate food security and nutrition for present and
future generations

Purpose: Goal of the article is to point out on sustainable agriculture, food losses and waste
in terms of environmental requirements in relation to food safety and nutrition. Sustainable
agriculture and sustainable access to natural resources play an important role in securing
current and future generations of food production.

Design: In order to obtain primary data there were 5 surveys were carried out in the Slovak
republic. Surveys were carried out in agricultural enterprises, food processing enterprises,
retail, distribution and catering establishments and in Slovak households in the period from
September 2019 to August 2020.Based on results of the surveys article presents overall
summary of obtained data.

Findings: Climate change is affecting agriculture, including lower yields and productivity,
drought and water scarcity, extreme temperature stresses, lower forest productivity, weed
growth and new diseases caused by viruses and foodborne diseases. All this leads to rising
prices, has a negative impact on health, food security and nutrition. Increasing weather
variability and natural disasters associated with climate change have multiplier effects on
agricultural production, which significantly affects food trade and food consumption.

Key words: food waste, food losses, sustainability, food systems, environmental
management

Introduction

Despite the urgency and severity of this global problem, there is currently no
uniform definition of food waste, food loss or food waste. The most common
definition is by FAO (2014) which defines food losses as a reduction in the quantity
or quality of food, regardless of the causes originally intended for human
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consumption, with a reduction occurring at all stages of the food chain from harvest
to harvest and ending in consumption. MARD SR (2016) also defines the term food
loss, which means the amount of food that is produced for human consumption, but
for various reasons is lost from the food chain. It is the difference in the quantity of
food under Article 2 of Regulation No. 178/2002 at the beginning of the food chain
(moment of leaving the farm) and the amount of food at the end of the food chain
(use by the final consumer). Food losses can be generated before, during or after the
preparation of food in households, as well as food losses occurs through activities
that are also carried out by commercial establishments and catering services.

Food waste is any food, and inedible parts of food, removed from the food supply
chain to be recovered or disposed, including the following destinations: composting,
crops ploughed in/not harvested, anaerobic digestion, bio-energy production, co-
generation, incineration, disposal to sewer, landfill or discarded to sea but not
including food or inedible parts of food removed from the food supply chain to be
sent to animal feed or bio-based material/chemistry processing (Tostivint et al.,
2016).

Research background

Food losses and food waste are expressed in caloric values in some studies. This
caloric approach seeks to more effectively express food losses and food waste along
the entire food supply chain. This concept applies the optics of "caloric efficiency"
of food systems, expressing the fact that as food systems of plant and animal products
proceed in the transformation of the original calories into calories intended for
human consumption and how these are effectively used in the final phase of
consumption. Such caloric expression of food losses was also used by the authors in
their publication "Future Food Systems" (2020).

The backward or lack of infrastructure related to existing post-harvest
technologies and storage structures plays an important role in food losses, which
severely limits the ability of these countries to transform their agricultural production
into food products that can be stored, especially for fruits and vegetables. The result
of such a weak post-harvest and storage infrastructure, as well as limited transport
options, cause a large volume of food waste.

Food losses and waste have a significant impact on food sufficiency. (Alexander
etal., 2017). According to FAO estimates, in 2016, 13.8% of food produced was lost
in the food chain, from farm levels to food storage, before it entered the commercial
network (FAO 2019). This figure does not include food waste caused by consumers,
which is of high value, especially in developed countries and urban agglomerations.
below shows the distribution of food losses and waste along the supply chain in
aworld (Table 3).
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Table 3. Proportion of food waste at different stages of the food supply chain

according to different available studies (in %)

FAO FH Bio Fusions
(data Foodspill . Intelligence (7TRP)
. Miinster .
for (Finland) (Germany) Service
Europe) y (EV)

Production 23 19-23 22 34,2 11
Erocessmg 17 17-20 36 19,5 19
industry
Retails 9 30-32 3 51 17
Consumers 52 28-31 40 41,2 53

Source: WRI analyse based on study Global food lossses and food waste, FAO 2011. Rim:
FAO OSN: Jun 2013; http://www.mtt.fi/foodspill, 2011; https://www.fh-
muenster.de/isun/lebensmittelabfall-projekte.php, 2012; (Gustavsson et al., 2013); FUSIONS,
,,Estimation of food waste in Europe “, 2016.

Figure 1. Distribution of the food losses and food waste along the supply

chain

Source: The future of food and agriculture. Trends and challenges, 2017, FAO, p.114, ISBN 978-92-5-

109551-5

Food systems intersect with other systems that are directly related to sustainable
development goals (SDGs) e.g. Progress towards Sustainable Development Goal
2 of Agenda 2030 "Zero hunger" directly affects Goal 3 on health and vice versa.
Sustainable Development Goal 6 on access to clean water and sanitation
infrastructure is essential for food production as well as for human nutrition. Goal
12 on responsible production and consumption is important for achieving sustainable
food security and nutrition. Goal 13 on responsible fishing and 15 on biodiversity
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are equally directly related to Goal 2 "Zero hunger", just as aquatic and terrestrial
ecosystems support food production.

According to HLPE (2014), food systems concentrate all components
(environment, people, inputs, processes, infrastructures, institutions, etc.), activities
related to the production, processing, distribution, preparation and consumption of
food and the outputs of these activities, including social, economic and
environmental results.

Sustainable agriculture and sustainable access to natural resources play an
important role in securing current and future generations of food production. We are
witnessing a growing support for methods of sustainable agricultural production -
which includes e.g. also agroecology, sustainable intensification, climate-friendly
agriculture, or smart technologies. Sustainability is understood in the wider literature
as an integral part of the concept of food security (Lang and Barling, 2012; Garnett,
2013; Berry etal., 2015; Béné et al., 2019) and is the central idea of policy initiatives
related to sustainable development goals. Sustainability means the long-term ability
of food systems to provide current food security without compromising the
environmental, economic and social ecosystems that generate food security and
nutrition for current and future generations (HLPE, 2020). Sustainability as a
dimension of food security applies the practice of food systems that long-term
respect and protect ecosystems in conjunction with the economic and social systems
needed for food security and nutrition (El Bilali et al., 2017).

Methodology

Goal of the article is to point out on sustainable agriculture, food losses and waste in
terms of environmental requirements in relation to food safety and nutrition. In order
to meet the set goal, 5 surveys were carried out, which were realized in agricultural
enterprises (45 farms), food processing enterprises (42 companies), retail,
distribution and catering establishments (442 subjects) and in Slovak households
(2068 households) in the period from September 2019 to August 2020. Based on
results of the surveys article presents overall summary of obtained data, impact of
food waste on economy, environment and society and presents initiatives which
should be carried in order to improve environmental management in the Slovak
republic.

Food losses and trends in the development of technologies and innovative
approaches

The possibilities of reducing food losses that occur in the first stages of the food
chain are largely influenced by the more sophisticated technologies used. The
opposite of traditional technologies are digital technologies, which lead to increased
efficiency. New plant breeding technologies, such as genome editing, are
progressive compared to traditional agricultural biotechnologies, while there are
concerns about their environmental and social impacts. Persistent weaknesses, such
as post-harvest treatment and storage infrastructures, pose serious problems,
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including food losses and waste. In this respect, new trends in agricultural
development can contribute to the conservation of natural resources.

Data driven technologies are revolutionizing almost all sectors, including
agriculture and food. We are witnessing a huge amount of innovation and what we
know as "digital agriculture” assists in decision-making processes on farms,
including the use of inputs. This involves equipping technical equipment on farms
such as tractors, harvesters and other agricultural technologies with GPS systems,
satellites connected by digital sensors, the use of drones, or the application of
precision agriculture, which have been used in practice for many years. (Rose and
Chilvers, 2018).

An increasing number of farmers, especially in industrialized countries, are
increasingly using these technologies to increase the efficiency of inputs such as
energy, agrochemicals, seeds, etc. In other cases, farmers use these technologies to
address labour shortages, e.g. robotic milking parlour.

Farmers in less developed countries, including small farmers, are also beginning
to apply digital technologies, although there is a significant knowledge gap, so much
more research will be needed in this area to be able to take advantage of these trends.

These data-driven digital technologies have a major impact on food security and
nutrition, although there are still conflicting discussions about this. Proponents argue
that digital technologies allow farmers to make the right decisions by using
computer-assisted big data analyses that can help determine the application of more
optimal doses of fertilizers, pesticides and other inputs when used efficiently in their
fields.

However, critics emphasize that "technology alone™ cannot solve food security
and warn that the growing amount of specific data that can be transferred to large
private corporations providing these technologies and related services raises
important data ownership issues, and their management (Bronson and Knezevic,
2016).

Another group of experts emphasizes that these technologies are not available to
poorer farmers and may further accentuate inequalities between farmers in
developing and industrialized countries (Moseley, 2017).

Environmental impacts of food waste and food losses - Food waste versus
water waste

In 2015, climate change was listed by the UN among the 17 sustainable
development goals under number 13 - Climate protection. The sharp rise in global
temperatures, rising global ocean levels, frequent weather fluctuations are all
consequences of climate change. Water scarcity will multiply if this sustainable UN
target is not at least partially met by 2030. It goes without saying that average air
temperatures will affect agricultural production and lead to higher water
requirements for plants. Agriculture will have to prepare for such impacts of climate
change by using modern irrigation systems that, with minimal abstraction, will
maximize the efficiency of the water used, so that it leads to higher plant yields. Such
an approach will not save farmers from drought, but when drought comes, it will not
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result in the devastating effects of hunger and a lack of healthy food and nutrition.
Water consumption has doubled in the last century compared to population growth.
About 4 billion people out of a total of 7.9 billion lives in conditions of severe water
shortage for one month a year and at least 1.6 billion has no access to tap water.

Agriculture uses on average up to 70% of fresh water supplies. In developing
countries, this figure is as high as 95%. Agricultural fertilizers, pesticides and other
contaminants are among the main sources of water pollution which, if not properly
managed, cause significant social, economic and environmental damage.

Water is essential for every form of life, for all aspects of socio-economic
development and for maintaining healthy ecosystems. While, on the one hand, there
are sufficient drinking water resources from a global perspective, on the other hand,
further intensive development of agriculture and industry raises serious concerns in
terms of the long-term use of water resources. Water scarcity is one of the world's
greatest challenges today. Therefore, the issue of water has been included among the
17 sustainable goals of the UN, which are to be met by 2030. Water is listed under
the Goal No. 6 Clean water and hygiene. The priority mission of this goal is to ensure
the availability and sustainable management of water and sanitation for all.
Achieving this goal is very challenging, especially when we realize that for 40% of
people today, clean water and sanitation are not available. This goal is closely linked
to the protection of healthy ecosystems - mountains, rivers and wetlands.

Although there are sufficient supplies of drinking water in the world, more and
more regions, especially in the southern hemisphere, suffer from chronic shortages.
On average, agriculture requires 70% of water consumption for its production
processes, in developing countries it is up to 90%. Food production has increased by
100% in the last three decades. According to FAQ forecasts, the volume of this food
production will also need to increase by a further 60% by 2050 to meet the increased
food demand of the growing human population. According to corresponding FAO
research, irrigated areas are expected to support the growth of food production by
50% by 2050, but in the interests of sustainable development, only 10% more water
can be used than is currently the case. This will require the introduction of the most
progressive irrigation techniques, which will ensure the most efficient use of
drinking water while minimizing its consumption and achieving higher yields per
hectare.

The world has 1400 mil. km. cubic waters, but only 0.003% of this amazing
amount (45,000 cubic kilometres) are sources of drinking water. This water is used
for drinking, hygiene, agricultural and industrial production, but not all of it is
ultimately used for the aforementioned purposes, due to the fact that much of this
water is washed away by major floods. A huge amount of water is needed for food
production. According to FAO (2009) calculations, the daily dose of food needed for
one person requires 2000 to 5000 | of water. Water consumption for:

- the production of one hamburger requires 2400 | of water,

- the production of one egg requires 12 | of water,

- the production of one three-part cup of milk requires 200 | of water,

- 70 | of water is required to grow one apple,

- the production of one slice of bread requires 40 | of water,
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- the production of one potato requires 25 | of water,

- the production of 1 kg of beef requires 14 000 to 15 000 | of water,
- the production of 1 kg of chicken meat requires 4 325 | of water,

- 1000 to 3000 | of water are needed to produce 1 kg of grain,

- the production of 1 kg of lentils requires 1250 | of water (Figure 2).

1 Egg
12 | water

3
1 Apple

O’IO | water

1 Hamburger
2400 | water

Daily
consumption
of food 50001

for

S ! 1 Potato == v l
consumption_ 25 | water :

3dcl milk
200 | water
Slice of bread
401 water

Figure 2 Water consumption for production of food

Source: Own processing based on the data from The future of food and agriculture. Trends and
challenges, 2017, FAO, p.114, ISBN 978-92-5-109551-5

In food production, it should be borne in mind that water is used by plants in the
field by evaporation and transpiration. The amount of water consumed varies from
one plant to another depending on the place where it is grown, according to the
amount of precipitation, average temperatures, the type of plant, but of course also
the irrigation itself. E.g. pulses have a low trace of water consumption, as already
mentioned per 1 kg of lentils, only 1250 | of water are needed.

According to the FUSIONS project (2016), an estimated 100 million food wastes
are generated each year in the EU-28. The global warming potential (GWP) of
current food waste in the EU in 2011 is estimated at around 227 MT CO2 equivalent.
This is 16% of the total GWP of food use in 2011. There is a global FAO study:
Trace of food waste: impacts on natural resources, which emphasizes that the carbon
footprint of all foods produced but not consumed is at level 3, 3 G ton CO?
Equivalent. If the results of this study were to be truly confirmed, then the issue of
food waste would be the third largest source of emissions after the US and China
(FAO, 2015). According to the FAO, food losses and food waste are also the cause
of another 3.3 billion tons of greenhouse gases released into the atmosphere (FAO,
2014). Food waste has an impact on the environment, as its production leads to the

204



ICOM 2021 Zero Waste Management and Circular Economy

loss of valuable resources such as energy, water, soil and also to the generation of
greenhouse gas emissions polluting the environment (Brancoli, 2017).

The largest carbon footprint of food waste is in total cereals with 34%, followed
by meat and vegetables - both with a share of 21%. All food waste of animal origin
accounts for 33% of the total carbon footprint production, although its volume in
food waste is only 15% (FAO, 2013). In terms of per capita, the average carbon
footprint of food waste is 500 kg CO2 per year. Europe, North America, along with
Oceania and the industrialized part of Asia, have the largest carbon footprint per
capita per year. In these areas, the carbon footprint is approximately 700 to 900 kg
of CO? per capita per year (FAO, 2013). This includes industrially developed and
consumer-oriented countries. In these countries, the significant production of food
waste is at the end levels of the food chain - supermarkets, catering facilities and
households.

Use of waste for the production of alternative energy sources

The use of waste for energy purposes is an increasingly popular topic. As food
waste contains a large part of usable energy and the amount of municipal waste
generated by the population is increasing every day, it is necessary to recover this
waste.

At present, the issue of waste in Slovakia is regulated by the following laws:

- Act 343/2012 Coll., Amending and supplementing Act no. 223/2001 Coll.
on waste
At present, waste can be handed over to:
- biogas station,
- composting plant,
- Actno. 376 of 29 November 2016 amending Act of the National Council of
the Slovak Republic no. 152/1995 Coll.
On food, here in the autumn of 2016 the Ministry of Agriculture and Rural
Development of the Slovak Republic enforced an amendment to the Food
Act in an effort to reduce food waste, which brought the possibility of
donating food to charitable organizations after the expiration date.

The potential of biogas and bio energy in the world

The use of food waste would help solve global problems, for example by
producing biogas. In Slovakia, about 1.5 million tons of municipal waste is produced
annually, of which about 400,000 tons are organic waste, which is suitable for biogas
production (RES, 2015). Compared to global municipal waste production, which is
1.3 billion tonnes per year and is expected to double to 2.6 billion tonnes by 2025
(Worldwatch Institute, 2012). Currently, the most widespread supported biofuels -
biodiesel and bioethanol. Biodiesel is produced mainly from vegetable oils and
bioethanol from various cereals and sugar beets. These energy crops for biofuel
production need to be grown on a specific area, which means that they are dependent
on arable land and in some extreme cases this can lead to undesirable deforestation.
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The importance of these biofuels is growing worldwide and measures have been
taken within the EU to promote them in order to reduce greenhouse gas emissions
and promote cleaner transport. However, the truth is that biofuels contributed in part
to the global food crisis in 2006-2009, it is estimated that they are responsible for
30% to 75% of the increase in food prices during this period (Glopolis, 2011).
Biomethane or purified biogas remains an underappreciated biofuel. Biomethane has
the lowest greenhouse gas emissions and the lowest energy consumption in the entire
life cycle compared to other common biofuels and is produced from biomass (RES,
2015). The advantage is that biogas production is a relatively fast process. It can be
used as other gaseous fuels. Unlike fossil fuels, biogas has a positive environmental
impact on the environment. Careful handling does not damage the environment and
it is therefore possible to create friendly conditions in the relationship between
energy and the environment (EkoBonus, How do biogas plants work? An example
of an interesting solution from Ttebon, 2011). Material suitable for biogas
production is organic matter, which is mostly found in agriculture, the food sector or
in the breeding of livestock. There, a large amount of biological waste is generated,
which can be used very efficiently to produce biogas. It is also used as a source of
electricity, heat or as a fuel in transport. In addition, a secondary product in biogas
production is an environmentally friendly substance (so-called digestate), which
serves as a high-quality fertilizer in agriculture (EkoBonus, How do biogas plants
work? An example of an interesting solution from Ttebon, 2011). Biogas is created
by a natural process, which creates the formation of gases - biogas from organic
matter without the supply of oxygen, due to the action of bacteria, yeast or fungi. In
the wild, biogas is commonly produced at the bottom of lakes or in peatlands. The
gas mixture formed consists of about two thirds of methane (known as the main
component of natural gas) and one third of CO? (CZ Biom, 2009). Basically,
wherever there are people and the production of plant and animal production, there
are conditions for the production of biogas.

Discussion

Food systems with food supply chains have changed significantly in recent
decades and are characterized in particular by the growing distance between
producer and consumer as food chains become more global. Approximately 20 to
25% of world food production is sold on international markets (D’Odorico et al.,
2014). The value of the global food market has increased from 315 billion USD in
1991 to approximately 1.5 trillion in 2017 (WTO, 2018). Low- to middle-income
countries accounted for about one-third of this figure.

In addition to this context, there is much debate that large-scale food-exporting
countries are severely affected by the overloading of their ecosystems, in particular
the impact on soil ecology. At the same time, it is argued that it is more appropriate
to redistribute the environmental impacts of food production, so that there are no
serious environmental encounters in the countries that export the most food. (Balogh
and Jambor, 2020). In other words, the production and socio - economic conditions
of developing countries need to be regulated to produce more of their own food.

206



ICOM 2021 Zero Waste Management and Circular Economy

The biggest current environmental problems in Slovakia can be considered the
issue of climate change, waste management, air quality and protection of habitats
and species, especially in forest, meadow and wetland ecosystems (Green Strategy,
2019). Another serious challenge is the risk of biodiversity loss, which has been
going on for a long time, but a significant threat is only now occurring. According
to the FAO, about 75% of the loss of world plant diversity occurred in 1900 and
2000, with the largest decline around 1950. It is explained that this loss of
biodiversity is due to the expansion of monoculture agriculture. The three cereals
account for more than 40% of the world's caloric intake, making food diets more
homogeneous (Khoury et al., 2014). 2000 breeds of domestic animals are also at risk.

Conclusion

Climate change is affecting agriculture, including lower yields and productivity,
drought and water scarcity, extreme temperature stresses, lower forest productivity,
weed growth and new diseases caused by viruses and foodborne diseases. All this
leads to rising prices, has a negative impact on health, food security and nutrition.
Increasing weather variability and natural disasters associated with climate change
have multiplier effects on agricultural production, which significantly affects food
trade and food consumption. While, on the one hand, food systems are affected by
climate change, on the other hand, agriculture is the second largest economic polluter
of greenhouse gases after the energy sector. The FAO estimates that agriculture,
forestry and land use change generate one-fifth of GHG emissions. The share of food
systems in global emissions is even higher due to the use of agrochemicals, cattle
breeding, transport, storage, as well as processing and trade. Incorporating
sustainability into the concept of food security is logical, as trends such as climate
change, degradation of natural resources, as well as increasing social and economic
inequality, reduce the future capacity of ecological systems to face such
confrontations in the production of diverse and healthy food. It is therefore
imperative of this time to ensure the cooperation of social and economic systems
through regenerative methods of agricultural production, which ensure long-term
food security and nutrition.
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