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1. Introduction

With the beginning of the 2Ist century
we face a great challenge of increasing the
global food supply. A massive population
growth, resulting in growing demand for
food, requires new methods of intensifying
food production. While there are areas in the
world still lacking in food supply, increasing
competition for the use of energy, water and
land, combined with a growing consumption
of animal products, may limit further increase
in food production (Godfray et al., 2010). Also,
a sufficient amount of food produced globally
does not translate into reducing world hunger
and the problem is only deepening. Already
in 2009 the amount of produced food could
feed well over 1 %2 times more people than
lived on the planet and yet, since then, the
number of undernourished people only has
increased (FAO 2009, FAO 2018). It means
that problem lies in food distribution and
global inequalities. While in some countries
(mostly of Global South) millions of people
suffer from hunger, in other parts of the world
staggering amounts of produced food are
wasted. According to FAO (2011), each year 1.3
billion tons of food (about a third of all that
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is produced) is wasted. Furthermore, 1.4 billion hectares - 28% of the world’s
agricultural land area is used to produce this food.

However, scientists still work on finding solutions to reduce global food
wastage. The goal of this paper is to assess current trends in research into food
waste management innovations in social sciences and to map them. To achieve
this we extracted 107 articles from the Web of Science database using keywords:
“food waste” and “innovations” or “technologies”. Then we grouped them by the
part of supply chain they concern and type of innovation they include.

This paper consists of five parts. In this part we introduce our research idea
and goal and provide grounds for it. Research background including latest
data and economic theories is presented in the next part. Part three extends the
justification of our research and explains the method of systematic literature
review we followed. In part four we present synthetic results of our review. In
the last part we draw conclusions about the latest research trends and potential
research gaps.

2. Research background

It is necessary to define what exactly is considered as “food waste”. Following
FAO (2011), after Parfitt et al. (2010), we could introduce here distinction between
“food waste” and “food loss”. According to these sources, “food losses” refer to
the decrease in edible food mass throughout the part of the supply chain that
specifically leads to edible food for human consumption. “Food losses” take place
at production, postharvest and processing stages in the food supply chain. “Food
losses” occurring at the end of the food chain (retail and final consumption) are
rather called “food waste”, which relates to retailers” and consumers’ behaviour.
Similar definition of these terms is followed by Kummu et al. (2012). On the other
hand Hodges et al. (2010) proposes to distinguish term “postharvest loss”, which
refers to measurable quantitative and qualitative food loss in the postharvest
system; “food loss”, which is a subset of above mentioned and represents the
part of the edible share of food that is available for consumption at either the
retail or consumer levels but not consumed for any reason; “food waste” which
is the subset of food loss that is potentially recoverable for human consumption.
Finally, in some papers “food loss” and “food waste” terms are treated as
synonyms (Halloran et al. 2013) or combined into one term “food losses and
food waste” (Xue et al. 2017).

In this paper we decided to analyse the widest category, treating “food waste”
and “food loss” as synonymous and concentrating not on the product but
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the process of food wastage. In particular, to analyse potential innovations in
whole food supply chain which avoid wastage of food products intended to be
consumed. Our review revealed that many authors do not follow any particular
distinction and analyse “food waste” even at the earlier stages of supply chain,
which in accordance to FAO (2011) should be treated as a “food loss”. As a keyword
for review “wast*” has been used due to the fact that it returned more records
(107) than loss (40). Furthermore, both categories overlapped almost completely
(111 records in the option “food wast*” or “food loss”).

Food wastage can occur in many situations. Food can be lost on the way
between the producer and the market. It may be result of pest infestations or
other problems at different stages of farming, such as pre-harvesting, harvesting,
handling, processing, storage, packing or transportation. In the later food supply
chain stages food wastage occurs by discarding or alternative (non-food) use of
food that is safe and nutritious for human consumption. For instance, when fresh
produce is removed from the supply chain during sorting operations because of
its unsatisfying shape, size of colour, it is considered food waste. Many food
products are also discarded by retailers and consumers when they are close to
“best-before” dates. Lastly, significant amounts of wholesome edible foods and
leftovers are thrown away (wasted) in households and restaurants.

As it was mentioned before, the amount of food wasted varies considerably
by region. The countries with highest food wastage are those with higher GDP.
For instance, the per capita food wastage in Europe and North America reaches
volumes of around 280-300 kg per capita per year, while it is around 120-170 kg
per cap per year in Sub-Saharan Africa and South/Southeast Asia. The difference
is also noticeable in carbon footprint. To produce food lost or wasted in North
America and Oceania 860 kg of CO2 equivalent per year per capita is emitted. In
Sub-Saharan Africa this value is equal to 20 kg (FAO 2018).

Also, different amounts of food and resources are wasted at different parts of
the supply chain. At the consumer stage the wastage is the highest in countries
of medium/high income (FAO 2011). In comparison to other goods, the demand
for food in countries with higher GDP is generally steady. With the growth of
income, the average household expenditure on food grows insignificantly and
its share in total expenditure structure lowers. This law is known in economics
as Engel’s law (Dudek et al. 2012). This means that after buying enough food to
satisfy its needs, the average family still has a significant part of their income to
spare. Therefore the possible loss from buying some extra products that may be
wasted is relatively lower. Also, the availability of food in rich countries impacts
consumer preferences. High expectations of produce quality and appearance
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cause a greater percentage of total post-harvest losses (Kader, 2005). Wastage
may also be a result of poor adjustments of the agricultural production. Low
elasticity of supply characteristic of agriculture means that farmers are not
able to react quickly to a slump in demand and prices. This often results in
overproduction (Czyzewski, Staniszewski 2015).

In countries with low GDP, where poverty is more common, the loss usually
occurs at the distribution and storage stages. The lack of sanitation and proper
heating systems are the main barriers in storing food for a necessary amount
of time before product is provided to consumers. Addressing food waste is
therefore not only about resource losses, but also about food availability and
self-sufficiency (FAO 2011). These are essential for the developing countries (of
lower GDP) to achieve resilience against global prices shocks. Another issue
is that developing country regions of the world are also susceptible to water
scarcity, and in the future the ongoing climate change poses a threat of serious
shortages there (Scialabba 2011).

This polarisation of problems between different countries and continents adds
to the complexity of food wastage dilemma. The countries of higher GDP must
concentrate on reducing qualitative losses (result of consumer preference and
behaviour), while in low-GDP countries the quantitative losses are of higher
priority (Kader 2005). Therefore, different stages of distribution need to be
improved or even re-designed. It is, however, in the general interest of entities
at each part of the chain, to avoid any loss or waste. For this reason, a lot of time
and resources is invested in search for innovations that can reduce food wastage.

Innovation plays a significant role in social and economic development. It is,
however, often incorrectly associated only with technological advancements.
Many definitions of the term take from Schumpeter’sidea of innovation, according
to which it can be either a new product, service or method of production, new
way to organise business or open up new markets - both purchasing and sales
markets (Hospers 2005). In this sense, a combination of old ideas, a copy or
imitation of existing ideas would still, in fact, be an innovation. Jacobs (2009)
noticed that innovations are embedded in cultural and social contexts and
perceiving them as only technology-based can suppress their diffusion. He
stated that innovations can be divided into two types: those basing on new
technologies and non-technical ones, requiring human skills or intervention.
With non-technological innovation, achange requires implementing new ideas or
approaches either within innovator’s organization, or between different supply
chains. It is worth mentioning that in case of food wastage, the general statement
is that both technological and behavioural changes need to be introduced to
tackle the problem (Dorward 2012).
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3. Motives for undertaking and methodology of the research

The role of innovation is crucial for resolving an issue as complex as food
wastage. In recent years the number of articles concerning food wastage
innovations has grown significantly. Articles extracted for research that were
published in 2017 and 2018 accounted for 58% of the total (62 out of 107) while in
previous years the share of publications was 11.2% (12 articles) in 2016 and 6.5%
in 2015 and 2014 (7 articles each year). Our goal was to see what innovations
are the most popular and what parts of the chain are addressed most often in
research.

A similar review was done by Weltin et al. (2018), with literature concerning
sustainable intensification of food production. Scientific articles were explored
and demonstrated in a map, where they were grouped by their fields of action.
The authors developed a conceptual framework that provided a holistic
understanding of a broad field of study after two decades of research.

The division proposed by Jacobs (2009) presented earlier is especially interesting
for food supply chain, where wastage occurs at each part and involves many
factors. We decided to group innovations in 2 dimensions: by their type and part
of the supply chain involved. However, to be more precise, we decided to extend
this division of innovations to three categories:

e technology-based innovations,

¢ expanding the use of existing technologies,

e strategic planning, policy and social practices - regarding actions of producers
and retailers, as well as consumer behaviour.

The research was based on the Web Of Science database, and the articles
with phrases: TS=(“food wast*” and (technolog® or innovat*)). Results were
taken from all years and limited to social science databases: SSCI (Social
Sciences Citation), CPCI-SSH (Conference Proceedings Citation Index - Social
Science & Humanities) and BKCI-SSH (Book citation index. Social sciences &
humanities).

Given phrase resulted in the query of 107 articles which were analysed. Among
them, 24 were rejected for the following reasons:

e focus on food waste, but no solutions were presented (11 articles). Some articles
gave comprehensive background on the problem of food wastage, but without
mentioning actual solutions;

e not relevant (13 articles). Articles concerning malnutrition, sustainable diet or
observations of food wastage in particular world regions which did not cover
the key topic.
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In other 83 articles, at least one solution, technology or practice was identified
and grouped by the part of the supply chain and type of innovation it involves.
Summary of the research is presented in tables 1., 2. and 3. Numbers on the
left indicate the number of times the innovation was mentioned in the articles.
Numbers in brackets following some solutions show how many of all articles
included this particular example.

Many articles addressed the importance of strategic planning, improving the
flow of information or political incentives generally and on each level. However,
it was not counted unless the article did not refer to any specific solution. If
the importance of particular solutions was a highlight of the article, but still
none was named, it fell under a more general category, e.g. “policies impacting
consumer behaviour”.

Also, some articles pointed at such techniques as vertical farming, drip
irrigation or even anaerobic digestion which are known and commonly used in
agriculture and utilisation of biomass for biogas. In this sense, the techniques
have been exemplified as ways of making the production systems more efficient.

Some of the articles did not address food waste directly, but had to do with
municipal waste disposal, which is also a part of waste management. As most
of the organic municipal waste is biomass, a significant part of which is coming
from food waste, they also were included. The organic fraction of municipal
food waste can be used for energy recovery and was included in the final stage
of the food chain (utilisation).

4. Results

The result of grouping is presented in tables 1., 2. and 3., presenting different
types of innovation. The greatest concentration can be observed at the final links
of the chain: 5 - retail (23), 6 - households (26) and 7 - utilisation (43). 23.3% of
innovations were classified as technology-based (24 out of 103), 45.6% involved
expanding the use of existing technologies (47 out of 103) and remaining 31%
included solutions other than technological (32 out of 103).

Firstly, let us consider solutions on the first part of the supply chain. At the
stage of agricultural production no other innovations were found except for
possible improvements in production efficiency. Changes of policy in donating
surplus may include for instance making it compulsory for supply chains (as
introduced lately in Poland).

In part 2, few articles point at the existence of solutions improving food
packaging. Kouwenhoven et al. (2012) presented a case of profitable business
based on converting the horticulture waste into fresh vegetable juices and
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natural food colours. It enables reprocessing class 3 greenhouse vegetables into
consumer products. McDowall et al. (2017) mention the Eco-design directive and
Action Plan, both designed by European Union to implement circular economy
policies. The directive sets minimum energy efficiency standards for different
products to reduce their impact on the environment. The Action Plan proposes
extending produce responsibility rules. It is set to reward products that are
designed for easier repair, remanufacture, or recycling. Even if it is doubtful to
treat directive as an innovation, it encourages innovativeness in food packaging.

That is why it has been mentioned here.

Table 1. Types and popularity of anti food wastage technologies

by part of supply chain - technology-based innovations

1- Agricultural

2 - Processing &

. . 3 - Storage 4 - Transport | 5 - Retail & restaurants 6 - Households 7 - Utilisation
production packaging
weight-based
system to
quantify the
. amounts of
. . robot1c§ food waste (1), new techniques of
innovative technologies . ;
. . e.g. Household- valorising biomass:
food (automating quick- O
ackaging service operations Based Food valorisation of
P in fast food Waste Charging Forage Opuntia
in fast foods) System
(RHWC)
through RFID
@
biopolymers
s foo.d smartphone refuse paper and
ackagin; P pap
(siafoozcgi b%/- applications plastic fuel (RPF)
product)
packaging that
absorbs Time and insects bred on
ethylene (a .
hormone that Temperature organic waste as
. Indicator Labels animal feed
speeds fruit
ripening)
conyerﬁng observational
horticulture
. technology to
waste into
fresh study In-Store
Behaviour:
vegetable
g Shopper Flow
juices and Trackin
natural food &
colours System

smart fridges
and smart
shopping
trolleys

mobile food
record (mFR)

BinCam - trash
bin capturing
disposed trash

Source: original study based on the Web of Science
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Table 2. Types and popularity of anti food wastage technologies
by part of supply chain - expanding the use of existing technologies

1 - Agricultural
production

2 - Processing &

packaging

3 - Storage

4 - Transport 5 - Retail & restaurants

6 - Households

7 - Utilisation

drip
irrigation

heat transfer, cleaning and

improvements

sanitation

6 food donating channels

11

composting

vertical
2 farming
technology

real-time temperature
monitoring with wireless
networks

improving operative conditions of
refrigerators

11

technologies in
anaerobic
digestion: to
produce energy

2 IT - integrating information for improving efficiency of resources

Design for
Sustainable
Behaviour
(DfSB);

networks of
waste by-
products,
electricity and
heat (waste-to-
energy - WtE
technologies)

food waste
grinders

incineration (1),
methane
fermentation
and feedstock
recycling (2)

anaerobic

digesters
provided to
households

producing
fertilizers

system dynamics model for energy use

gasification for

Source: original study based on the Web of Science

biogas
v

Table 3. Types and popularity of anti food wastage technologies
by part of supply chain - strategic planning, policy and social practices

1 - Agricultural

2 - Processing &

7 - Utilisation

production packaging 3 - Storage 4 - Transport | 5 - Retail & restaurants 6 - Households
change of policies
policies for . . g T, impacting food waste as
2 donating 1 supplier - retailer take-back practices: policy improvement consumer 4 animal feed
surpluses behaviour
rewarding
products that .
) marketing .
are designed hvsicall alternative strenethenin:
for easier pysicaty distribution gtaening
1 2 | unappealing food 1 | deconcentration of
remanufacture, systems, food .
R (1) or crops of low . recycling centres
or recycling demand (1) sharing systems
(Eco-design
directive)
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marketing food of
higher value, such
as fruit, vegetables

and other nutrient-

dense crops (1) or
long-lasting food

@

experiments

done to raise
consumer
awareness

discounts and
secondary
discount markets

date labelling
standard that
eliminates
disparate and
unclear labelling
standards

doggy bags in

restaurants

contractor's
submission of an
annual report
detailing the
weight of food
donated,
composted or
discarded

CSR practices (1)
and sponsorships

™

policies impacting
retailer’s
behaviour

internal
distribution to
employees

1

remanufacturing
and repackaging

EU funded projects for sharing knowledge such as Engage 2020,2 RRI Tools,3, INPROFOOD4 or CIMULACT,5 the RRI, European Technology
Platform (ETP) “Food for Life,” 2016

v

Source: original study based on the Web of Science

There were no innovations concentrated strictly on the parts of the chain
involving storage and transportation. Many more articles were dedicated to
improvements at the stage of retail and restaurants. At this stage a lot can be
achieved through strategic planning and marketing. There is also an example
of a policy called The Protecting Americans from Tax Hikes (PATH) Act. It
enables US food businesses to receive tax benefits when donating food to
charitable organizations (Evans and Nagele 2018). Donors can deduct the cost of
production and half the difference between the cost and full fair market value of
the donated food from their taxable income. Such tax incentives, if popularised,

could motivate retailers to foster more such actions.
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Food waste in households showed the biggest potential for improvements
through technology-based innovations (10 articles). It can start from monitoring
customer’s choices while shopping, e.g. through In-Store Tracking System.
Observing shopper’s journey through the store and further behavioural analysis
allow to assess customer routines and what triggers them to buy excess food
(Larsen, Sigurdsson, Beivik 2017). Other articles involve financial penalties.
For instance, two types of food waste charging systems: household-based and
community-based were implemented in district of Seoul in South Korea (Lee and
Jung 2017). It is designed to electronically charge every household depending on
the weight of biomass they disposed through Radio Frequency Identification.
Thatrequiresregulations forcing citizens to sort their waste. Although the policies
may work well in the Korean society, introducing them in other countries could
start protests. Evans and Nagele (2018), from the USA, note that more politically
conservative societies may resist heavy-handed governmental involvement due
to their privacy concerns. For instance, The Universal Recycling Law requires all
state residents in Vermont to separate food waste from trash may be impossible
to introduce in other states.

Another technology-based solutions were mentioned by Tu et al. (2018). They
proposed effective product design programs that promote sustainable behaviour
of the new poor during product use (Design for Sustainable Behaviour). Repertory
Grid Technology, which takes from theory of personal construction, is used to
establish human behaviour that can be then used to design home appliances
in a more “smart” way. Using them was proven to significantly reduce food
wastage. That can be achieved for instance by using refrigerators designed with
eco-information and eco-technology, that are be able to print expiry date alerts
or shopping lists and send them by text or email. However, advancements do
not necessarily need to be technology-based. The authors mention that even
a small intervention such as resizing plates can significantly reduce household
food waste.

A great part of articles was dealing with wasted food, proposing or promoting
ways of utilising or recycling the biomass. This includes different usages of
anaerobic digestion. The variety of food processes globally each year generate
waste on a multi ton scale. A lot of the lost material is biomass, which is a valuable
resource for a biorefinery. One of the proposals is also to provide households
with home digesters and encourage composting (Nandhivarman et al. 2015).
Another field of study deals with combined recovery systems, which allow for
efficient recovery of the resources. For instance, refuse paper and plastic fuel
(RPF), a system in which separated paper, plastic, and RPF is incinerated and
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used for wet methane fermentation. The amount of energy recovered from the
system was 54.5 kWh/t, and the efficiency reached 33.4%. The technology may
improve efficient waste management systems that is particularly important in
the transition to low-carbon cities (Ohnishi et al. 2016). Efficient energy recovery
occurs through a combination of waste-to-energy systems for a low-carbon city.

There is a noticeable disproportion between research activities at the first and
last parts of the supply chain. Apart from integrated systems that engage the
whole supply chain, not much attention is brought to transport or storage, which
are areas with possible potential for further improvements.

5. Conclusions

The problem of food waste and food loss affects all parts of the world and
requires integrated global solutions. Despite growing interest among scientists
in this area, over the last years the amount of waste has been gradually
increasing. The goal of this research was to map food management innovations
for reduction of food wastage and to assess the current trends in developments
at different parts of the supply chain.

The review revealed that most of studies proposed dealing with the problem
of food wastage not by prevention, but by mitigating negative consequences. It is
reflected in the fact that the most of the proposed solutions was supposed to be
implemented at the last stage of food chain and concerned the topic of utilising
waste by, for example, converting it to energy or composting. A lot of attention
gathered also other two final stages of food chain - “retail and restaurants”
and “households”. Here particularly popular were solutions based on IT, policy
changes and awareness-raising campaigns.

However, our study revealed also significant research gap in the topic of
innovations reducing food wastage at earlier parts of the supply chain. It is
even more surprising, knowing that wastage at these stages is more common
in countries of lower GDP, where well addressed innovations may help fight the
problem of hunger and malnutrition. The focus on the later stages of the supply
chain can be explained to some extent by the country of origin of the analysed
papers. They mostly came from the developed countries - in 20% from USA,
in 19% England, in 13% Italy and in 10% Sweden. First developing country on
this list is China with 9,3%. It seems that researchers from developed countries
concentrate at the first place at problems more common in their countries. Another
explanation might be the logic that the more fundamental problems of food
waste in developing world do not require innovation but the implementation of
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technologies already in use in developed economies. Exploring this thesis might
be an interesting starting point for further research.

Summary

Keywords:

Streszczenie

Food management innovations for reduction in food wastage -
a systematic literature review

The goal of this paper is to assess the current trends in research
on food waste management innovations in social sciences and
mapping them. To achieve this, 107 articles were extracted from
the Web of Science database with the keywords food waste and
innovations/technologies. Then, we grouped them in accordance
with part of supply chain they concern and type of innovation
they propose. We identified that the majority of the innovations
concern the final stages of the food supply chain. It makes them
more suitable for developed countries, where the wastage is the
greatest in this phase of production. It also indicates a research
gap in waste-reduction technologies in the initial stages of the
food supply chain. Improvements in this field may be particularly
beneficial from the food security point of view, because countries
suffering from food shortages waste most of their supplies in the
early stages of production.

food waste, food chain, innovations, systematic literature review.

Innowacje w zakresie zarzadzania zywnoscia ograniczajace jej
marnotrawstwo - systematyczny przeglad literatury

Celem niniejszego opracowania jest ocena aktualnych trendow
w badaniach spolecznych, poruszajacych kwestie innowacji
w dziedzinie zarzadzania produkcja zywnosci, wprowadzanych
dla ograniczenia jej marnotrawstwa. Aby osiggnac¢ ten cel,
z bazy danych Web of Science wyselekcjonowano 107 artykulow
zawierajacych stowa kluczowe ,marnotrastwo zywnosci” oraz
»,innowacje/technologie”. Nastepnie zaproponowane w nich
rozwigzania pogrupowano zgodnie z etapami tanicucha dostaw,
ktérych dotyczyly oraz rodzajem innowacji. Ze stworzonej ,mapy
innowacji” wynika, ze wiekszosé¢ rozwiazan dotyczyto koncowych
etapow laricucha dostaw zywnosci. Sprawia to, Ze s one bardziej
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przydatne dla krajéw rozwinietych, w ktérych marnotrawstwo
jest najwieksze w tej fazie produkcji. Wskazuje to réwniez na luke
badawcza w technologiach redukcji odpadéw na poczatkowych
etapach ancucha dostaw zywnosci. Usprawnienia w tym
obszarze moga by¢ szczegé6lnie korzystne z punktu widzenia
bezpieczenstwa zywnosciowego, poniewaz kraje cierpigce na
niedobory zywnosci marnujg wiekszos¢ swoich zasobéw wiasnie
na wczesnych etapach produkgji.

marnotrawstwo zywnosci, tanicuch dostaw, innowacje, systematyczny
przeglad literatury.

Classification: Q16, Q55
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