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Abstract

Achieving global food security requires addressing series of challenges, from food waste accumulation in the food
supply chain (FSC) to tackling the gender disparities and climate-related concerns to promote sustainable consumption
and production practices at several stages of the FSC. The paper presents a macroscopic review on several tools and
techniques for improved decision making in food security-related projects focusing on areas of food waste
management for circular food supply chain and for proper information management systems to tackle the prevalent
challenges. Food waste prevention measures are also discussed covering all the three sustainability pillars. Food waste
prevention strategies are effective in reducing the greenhouse gas (GHG) emissions and are considered effective in
food waste treatment than the conventional food waste reduction practices. Food waste management and information
management systems are regarded as a cross-cutting argument of high relevance for food sustainability-related
research and policy implementation. The results show that the study conducted can stay as the basis for developing
customizable toolkits and methodologies for region-specific food security and sustainability related challenges.

Keywords: Food security, Sustainability, Food Waste Management, Circular Food Supply Chain, Sustainable
Consumption

1. Introduction

Food security and sustainable practices are development goals that form a part of any progressing economy resulting
from individual actions such as farming, fisheries, poultry, forestry, and other development activities (FAO, 2015).
Distortions in the earth’s system dynamics can drastically affect multiple socio-economic and environmental
parameters (FAO, 2008). These result in food insecurities that arise due to fragmented impacts on climate, land use
patterns, production patterns on agricultural lands, and market values.

Identifying insecure food hotspots can aid in assessing the underlining causes associated with food insecurity and
unsustainable practices (WFP, 2019). Picturizing vulnerable situations can help frame better operational and execution
models (Kutty et al., 2020). Such attempts require a combination of conventional tools with advanced modern
technologies and methods. Additionally, proper information management helps in tackling food insecurity challenges
and achieve sustainability in production and consumption practices. Cutting down the food waste in the FSC can also
help bridge the gap between food availability and demand by a surplus of 20% by 2050 (Searchinger, et al., 2018).
FSC’s have started adopting waste valorization strategies to promote circular economy principles where waste
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generated at each stage in the supply chain is used as an input to fuel subsequent levels in the supply chain, thus
minimizing waste.

All these require proper data to be collected, monitored, analyzed, mapped, and visualized at several stages in the
FSC. Data plays a vital role in delivering high-level insights about the prevailing insecurities across several areas and
help in understanding changes both in the long term and short-term periods. A wide variety of tools and techniques
exist in grey literature and academic articles that are used for monitoring and evaluating food wastes, the impact of
climate changes on agricultural yields, disruptions in food supply chains, and cohesion in information management
systems. A harmonized understanding of these tools and techniques to conduct better analysis and tackle these
challenges is essential.

This research paper aims to bring out a macroscopic overview of several data management system tools and techniques
used for food security-related projects. The research extends its focus on several tools, techniques, predictive models,
and methods also related to the area of food waste management and disruptions in the FSC in focus to food security
and circular economy.

The paper follows the structure were: Section 1 brings a brief introduction followed by Section 2 which highlights the
motivation behind undertaking the research pointing towards the need to implement sustainable practices in tackling
food insecurities. Section 3 describes the method used to undertake the macroscopic study followed by Section 4
discussing about several data management system tools and techniques. Section 5 section covers a review of tools,
techniques, predictive models, and methods related to the area of food waste management and disruptions in the FSC
in focus to food security and circular economy. Section 6 deals with food waste prevention measures for household
food waste (HFW) and municipal food waste (MFW). The final section, Section 7 brings to limelight some futuristic
measures to focus and encapsulates the research.

2. Research motivation

The data produced in food security-related projects include a) climate-related data for agricultural disaster analysis
and risk management b) food production and consumption data c) food supply and demand data d) commodity price
and trade-related data.

The information generated needs to be secured, and the data produced in food security-related projects need to be
conscientiously assessed for technically supporting the IF system, basically, even after the project completion phase.
In order to develop customizable database management systems, tools, data mapping systems, data visualization
platforms, methodologies and sustainable solutions for food security-related projects tailored in accordance to several
geographic variations and technological capacity, a better understanding of various tools, systems, methods and
techniques used in related projects, scholarly articles and grey literature need to be framed.

Proper food waste assessment at multiple levels of the FSC requires proper tools. For this, proper knowledge and
understanding of the existing tools and techniques for tracking and assessing food waste at several stages of the FSC
is essential. These tools help to gather better insights in customizing region and domain-specific tool kits and
valorizing strategies for the circular supply chain.

An extensive Scopus and ISI Web of Science database search with an extended search on several technical reports
conducted during the study highlights that no research area has yet focused on bringing an overall review of the
existing tools and techniques related to sustainable food security projects. Thus, a macroscopic understanding of this
body of knowledge is essential to implement sustainable practices in tackling food insecurities. This justifies well the
rationale of the research.

3. Method

This paper presents a macroscopic review of literature in the area of food security, related to the tools and techniques
focusing on the data management systems and food waste management in the FSC as an attempt to address the research
objectives. In addition, a review on the sustainable food waste prevention measures focusing on household food waste
is also presented. Initially, the paper identifies the research objectives, formulates the research questions to be
addressed, and develops a set of criteria (both inclusion and exclusion) that determines the choice of selection to fit
the context they address.

A search using keywords in the Scopus online database, including a combination of words such as “Food Security,”
“Sustainability,” “Food supply chain,” “Circularity,” “food waste” etc., for selecting peer-reviewed articles were
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conducted. The authors have selected peer reviewed journal and conference articles in the English language, as the
inclusion criteria for the research. We have excluded articles in other languages (Spanish, Portuguese, Chinese,
French, and German) than English. This search was conducted to obtain several tools, techniques, methods, and
methodologies focusing on areas of food waste management for circular food supply chain and for proper
data/information management systems.

The search yielded a total of 1,032 articles, of which 124 articles were related to the selection criterion and were used
for further investigation after skimming through the abstract. Further investigation leads to the break down of articles
to 67 documents based on their novelty and applicability in the area of food security and food circularity, rather than
focusing on discussing the conventional tools and methods that were felt least relevant. Finally, all the valuable
findings were manuscript into a macroscopic review paper. Several articles from magazines, book sections, annual
government statistical reports, and online articles were used to support the writing process that was excluded in the
initial selection criteria of the study.

4. Data management system tools and techniques

This section covers a brief review of several data analysis, visualization, mapping, and management tools used in the
area of food security to support sustainability practices. Data visualization tools are predictive tools used to better
understand the data analysis that relates to food insecurity with several socio-economic factors. Analyzing a collective
set of data in the right way can bring powerful results and insights to the research in the area of food security. Empirical
assessment software’s such as SPSS (Statistical Package for the Social Sciences), GraphPad Prism, Minitab, and
MATLAB are some of the widely used powerful data analysis and visualization software. These packages find a great
deal of applicability in the field of food safety and security (Wang et al., 2015). Network plot functions are usually
visualized using tool R programming, while Circos R. facilitates data visualization in discoid layouts (Xiao et al.,
2013). Visualization software like Gephi, IBM Many Eyes, PanXpan, GraphViz, and Tableau are commonly used for
commercial purposes due to their user-friendly interface.

All common data analytics and visualization tools can be used to handle data in food security related studies (Marvin
et al., 2016; Wang et al., 2015). Machine learning and Artificial intelligence are used when formulating complex
algorithms to predict decisions or build predictive models using a large volume of data (Marvin et al., 2017). Artificial
intelligence and machine learning algorithms use data analysis method types such as Bayesian Networks (Chen &
Qiao, 2015), Topological analysis (Marvin, et al., 2016), Neural Networks, transfer learning, manifold learning, and
Restricted Boltzmann Machine. An object-oriented scripted programming language such as Python offers a great deal
of data visualization tools and is regarded as one of the best choices for data visualization due to the wide variety of
libraries offered by it.

Data mapping is done by transporting the data from analytical tools such as Microsoft Excel, SAS, Apache Spark, R
or Tableau into certain mapping application platforms like the DevInfo- a web-based data mapping and visualization
platform developed by UNICEF or using geographic information systems (GIS) platforms such as Maplnfo Pro,
ArcGIS, QGIS, Maptitude, ArcView or GeoMedia.

Cost-effective techniques such as cyber-physical sensing manage to deliver powerful results in monitoring, predicting,
and regulating the quality of food and feed production on the harvested lands (Hirani, et al., 2018). Soil degradation
can drastically affect the agroecosystem. Mensik et al. (2018) use Principal Compound Analysis (PCA) as a tool to
assess the change in soil quality and monitor the level of soil degradation. In order to monitor the physiological
processes determining the crop functionality as a part of the agricultural data analysis process, image capturing
technologies such as the “automatic feature extraction system” developed by Van Pham, Lee, & King (2019) are used.
Changes in cropland use patterns drastically affect food security. Visualization and monitoring tools such as the
“shape-matching cropping index mapping method” developed by Liu et al., (2018) can be used to study the land-use
intensity.

There are also several customized software packages for data analysis and visualizations in the area of food safety and
security like the Key Indicator Data System (KIDS) used for congregating, mapping and dissipating several food
insecurities and vulnerability indicators, developed by FAO- World Agriculture Information Centre; Dynamic Atlas,
info management and publishing package containing a collection of tools used for managing complex/unstructured
information and metadata; and GeoNetwork, a spatial data, and information management catalog system that enables
the exchange of geographic information and thematical maps to a wider audience (GeoNetwork Opensource, 2019).
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5. Circular Food Security strategies

The circular economy model aims at minimizing the waste and energy resources during the several stages of a FSC,
catering to the disruptions in the FSC, and optimizing it. In an attempt to skyrocket the transition towards a circular
economy, several types of research have been done in the past couple of years in the area of food security using novel
techniques, methods, tools, and application platforms. This section covers a review of tools, techniques, predictive
models, and methods related to the area of food waste management and disruptions in the FSC in focus to food security
and circular economy.

Addressing the level of uncertainty in the FSC emulates process efficiency. In the research published by Bottani et al.,
(2019), a “bi-objective mixed-integer optimization” has been proposed to design a resilient and sustainable food
supply chain, where the model utilizes an Ant Colony Optimization technique for multi-product adoption into the
supply chain. A multi-product adoption requires proper demand prediction. Wang (2015) used an improved “cloud
particle swarm optimization algorithm” to predict multiple demands in the FSC. Identifying the disruptions and
elements that account to the risk, such as waste generation in a networked system, is essential in order to apply certain
mitigative strategies (Lu et al., 2019). Owen et al., (2018) employed a combined input-output analysis (IOA) and
structured path analysis technique to investigate the impact generated at various points in the supply chain due to the
cross interaction between energy, food, and water, where several multiregional input-output databases were used.
Bouzembrak & Marvin (2019) developed a Bayesian Network-based predictive model using machine learning
algorithms to predict the unexpected level of hazards in a food supply chain network. Guo et al., (2015) used an
Artificial Neural Networks (ANNs) and Support Vector Machines (SVMs) to develop predictive models to monitor
the total nitrogen concentration in the combined food and water waste, thus helping formulate strategies for reduced
total nitrogen concentrations, hence balancing the networked supply chain. Valorizing food waste as a bi-product into
the FSC entails tremendous scope in achieving sustainability, thus helping formulate sustainable food security
strategies for a circular economy. Martin et al. (2017) developed a Multi-Criteria Decision Analysis (MCDA) tool that
combines Analytic Hierarchy Process (AHP) with Geographic information system (GIS) optimization for
implementing valorization strategies on food waste in the regional supply chain. Ohlsson (2004) uses a Life Cycle
Assessment (LCA) to identify the waste produced and disseminated through several stages in a FSC. While Nie et al.,
(2018) used a combined Cost-Benefit Analysis (CBA) with LCA and AHP to categorize the waste with respect to
their impact generation on the environmental, economic and social pillars of sustainability simultaneously. Springer
& Schmitt (2018) employed a combined approach enhancing the “Rectangular Choice-of-Technologies” model with
a Material Flow Analysis (MFA), LCA, and regional IOA to segregate waste based on their usage capacity for
promoting green supply chain strategy.

Quantifying the level of greenhouse gas (GHG) emission along the various levels of the FSC is essential to improve
the food system. Inaba et al. (2009) used a hybrid-LCA approach with a particulate flow inventory analysis in the food
waste management system to investigate the level of CO; emission. While Boehm et al., (2018) examined the
concentration of GHG emissions across the food value chain and the impact these emissions hold in the “spending by
food variants” in the United States using an Economic IO-LCA technique.

6. Sustainable food waste prevention measures

Several measures have been implemented in the past that are fairly efficient to reduce the food waste worldwide.
However, a very little information exist on the sustainable food waste reduction measures based on the three main
pillars of sustainability namely; the economic, environment and social dimensions. This has hindered sustainability
practitioners in understanding what measures can be prioritized for sustainable food waste reduction in long term.
Reducing the food waste along the food chain comes with a transaction cost. The preventive measures applied should
yield an economic incentive and outweigh the cost. This subsection thus deals with food waste prevention measures
for household food waste (HFW) and municipal food waste (MFW).

6.1 Environmental dimension

Reducing the food waste accounts for eliminating the end-of-life (EOL) stage in the life cycle of the food chain. An
MFA combined with LCA was used by Sadeleer, Brattebg, & Callewaert, (2020) to study the benefits associated with
reducing food waste when compared to recycling strategies such as anerobic digestion (AD) and thermal waste
treatment. The study concluded adopting household food waste prevention rather than attempting to optimize the food
waste in the value chain. Results show that nearly 15-30% of GHG emissions are reduced by attempting to reduce the
food waste. Similar results were found in the LCA conducted by Wang et al., (2020) to reduce GHG emissions through
practices such as waste treatment, recycling and prevention. Measures such as segregating HFW and MFW from
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thermally treated waste, treating HFW and MSW using AD, and using material recovery plants to retreat the thermal
waste has resulted in a reduction of 421.9 kg CO,-eq./Ca of GHG emissions. Thus, proving these measures efficient
in preventing food waste in long run.

Composting techniques such as windrow composting and blended AD methods have shown significant results in
reducing GHG emissions related to food waste thus, helping prevent food waste accumulation in the life chain. An
Environmental Impact Assessment (EIA) using a hybrid Life Cycle Sustainability Analysis (H-LCSA) was used to
assess the impacts and savings associated with these composting techniques by Al-Rumaihi et al., (2020). A similar
approach combined with economic allocation was used to study the impact of converting food and vegetable waste
(FVW) into vermicomposting by E.A.Tedesco et al., (2019). The bioconversion of FVW into feed for earthworms in
the soil show promising results in reducing food waste, gradually preventing the food waste when multi breaded in
the soil for long term. Nano packaging technique to enhance the shelf life promise considerable reduction in food
waste. Zhang et al. (2019) used LCA combined with behavioral economics to study the impact of nano packaging
technique on shelf life extension to mitigate the carbon foot print associated with its use stage.

6.2 Economic dimension

Food waste prevention measures need to be calculated based on the economic savings on disposal cost, neglected
embodied cost, and other associated economic costs to support the environmental dimension (Kucukvar et al., 2019;
Abdella et al., 2020). The administrative costs with the cost incurred in segregating the waste and its proper treatment
can be classed under the embodied cost in food waste prevention. Implementation costs include the fixed cost and
variable costs associated with food waste prevention measures such as implementing a new technology, waste
awareness campaign costs, logistic costs etc.

The avoided disposal costs can be calculated using Life Cycle Costing (LCC) approach. This can even include
futuristic costs as well that occurs through the life cycle of a process along with the cost incurred with the collection
and disposal of waste in the life chain. The cost associated with poor emptiability was calculated in terms of value
added using an LCC approach integrated with Multi-Criteria Decision Analysis (MCDA) by Wohner et al., (2020) for
food packaging systems. A quarter waste visual method combined with LCC was used to assess the cost related to
food production in school canteens by Garcia-Herrero, Menna, & Vittuari, (2019). Such assessment approaches
considers cost related to material acquisition, waste segregation and disposal costs, and labor costs. Similarly, land fill
reduction, a popular waste reduction method minimizes life cycle disposal costs up to 75% (C.Slorach et al., 2020). A
combined LCSA and LCC was used to arrive at the results. Costs associated with the management systems such as
the food waste AD systems and composting systems can be determined through a societal LCC and EIA-LCC
approaches (Edwards et al., 2018).

A marginal abatement cost curve (MACC) helps in identifying the ecological savings associated with food waste
reduction and prevention measures. A visualization based on the cost saved to the waste reduced/prevented is
facilitated in the curve. Monetary data is considered for the evaluation purpose were the calculated figures can help in
adding to the benefits related to the prevention of waste in the FSC. Here a Cost-Benefit Analysis (CBA) is used
combined with other sustainability assessment tools.

6.3 Social dimension
Several social measures can be adopted for sustainable results in food waste prevention that stay next to the ecological
and economic measures such as;

a. Surplus food redistribution: To identify the value of food redistributed, a Social Life Cycle Assessment
(SLCA) was used by Bergstrom et al., (2020) considering the case of food banks, so that the social value can
be assessed. Reallocation of surplus food to reusable end-life product with high quality accounts for a high
social value due to the vast amount of job opportunities created.

b. Food valorization: Technical collaboration, sharing knowledge and several stakeholder involvement are
crucial when implementing food waste valorization measures due to the socio-economic feasibility that arise
in the implementation and reutilization of food waste. A mix of SLCA and social life cycle costing (SLCC)
can be used to gauge the costs associated with these valorization schemes (Martin, et al., 2018).

c. Behavior change: Certain sustainability evaluation key performance indicator (SE-KPI) exist in monitoring
“consumer behavior change”

1. Net benefits associated with food waste prevented to the cost of action
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2. Number of people changing behavior to the cost of action

3. Labor productivity ratio as a result of possible improvement actions.
The Likert scaling method can be used to rate the efficiency and effectiveness associated with the
performance of the indicators. The socio-economic return associated with implementing behavioral change
strategies account for sustainable results in long run.

d.  Supply chain efficiency: Closing the FSC with surplus food and associated waste is a promising practice to
eliminate food waste (Teigiserova, Hamelin, & Thomsen, 2019). Integrated sustainability assessment
approaches such as LCSA, SLCC and CBA can be used to monitor the food waste generated at various levels
of the FSC. The identified food waste can be eliminated by applying circular economy strategies thus making
the food supply chain more efficient.

7. Conclusions and Remarks

The study conducted a macroscopic review based on a “search and analysis” technique in prominent databases and
internet search bars for scholarly articles and grey literature, respectively, that deal with several tools and techniques
related to information management systems and food waste valorization in the FSC. The review clearly shows that
apart from specific techniques, methods and measures used for food waste related sustainability assessment, most
tools are customized for objective specific applications such as SimaPro and GaBi. These are pre-calculated packages
that are simplified for analysts to ease the work and does not include in the scope of this research. The tools discussed
in this review contain concatenated methods that generate several sustainability indicators. In addition to the tools and
measures stated in this review from scholarly articles, some other prominent tools and methods have also been listed
in Table 1. These tools or methods can be used to carry out food sustainability assessment for cicular food security
practices and waste prevention. These cover all the pillars of sustainability including the socio-economic and
ecological dimensions of sustainability.

Table 1. Additional tools or methods for sustainability assessment related to food waste prevention and circularity
SL.No. Type Tools or Methods Abbreviation
I. Integrated methods a) “COMbining environmental Performance indicators, COMPLIMENT

LIfe cycle approach and Multi-criteria to assess the
overall ENvironmental impacT”

b) EcoDesign EcoD

c) Eco-Efficiency Analysis EEA

d) Life cycle iNdeX LinX

e) Product Sustainability Assessment PROSA

f) Product Oriented Environmental Management system  POEMS

g) Socio-Eco-Efficiency Analysis SEEBALANCE
2. Hybrid methods a) “Combined Environmentally Extended Input-Output CEEIOA-LCA

Analysis with Life Cycle Assessment”

b) “CEEIOA-LCA with General Equilibrium model” CEEIOA-
LCA/GEM
¢) Life Cycle Activity Analysis LCAA
3. Integrated tools a) “Global Environmental Management Initiative GEMISD Planner
Sustainable Development Planner”
b) Future Fit Business Benchmark FutureFitBB
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Table 1. Additional tools or methods for sustainability assessment related to food waste prevention and circularity

SL.No. Type Tools or Methods Abbreviation
4, Others a) Carbon Footprint Analysis CFA
b) Emergy Analysis EA
¢) Ecological Footprint Analysis E-FA
d) Environmental Life Cycle Costing E-LCC
e) Exergetic LCA E-LCA
5. Customised a) EcoSolvent Tool EcoSolvent
packages
b) Integrated Waste Management-2 IWM-2
c) Organic WAste REsearch ORWARE
d) Waste Reduction Algorithm WAR

Information management tools and techniques in addition to an extended focus on methods, methodologies, and tools
for food waste management in the FSC has been proposed concerning their applicability (if proven worthy in the past)
for supporting the development of region-specific customizable toolkits, frameworks, and methodologies for improved
evidence-based decision making. The paper rules out tools and techniques that narrow down its applicability context
for specific project applications and the ones that ignore the technical capacity for regional and national development.
The research recommends considering the technical capacity and requisites while designing management strategies
for acquired data and harmonized circular supply chains. Integrated management systems that combine multiple tools
by extending the existing models and technologies need to be crafted for country-specific applicability. The developed
technology needs to be made as an open source for extending its application to geographic regions that face similar
threats and challenges in driving the systems to a more global context. A proper Strength, Weakness, Opportunities,
and Threat (SWOT) analysis on the existing management systems, tools, methods, models, and technologies is highly
recommended. This holds high-level significance in making predictive strategies for decision making and remodeling
the current systems.

In a nutshell, this research stays as a basis for future research in the area of food security, ensuring sustainable
production and consumption practices (in accordance to UN Sustainable Development Goal- UN SDG 12) for
researchers and policymakers that intend to broaden their knowledge in the area of tools and techniques used in
sustainable food security-related projects. Moreover, the authors suggest the extension of time line monitoring, such
as time-series analysis and forecasting and online control charts, for assessing of the fluctuations in the sustainability
performance over time (Abdella et al., 2014-2019; Kim et al., 2019). Such tools would be helpful for detecting
deviations from the target level of sustainability and hence identify the time when an intervention becomes urgent.
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