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Abstract  

Global population growth is the main driver of an unsustainable food system with the increased problem of Food Loss and Waste (FLW) as 

the most severe consequence. Based on data from Indonesia Statistics (BPS), in 2024, Indonesia's population reached more than 281 

people. The pile of FLW in Indonesia reaches 48 million tons/year and efforts to overcome it are still challenging. This research aims to 

determine the drivers, pressures, impacts, and responses of FLW globally as a sustainable intervention model for FLW mitigation in 

Indonesia. Economic, political, cultural, and socio-demographic drivers of FLW are explained, highlighting global variations. The method 

used in this research is a systematic literature review of 54 FLW studies at the global level. Pareto is used to analyze the components of 

findings that need to be prioritized based on 80 percent cumulative contribution. The literature is in English, taken from reputable journals 

on the Scopus database within the last 5 years, distributed from 2019-2024. The research results reveal 12 drivers, 12 pressures, 10 impacts, 

and 11 global FLW responses based on sustainable aspects, namely environmental, social, and economic. Moreover, it was found that all 

18 FLW drivers in Indonesia were recorded in the global FLW drivers and pressures findings in this study. So, the response findings in this 

study can be considered for adoption in Indonesia. This approach may be very useful for scientists, local governments, and policymakers to 

identify global variations and focus on their future implications. 
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1. Introduction  
  

FLW has become a global issue that has caught much 

attention in recent decades (Popat et al., 2022); (Dora et 

al., 2021). The Food and Agriculture Organization of the 

United Nations (FAO) reported that approximately 1.3 

billion metrics or about a third of all food produced for 

human consumption worldwide is wasted each year or lost 

along the food supply chain. (Wohner et al., 2019); 

(Quevedo et al., 2023); (Ishangulyyev et al, 2019); (Li, et 

al., 2022); (Coudard et al., 2021).  

The amount of food produced in the world can feed 10 

billion people, while almost 10% of the world's 

population, or one out of nine people suffers from 

malnutrition (FAO, 2019); (Popat et al., 2022) (Spang, et 

al., 2019); and one out of three people suffers from a lack 

of adequate access to food in some regions (Popat et al., 

2022). It has resulted in serious problems with food 

security that threaten around 828 million people with 

malnutrition (Mokrane et al., 2023), and about 236 

million of them live in Sub-Saharan Africa (SSA) (Popat 

et al., 2022), around 118 million people in the world 

suffer from famine due to limited access to food.  

At the same time, the volume of food loss and waste in 

the world is enough to feed 940 million adults (Abbess, 

2020), which delineates this problem as a major factor in 

the fight against hunger (Kotykova et al., 2021). This has 

been a measurable global food waste statistic for the last 

10 years. 

FAO (2019) outlines “Food Loss” as a reduction in 

quantity (weight) or quality (nutritional value) produced 

for human consumption. “Food Loss” refers to 

commodities as well as livestock and crops that are 

completely thrown away, burned, or damaged so that they 

are unable to be reused in other productive usages. It 

usually occurs at farms and suppliers during 

transportation, storage, and processing in the food chain 

before reaching the retail level (Spang, et al., 2019), 

(Aburime, 2023). “Food Waste” refers to the reduction in 

quantity or quality of food that occurs at the end of the 

supply chain due to the decisions and actions of retailers, 

food service providers, and consumers. Food loss and 

waste are interrelated and cut across all levels of the food 

chain (Kotykova et al., 2021).  

In a recent report published by WWF-UK in 2021, it was 

estimated that 2.5 billion tonnes of food go uneaten every 

year, including 1.2 billion tonnes that never leave the 

farm. It reveals that around 40% of all food grown is 

wasted. Another report from the United Nations 

Environment Program (UNEP) on the 2021 Food Waste 

Index estimates that approximately 931 million tons of 

food waste was generated in 2019 by distribution: in 

households (61%), food services (26%), and retail outlets 

(13%) (Aburime, 2023). This suggests that 17% of total 

global food production may be wasted. 

The number of FLW varies between countries, influenced 

by income levels, urbanization, and economic growth 

(Chalak et al., 2016). In China, total FLW in 2019 reached 
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422.56 million tons, which is around 22.37% of total food 

production (1889.12 million tons). Meanwhile the FLW 

percentage in the EU is 20.22%, Spain is 20%, Saudi 

Arabia is 33.1%, Switzerland is 34%, and Peru is 47.76%. 

(Jia et al., 2023). In Lebanon, food waste reaches 0.2 kg 

per capita per day (Chalak et al., 2019). Developed 

countries, including European countries, North America, 

Oceania, as well as industrialized countries such as Japan, 

South Korea and China, produce 56% of the world's total 

FLW. Of this amount, 40% of FLW in developed 

countries occurs at the distribution stage (Aburime, 2023) 

and consumption (Chalak et al., 2016), which is largely 

influenced by consumer behavior, values and attitudes. 

The amount of Food Waste (FW) in developed countries, 

around 222 million tons, is almost the same as the total 

clean production in countries in Sub-Saharan Africa (230 

million tons) (Ishangulyyev et al., 2019). 

While, in developing and low-income countries such as 

Nigeria (Aburime, 2023), Mozambique (Popat et al., 

2022), Philippines (Spang, et al., 2019), food losses 

happen at the production and post-harvest levels, it was 

reported for approximately 44% of total global FLW. In 

the Philippines, commodity losses from harvest to 

distribution have been reported to reach up to 50% (Priest, 

2016). This is due to poor practices, technical and 

technological limitations, manpower and financial 

constraints, and lack of adequate infrastructure for 

transportation and storage (Gustavsson et al., 2011). 

Moreover, this also happens in Turkey, as the seventh 

largest agricultural producer in the world, the amount of 

loss and waste at the agricultural stage is also high. 

Salihoglu et al. (2018) revealed that nearly 9 million tons 

of fruit and vegetables are lost during production, while 4 

million tons are wasted during post-harvest handling and 

storage. This loss of fruit and vegetables accounts for 53% 

of total food loss in Türkiye (Surucu-Balci & Tuna, 

2022). In Ukraine, most agricultural producers still prefer 

extensive and intensive management practices that create 

additional environmental stress on the soil, resulting in 

wastage in fruits by 42% and vegetables by 31% 

(Kotykova & Babych, 2019). 

Indonesia, a developing country with a population of 

more than 280 million people, has pile of FLW reaching 

48 million tons/year or 44% in 2018. Based on the report 

from Ministry of National Development Planning 

(BAPPENAS) in 2021, it is stated that the percentage of 

food loss generation reached 45%. Meanwhile, the 

percentage of food waste in 2019, has reached 55%, and 

the largest group occurred at the consumption stage. In 

terms of sectors and types of food, the largest occurrence 

happens in food crops, the rice category. Meanwhile, the 

most inefficient food sector is horticultural crops, 

specifically in the vegetable category (BAPPENAS, 

2021). These data, in general, underline the indication that 

food loss and waste is a major problem that the world 

needs to address, and that food waste itself raises several 

social, economic, and environmental concerns. (Spang, et 

al., 2019). This paves the way for several bodies to 

accurately provide estimates of the extent of food loss and 

waste and its social, environmental and economic impact. 

The significant impact of FLW has increased the interest 

and awareness of policymakers, academics, and even the 

private sector to examine the problem exponentially and 

shape prevention programs worldwide (Mokrane et al., 

2023); (Ishangulyyev et al., 2019). In 2015, 193 United 

Nations members adopted the 17 Sustainable 

Development Goals (SDGs) of the 2030 Agenda for 

Sustainable Development which stand on three dimension 

of sustainability proportioally such as economic, social 

and environmental. SDGs 2 aims to end hunger, achieve 

food security and improve nutrition, and promote 

sustainable agriculture by 2030 (Popat et al., 2022), while 

SDGs target 12.3 stated that “By 2030, reducing by half 

of food waste per capita at retail and consumer levels and 

decreasing food losses along production and supply 

chains, including post-harvest losses” (Couard et al., 

2021). 

The FLW problem has been investigated expansively by 

many scientists around the world. Several studies 

explored the causal factors of FLW  (Barrion et al., 2023); 

(Donato & Óscar, 2021); (Wohner et al., 2019); (Chalak 

et al., 2019); (Gatto & Chepeliev, 2024); as well as ways 

to mitigate and reduce it (Yan et al., 2021); (Benyam et 

al., 2021); (Surucu-Balci & Tuna, 2022); (Ishangulyyev et 

al., 2019); (Domingo-Morcillo et al., 2024); (Sagi & 

Gokarn, 2023); (March et al., 2019);  (Medveľová, 

Kapsdorferová, Švikruhová, & Zábojníková, 2022); while 

others identify FLW's impact on the environment (Read, 

et al., 2020); (Xue, et al., 2021); (Goossens, et al., 2019); 

(Coudard et al., 2021); (Stathers & Lamboll, 2022); 

(Kotykova et al., 2021); (Jia et al., 2023); (Cattaneo et al., 

2021); (Munesue & Masui, 2019); (Xue et al., 2024); 

social (Aburime, 2023); and economics (Popat et al., 

2022); (Li, et al., 2022); (Kotykova & Babych, 2019). 

Additionally, other studies proposed a unified 

methodology to calculate FLW (Spang, et al., 2019); 

(Bartelings & Philippidis, 2024); (Xue et al., 2024). Some 

studies have also focused on FLW along stages of the 

food supply chain to measure the true extent of the 

problem (Spang, et al., 2019); (Boz & Sand, 2020); (Luo 

et al., 2021); (Dora et al., 2021); (Read, et al., 2020); 

(Pastolero & Sassi, 2022). 

In addition, O’Connor et al. (2023) implied a critical 

review of FLW by identifying the causes of FLW and 

management options in farmland. O’Connor et al. (2023) 

suggested performing deeper observations on the systemic 

causes of FLW and the entire drivers, such as risk. This 

study bridges the implication gap on the research 

performed by O’Connor et al.'s (2023) by investigating 

the causes and drivers expansively towards global FLW. 

Donato and Carpintero (2021) identified losses, waste, 

and environmental pressures of food consumption at the 

regional level in Spain. However, this approach has 

several limitations. One is related to the lack of quality 

data on FLW, which is partly based on consumption at 

global and national levels. Donato and Carpintero (2021) 

also pointed out that further research should address these 

and other shortcomings, as well as investigate the social 

and economic drivers of food consumption patterns, to 
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support effective policies in addressing environmental 

issues related to the food system. 

Mokrane et al. (2023) explored the global literature on 

FLW. They used social network analysis and 

bibliometrics to identify FLW problems related to 

environmental impacts and food security. They realize 

that environmental implications are insufficient, so the 

results of their study show the need to develop 

interdisciplinary approaches and methodologies that can 

provide a comprehensive understanding of FLW issues 

with social, economic, and environmental implications. 

Domingo-Morcillo et al. (2024) investigated which FLW 

prevention measures are most beneficial in terms of 

environmental sustainability. However, in their findings, 

it is revealed that improvements in terms of reducing 

environmental impacts can also lead to new impacts from 

an economic and social perspective, thus emphasizing the 

need to be active in the process of continuous 

improvement in these three domains.  

From these three studies, it was found that several 

research on FLW only focuses on environmental aspects 

and ignores social and economic aspects. While other 

studies raise the FLW issue from a social or economic 

perspective. So, the created intervention variables 

significantly complicate the decision-making process 

because hotspots detected during one aspect’s assessment 

can conflict or provide a new impact from the perspective 

of another aspect. Thus, the integration of environmental, 

social, and economic assessments in a framework to 

overcome these difficulties and clarify the decision-

making process in FLW is one of the novelties of this 

study. Therefore, the integration of environmental, social, 

and economic assessments within a framework to address 

these difficulties and clarify the decision-making process 

in FLW becomes one of the novelties of this study. 

Moreover, efforts to reduce food waste in Indonesia are 

less managed. Efforts for food availability or security 

usually only focus on how to maximize agricultural 

production while ignoring how to prevent food loss and 

waste (Munir & Fadhilah, 2023). Apart from that, a 

crucial problem in Indonesia at the national level is 

concluded as no comprehensive and holistic intervention 

model related to the FLW phenomenon. The study of 

FLW in Indonesia is the first chapter in analyzing the 

FLW phenomenon in the food industry sector from 

upstream to downstream (farm to fork) to support low-

carbon development and ensure sustainable consumption 

and production patterns in accordance with the 2030 

SDGs mandate. Hence, this research contributes to FLW 

study extensiveness in Indonesia. 

Therefore, this research aims to design a Sustainability 

Intervention Model for FLW Mitigation efforts in the 

Food Industry Sector using the DPSIR (Drivers, 

Pressures, State, Impact, and Response) Scenario in 

Indonesia. This research explores the drivers, pressures, 

impacts, and global responses of FLW from literature that 

has been published throughout the world. DPSIR analysis 

is used to describe the pattern of causal relationships 

between the components involved, namely driving factors, 

pressures, existing conditions, impacts, and responses to 

the most appropriate intervention models recommended 

for mitigating FLW in the food industry sector in the 

world. 
 

2. Research Methodology 

2.1. Research Strategy 

This study uses a systematic literature review (SLR) as 

the primary research strategy to identify, categorize, and 

examine Drivers, Pressures, Impacts, and Responses of 

FLW worldwide. SLR can identify, select, critically 

appraise research, and interpret findings from various 

studies to respond to clearly formulated questions (Yanti 

et al., 2023). It helps researchers to precisely analyze the 

current status of the topic of interest. Additionally, SLR 

followed a search strategy to select relevant literature 

associated with the research question (Moher et al., 2010). 

This SLR method has been used in several studies 

examining FLW (Driver) affect factors. (Quevedo, 

Lukman, Ulumuddin, Uchiyama, & Kohsaka, 2023); 

FLW mitigation (Dora et al., 2021); Quantity, impact, and 

mediator of FLW (Li, et al., 2022). Therefore, this study 

uses the SLR method to map the Driver, Pressure, Impact, 

and Response of global FLW based on three elements of 

sustainability, namely environmental, social, and 

economic, by strictly following the Preferred Reporting 

Items for Systematic Reviews and Meta-Analyses 

(PRISMA) protocol, to minimize the risk of bias and 

increase the scientific validity of the findings. The 

PRISMA protocol for SLR includes research question 

formulation, keyword selection, database selection, 

literature search and retrieval, filtering, 

inclusion/exclusion, metadata extraction, and data 

analysis. This stage is classified into data collection and 

data analysis (Wuni I. Y., 2022). 

2.2. Data collection 

Data collection in this study was carried out twice. The 

first data collection was carried out using Mendeley tools 

using the keywords "drivers" OR "pressures" OR 

"impact" OR "responses" OR "strategies" OR 

"intervention" AND "food loss and waste", and 70 articles 

were found. The articles were carefully separated against 

predetermined inclusion and exclusion criteria, as in Table 

1. Document types were limited to articles as these 

document types undergo rigorous peer review and are 

considered certified knowledge. Conference papers and 

other types of documents are widely criticized for their 

limited amount of peer review and are generally excluded 

from strict SLRs (Wuni, Shen, & Osei-Kyei, 2019). 
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Table 1 

 Inclusion and exclusion criteria 

No Inclusion Exclusion 

1 Articles that specifically 

discuss FLW and/or 

DPSIR models 

Articles without full text 

2 
Articles with full text are 

easily available 

Articles written in 

languages other than 

English 

3 
Research journal articles 

Non-journal literature or 

articles 

4 Articles published in 

reputable international 

journals 

Article not indexed by 

Scopus 

 

After filtering, from 70 articles only 13 were suitable and 

it was confirmed that the selected articles were indexed by 

Scopus. Furthermore, because the number of selected 

articles was very small, a second data collection was 

carried out using Publish or Perish (PoP) software on the 

Scopus database. The keywords used as a search in the 

article title were "food loss and waste" while in the 

keyword field outside the article title, the words "driver" 

OR "pressure" OR "impact" OR "response" are applied, 

and 53 articles have resulted. By using the same inclusion 

and exclusion criteria in the screening process, 42 articles 

were generated. So, a total of 54 articles met the 

requirements, which were then reviewed systematically to 

extract metadata. Figure 1 is a flow chart of the PRISMA 

diagram for literature retrieval. Table 2 shows the 

included studies. 

 

 
Fig .1. PRISMA flow diagram of the literature sampling process. 

 

2.3. Data analysis 

This study extracts relevant metadata from each article, including year of publication, location of study as stated in the DPSIR 

dimension, sustainability dimension, and drivers, pressure, impact, and response (DPIR). If verified empirically, this study 

also explains the FLW conditions in several countries in the world and the relationship among DPIR components. A data 

summary sheet was developed to record each driver, pressure, impact, and response from each literature. Then, this study 

calculated the frequency of mentions for drivers, pressure, impact, and response from existing literature. Then each DPIR 

element is ranked based on the highest to lowest number of mentions along with the percentage. 

Next, Pareto analysis was delivered to identify elements that are important or have the most contribution to FLW based on 

mentions in the entire literature. Pareto analysis is a quality control tool that ranks data classifications, in descending order, 

from highest to lowest frequency of occurrence. The Pareto principle states that for many events, about 80% of the effects 

come from 20% of the causes, which results in the "80/20 rule" heuristic of the Pareto principle (Wuni I. Y., 2022). 
Pareto analysis was employed in this study because the main data is the frequency of mentions, which limits the scope of 

analysis techniques that can be applied. The Pareto analysis technique is suitable to the study objectives since there is a need 

to prioritize DPIR elements for analysis in formulating FLW mitigation in Indonesia. It makes this engineering approach 

appropriate as it has been used to rank and prioritize critical items in existing studies. The total (cumulative) frequency is 

considered to be 100%, so the “most important” barrier occupies a substantial amount (80%) of the cumulative percentage of 

citation frequencies and the “most useful” barrier occupies only the remaining 20% of occurrences. This study uses Pareto 

diagrams (i.e., histograms and curves) to identify the most important DPIR components in each taxonomy. 
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8

2

18

11 11

5

2019 2020 2021 2022 2023 2024

Table 2 

 Reference numbers of 54 studies that meet the requirements. 

ID References ID References ID References 

1 Brunhara et al. (2023) 20 Mokrane et al. (2023) 39 
Kotykova & Babych (2019) 

2 Quevedo et al. (2023) 21 Popat et al. (2022) 40 Kotykova et al. (2021) 

3 Hajra et al. (2023) 22 Barrion et al. (2023) 41 Jia et al. (2023) 

4 Agramont et al. (2022) 23 Spang, et al. (2019) 42 Cattaneo et al. (2021) 

5 Idris et al. (2022) 24 Donato & Óscar (2021) 43 Munesue & Masui (2019) 

6 Khan, et al. (2022) 25 Wohner et al. (2019) 44 Aburime (2023) 

7 

Jorge-García & Estruch-

Guitart (2022) 26  Chalak et al. (2019) 45 Xue, et al. (2021) 

8 

Ladi, Mahmoudpour, & 

Sharifi (2022) 27 Surucu-Balci & Tuna (2022) 46 Sagi & Gokarn (2023) 

9 Vittuari, et al., (2023) 28 Ishangulyyev (2019) 47 Pastolero & Sassi (2022) 

10 Khan, et al., (2022) 29 Bartelings & Philippidis (2024) 48 March et al. (2019) 

11 

Swangjang & 

Kornpiphat (2021) 30 (Boz & Sand, 2020) 49 Medveďová et al. (2022) 

12 Oliveira et al. (2021) 31 Domingo-Morcillo et al. (2024) 50 Luo et al. (2021) 

13 Sahani (2021) 32  Rajeh et al. (2020) 51  Dora et al. (2021) 

14 Malmir et al. (2021) 33 Gatto & Chepeliev (2024) 52 Cattaneo et al. (2021) 

15 Quevedo et al. (2021) 34 Coudard et al. (2021) 53 Reynolds, et al. (2019) 

16 O'Connor et al. (2023) 35 Li, et al. (2022) 54 Albalate-Ramírez, et al. (2024) 

17 Yan et al. (2021) 36 Read, et al. (2020) 

 

  

18 Benyam et al. (2021) 37 Xue (2021) 

 

  

19 Stathers & Lamboll (2022) 38  (Goossens, et al., 2019) 

   
3. Finding 

3.1. Data characteristic 

There were fifty-four (54) selected studies that were 

eligible to be published between 2019 and 2024, the 

distribution is shown in Figure 2. The research only used 

studies published in the last five years to ensure that the 

findings are still relevant today, especially when it comes 

to FLW response and mitigation. 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. Year distribution of the studies 

 

Based on Figure 2, it can be seen that the most widely 

used studies were published in 2021 while the least were 

published in 2020. However, this distribution cannot 

represent today's FLW research trends considering the 

specific and strict data collection process on the FLW 

global DPIR element. All selected articles represent 28 

countries in the world. This number is considered to  

represent the global condition of FLW in both developed 

and developing countries. The country that contributed the 

most studies was Italy. Figure 3 shows the country 

distribution of these studies. 

Fig. 3. Countries of distribution for studies 

3.2. Drivers 

There were 19 drivers identified from the literature review 

as shown in Table 3. All the drivers found were further 

investigated related to their contribution to the dimensions 
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of sustainability, which are environmental, social, or 

cultural. The results found that 2 drivers are categorized 

into the "environmental" category, 9 drivers fall into the 

"social" dimension, and the other 8 are the "economic" 

dimension of sustainability. Apart from that, based on the 

percentage contribution of driving components to FLW in 

Table 4. Drivers that contributed a cumulative 

contribution of up to 81% by pareto (Figure 4) were 

further identified in the DPSIR model (Figure 8), namely 

12 drivers.  

“Population growth” is the most frequently occurring 

driver, recorded in 19 studies representing 16 different 

countries and accounting for 16% of the total literature. 

This finding is also aligned with studies that have been 

conducted Quevedo et al. (2023) that population growth is 

the most frequently mentioned driver and is recorded in 

16 provinces in Indonesia. This driver is also documented 

in India as a country with 1.44 billion people. The drivers 

of "increased consumption and "individual needs" which 

include this social dimension, are often documented 

together with "population growth", for example 

documentation from Japan, Italy, the Philippines, Spain, 

Korea, Florida and Nigeria. “Increased consumption and 

individual needs” were mentioned by 13 studies from 12 

countries. Additionally, “Population growth” is also 

documented along with “Number of households” in Iran 

and Korea. 

“Lack of knowledge, awareness and motivation” were the 

second most common drivers, mentioned by 13 pieces of 

literature representing 11 countries. Not only identified in 

developing countries such as Indonesia and the 

Philippines, but this driving factor has also been identified 

in the Netherlands, New Zealand, and the UK. “Human 

behavior” and “Modern dietary preferences and patterns” 

are mentioned together in Italy and Lebanon. Apart from 

"population growth", "human behavior", and "low 

knowledge, awareness, and motivation", Indonesia 

documents represent many FLW drivers related to the 

economic dimension including "income growth", "tourism 

growth", "economic growth, and inequality", and 

"urbanization". China and Qatar said that increasing GDP 

also contributed to FLW.  
The increasing number of FLW occurrences can also be 

caused by "Institutional management inefficiencies" and 

"Regulations and policies" identified by China and Japan. 

The Philippines identified several drivers caused by the 

environment such as “climate changes and weather 

conditions” as well as the arrival of “pests and diseases.” 

“Logistics problems,” “price fluctuations,” and 

“infrastructure and technology limitations” are 

documented FLW drivers in China. Meanwhile, the driver 

that is least frequently mentioned is "imports and 

exports". 

 

 
Table 3 

 Findings of global FLW drivers 

No Drivers 

Sustainability 

Dimension Location of Study 
ID References 

(Table 1) 
Env Soc Eco 

D1 Population growth   v   

China, Florida, India, Indonesia, Iran, Italy, 

Japan, Korea, Malawi, Mozambique, Nigeria, 

Philippines, Qatar, Spain, UK, Ukraine 

2, 3, 8, 10, 14, 15, 17, 18, 

19, 20, 21, 22, 24, 28, 30, 

40, 44, 46, 54 

D2 Income growth     v 
Indonesia, Korea, Netherland, New Zealand, 

Slovakia  
2, 28, 33, 35, 49 

D3 Human behavior   v   Indonesia, Italy, Lebanon, Turkey 2, 26, 27, 9 

D4 
Lack of knowledge, 

awareness, motivation 
  v   

China, Indonesia, Italy, Korea, Lebanon, 

Netherland, New Zealand, Nigeria, Turkey, 

UK, Philippines 

2, 16, 19, 26, 27, 28, 29, 

34, 35, 41, 44, 46, 54 

D5 
Modern preferences and 

diet 
  v   Italy, Lebanon, New Zealand 9, 20, 26, 35, 51  

D6 Pests and diseases v     Italy, Philippines, UK 19, 20, 23 

D7 
Institutional management 

inefficiency 
  v   

Austria, China, Italy, Japan, Philippines, 

Turkey 
9,15, 17, 47, 25, 27 

D8 
Increased consumption 

and individual needs 
  v   

China, Florida, Germany, Italy, Japan, Korea, 

Netherland, Nigeria, Philippines, Spain, 

Turkey, UK 

15, 20, 22, 24, 27, 28, 30, 

34, 38, 41, 44, 47, 48 

D9 Urbanization   v   Bolivia, Indonesia, Iran, Japan, Netherland 2, 4, 8, 15, 34, 41 

D10 Tourism growth     v Indonesia, India, Japan, Spain, Thailand 2, 7, 11, 13, 15 

D11 Number of households   v   
Iran, Korea, Lebanon, New Zealand, 

Philippines, Slovakia 
8, 23, 26, 28, 35, 49 

D12 Increase in GDP     v China, Netherland, Philippines, Qatar 10, 22, 29, 34, 41, 54 
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No Drivers 
Sustainability 

Dimension 
Location of Study 

ID References 

(Table 1) 

D13 Regulations and policies   v   China, Italy, Japan, New Zealand 15, 17, 41, 35, 9 

D14 
Economic growth and 

inequality 
    v Indonesia, Iran, Netherland, Spain 2, 14, 24, 33 

D15 Logistics problems     v China, Italy, Philippines, Lebanon 17, 23, 20, 32 

D16 
Climate change, weather 

conditions 
v     

China, Italy, Malawi, Mozambique, New 

Zealand, Philippines, Turkey, UK 
16, 19, 20, 21, 23, 27, 41 

D17 
Limited infrastructure and 

technology 
    v China, Italy, Korea, Turkey, Philippines 17, 27, 28, 47, 9 

D18 Import and Export     v Netherland 33 

D19 Market price fluctuations     v Italy, Philippines 20, 23 

 
Table 4 

Contribution of driver components 

Driver 

Element Mentions % cum % 

D1 19 16% 16% 

D4 13 11% 27% 

D8 13 11% 38% 

D16 7 6% 44% 

D9 6 5% 49% 

D12 6 5% 54% 

D7 6 5% 59% 

D11 6 5% 64% 

D17 5 4% 68% 

D2 5 4% 72% 

D10 5 4% 76% 

D5 5 4% 81% 

D13 5 4% 85% 

D14 4 3% 88% 

D15 4 3% 92% 

D3 4 3% 95% 

D6 3 3% 97% 

D19 2 2% 99% 

D18 1 1% 100% 

    

 

 
Fig. 4. Pareto diagram of drivers 

3.3. Pressures 

Based on the literature review that has been carried out, 

21 pressures were found, of which 4 are included in the 

"environmental" field in the sustainability dimension, 6 

pressures are included in the "social" dimension, and 11 

others are included in the "economic" dimension. These 

findings are presented in Table 5. If you look at the 

percentage contribution of pressure components to FLW 

in Table 6, 12 pressures provide a cumulative contribution 

of up to 80% using Pareto based literature mentions 

(Figure 5) so they are used further in the DPSIR model 

(Figure 8). 

"Household activities" is the social dimension that is the 

most frequently mentioned pressure by 12 pieces of 

literature originating from 11 countries. This pressure is 

widely documented along with “Inappropriate operational 

practices” in documentation from Italy, Korea, Florida, 

and Nigeria. The pressure with the second highest 

contribution, "inappropriate operational practices" was 

recorded in 11 pieces of literature from 10 countries. 

“Packaging defects and errors” were also mentioned 9 

times in Austria, China, Florida, Germany, Italy, Korea, 

New Zealand, Nigeria, and Turkey. 

Not only packaging, “manufacturing activities”, 

“technical and technological inefficiencies”, “demand 

uncertainty”, “inefficient transportation, “inaccurate 

storage”, “errors in labeling”, “inappropriate use of 

materials” and “inefficiencies cold chain" is a pressure or 

direct factor in the occurrence of FLW which is included 

in the economic dimension. Some of these pressures relate 

to “low product quality” and “short product shelf life”, 

which are documented simultaneously in Nigeria. 

Meanwhile, India documents “tourism activities” and 

“commercial activities” as FLW pressure. Meanwhile, 

Italy and Bolivia documented 'Industrial Waste' as another 

direct factor.   
"Post-harvest activities" are often cited by developing 

countries such as Mozambique, Nigeria and the 

Philippines as a stage of FLW generation that contributes 

quite significantly. In this case, “Inadequate temperature” 

also contributes. New Zealand and Nigeria document 

"Retail distance to storage warehouse" as one of the 

factors causing FLW. On the consumer side, “Excessive 

ordering, large portions” and “Consumer selective 

behavior towards freshness or aesthetic appearance” 

directly contribute to food loss and waste. It has been 

widely recorded in developed countries such as Italy, 

Korea, UK, Netherland, New Zealand and Turkey. 
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Table 5 

Findings of global FLW pressures 

No Pressure 

Sustainability 

Dimension Location of Study 
ID References 

(Table 1) 
Env Soc Eco 

P1 Manufacturing activities     v Bruney, China, India, Iran, Qatar 5, 6, 8, 10, 36 

P2 Household activities   v   

Florida, Germany, India, Korea, Lebanon, 

Netherland, Nigeria, Philippines, Turkey, 

USA, Slovakia 

6, 22, 26, 27, 28, 29, 30, 

34, 36, 38, 44, 49 

P3 Demand uncertainty     v China, Italy, Korea, Turkey, UK, USA  17, 19, 20, 36, 41, 27, 28 

P4 

Technical and 

technological 

inefficiencies 

  
 

v China, Italy, Nigeria, UK, Ukraine 17, 20, 39, 41, 44, 48 

P5 Inefficient transportation     v 
China, Florida, Germany, Japan, Korea, 

Nigeria, Turkey 

17, 27, 28, 30, 38, 41, 43, 

44 

P6 
Inappropriate operational 

practices 
  v   

China, Florida, Japan, Korea, Malawi, 

Mozambique, New Zealand, Nigeria, 

Philippines, Turkey,  

16, 17, 21, 22, 27, 28, 30, 

35, 41, 43, 44 

P7 
Packaging defects and 

errors 
v 

 
  

Austria, China, Florida, Germany, Italy, 

Korea, New Zealand, Nigeria, Turkey 

20, 25, 30, 35, 27, 28, 38, 

41, 44 

P8 
Over-ordering, large 

portions 
  v   

China, Italy, Netherland, New Zealand, 

Nigeria, Turkey, Ukraine, USA 

20, 27, 33, 35, 36, 40, 41, 

44 

P9 Insufficient temperature v     China, Italy, Turkey 17, 20, 27, 41 

P10 

Consumer selective 

behavior towards 

freshness or aesthetic 

appearance 

  v   Italy, Korea, New Zealand, Turkey, UK 16, 19, 20, 35, 27, 28 

P11 Inaccurate storage     v 
China, Italy, Nigeria, Philippines, Turkey, 

Ukraine 

17, 20, 22, 27, 39, 41, 44, 

47 

P12 Cold chain inefficiency     v China, Nigeria, Turkey 27, 41, 44 

P13 Low product quality     v Korea, New Zealand, Nigeria, Ukraine  16, 28, 39, 40, 44 

P14 
Short product storage 

duration 
    v Italy, Nigeria, UK 19, 20, 44 

P15 Tourism activities   v   India, Thailand 11, 13 

P16 Commercial activities     v India 6 

P17 Industrial waste v     Bolivia, Italy 4, 20 

P18 Error in labeling   v   Austria, Italy, Turkey 20, 25, 27 

P19 Post-harvest activities     v 
China, Korea, Malawi, Mozambique, Nigeria, 

Philippines, Turkey, UK, Ukraine 

19, 37, 28, 27, 39, 21, 23, 

44 

P20 
Use of inappropriate 

materials 
v   

 
Austria, China, Italy 17, 20, 25 

P21 
Distance between retail 

and storage warehouse 
    v New Zealand, Nigeria 35, 44 
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Table 6 

Pressures component contribution 

 Pressures   

Element Mentions % Cum % 

P2 12 10% 10% 

P6 11 9% 20% 

P7 9 8% 28% 

P5 8 7% 34% 

P8 8 7% 41% 

P11 8 7% 48% 

P19 8 7% 55% 

P3 7 6% 61% 

P4 6 5% 66% 

P10 6 5% 72% 

P1 5 4% 76% 

P13 5 4% 80% 

P9 4 3% 84% 

P12 3 3% 86% 

P14 3 3% 89% 

P18 3 3% 91% 

P20 3 3% 94% 

P15 2 2% 96% 

P17 2 2% 97% 

P21 2 2% 99% 

P16 1 1% 100% 

 

Fig. 5. Pareto diagram of pressures 

3.4. Impacts 

Many impacts found by many researchers in their studies 

related to FLW, then grouped into 20 impacts consisting 

of nine environmental, seven social and four economic 

impacts (Table 7). Out of the 20 impacts found, there 

were 11 impacts which provided a cumulative 

contribution of up to 80% based literature mentions 

(Table 8) and filtered the priority impacts using pareto 

(Figure 5), so it is used further on the DPSIR model 

(Figure 8). 

“Decreased availability of clean water” was the 

environmental impact of FLW most frequently mentioned 

by 15 studies from 11 countries including Austria, China, 

Florida, Italy, Japan, Netherland, Philippines, Spain, 

USA, UK, Ukraine, followed by increased emissions of 

the greenhouse gas methane (GHG emissions) recorded in 

14 literatures from seven countries. Apart from that, other 

environmental impacts caused by FLW include “land 

loss” and “water and soil pollution” which are recorded 

simultaneously in documents from China, Florida, Italy, 

Nigeria and Ukraine.  
China and several other countries state the environmental 

impacts caused by FLW including "contributing to 

climate change", "waste of non-renewable energy", and 

"habitat and environmental degradation". “Using up 

natural resources” is also recorded as an environmental 

impact due to food waste in various countries such as 

Japan, Korea, the Philippines and the Netherlands. 

Additionally, the social impacts found from existing 

literature include "increased pollution", "decreased quality 

of human health", and "hunger or malnutrition", and 

"poverty". Meanwhile China and New Zealand 

documented “reputation damage to logistics service 

providers”. Then FLW can also "reduce the productivity 

of logistics service providers" as recorded in documents 

from China and Spain. The least frequently mentioned 

impact is the “dust generation” recorded in Brazil. 

Apart from environmental and social losses, FLW also 

causes economic losses. New Zealand and Turkey 

document that one of the economic impacts of FLW is 

“monetary loss and waste”. FLW can "reduce profits", 

this impact was recorded in five countries, namely China, 

New Zealand, Nigeria, Philippines and Ukraine. 

Furthermore, the document from Italy alludes to "waste 

management fees". Directly or indirectly, FLW has an 

impact on the “global, regional and national economy”. 
 

Table 7 

 Findings of global FLW impacts 

No Impact 

Sustainability 

Dimension Location of Study 
ID References 

(Table 1) 
Env Soc Eco 

I1 Increased pollution  
 

v   Brazil, Italy, Philippines, Qatar, UK 1, 10, 19, 20, 22 

I2 Loss of land  v 
 

  
Austria, China, Florida, Italy, Japan, 

Nigeria, Qatar, UK, Ukraine, USA  

10, 18, 19, 25, 30, 36, 39, 40, 41, 43, 

44 

I3 Water and soil pollution v     
Brazil, China, Florida, Italy, 

Nigeria, Ukraine 
1, 18, 30, 37, 40, 41, 42, 44, 58 
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No Impact 
Sustainability 

Dimension 
Location of Study 

ID References 

(Table 1) 

I4 
Decreased quality of 

human health 
  v   

Austria, China, Italy, Philippines, 

Spain, UK, Ukraine 
17, 20, 22, 23, 25, 31, 37, 39, 41, 48 

I5 Reducing profits     v 
China, New Zealand, Nigeria, 

Philippines, Ukraine 
16, 17, 23, 39, 44 

I6 
Increased emissions of the 

greenhouse gas methane 
v     

China, Italy, Japan New Zealand, 

Nigeria, UK, USA 

16, 17, 18, 19, 20, 36, 37, 38, 41, 42, 

43, 44, 48, 54 

I7 
Contributing to climate 

change 
v     

Austria, China, Italy, Netherland, 

New Zealand, Nigeria, Spain, 

Ukraine,  

16, 18, 19, 24, 26, 33, 34, 39, 41, 44, 

54 

I8 
Waste of non-renewable 

energy 
v     

China, Florida, Japan, Netherland, 

UK, Ukraine, USA 
12, 17, 19, 30, 34, 36, 40, 43 

I9 Habitat degradation v     
China, Indonesia, India, Italy, Qatar, 

UK, Spain,  
2, 10, 18, 19, 20, 26, 31, 39, 43  

I10 Environmental degradation v     
China, Japan, Lebanon, Philippines, 

Spain, UK, Ukraine 
19, 22, 24, 26, 32, 37, 40, 43, 45 

I11 
Decreased availability of 

clean water 
v     

Austria, China, Florida, Italy, Japan,  

Netherland, Philippines, Spain, 

USA, UK, Ukraine 

9, 12,19, 20, 23, 24, 25, 30, 34, 36, 

39, 40, 41, 42, 43 

I12 
Hunger/lack of nutrition, 

nutrition 
  v   

Florida, Italy, Japan, Korea, Nigeria, 

Philippines, Turkey, UK 

18, 20, 22, 26, 27, 28, 30, 43, 44, 47, 

48, 51 

I13 Depletes natural resources v     

Italy, Japan, Korea, Lebanon, 

Netherland, New Zealand, 

Philippines, Spain 

16, 20, 22, 28, 31, 32, 33, 42, 43, 47, 

54 

I14 Poverty   v   
China, Indonesia, Iran, Italy, Korea, 

Nigeria, Philippines, Ukraine 
 2, 14, 20, 22, 23, 26, 28, 39, 41, 44 

I15 
Global, regional and 

national economy 
    v Lebanon, Nigeria, Ukraine 26, 39, 44 

I16 Monetary loss and waste     v New Zealand, Turkey 16, 27 

I17 
Harm the reputation of the 

Logistics Service Provider 
  v   China, New Zealand 17, 50 

I18 
Reducing labor 

productivity and wages 
  v   China, Spain 17, 24 

I19 Waste management costs     v Italy, New Zealand 16, 20 

I20 Dust generation   v   Brazil 1 

 
3.5. Responses 

From many responses to reduce and overcome FLW, 20 

FLW response findings are presented in Table 9. The 

responses were recorded in at least two studies. It is found 

8 responses included in the "environment" dimension, 5 

responses in the "social" dimension, and 7 responses in 

the "economy" dimension. Out of the 20 impacts found, 

there were 11 responses that provided a cumulative 

contribution of up to 80% based literature mentions 

(Table 10) and filtered the priority responses using Pareto 

(Figure 7), so it is used further on the DPSIR model 

(Figure 8). 

“Establishment or development of sustainable public 

policies” was the most frequently mentioned response by 

18 studies representing 12 countries, followed by 

“environmental awareness/zero waste campaigns” 

recorded in 13 studies from 11 countries. Both are 

mentioned together in Italy and the UK. Brazil and 

Nigeria alluded to the response of "establishing a 

regulatory governing body" while China, Indonesia, Italy, 

London and the Philippines referred to "strict 

implementation or enforcement of policies". Additionally, 

“investment in facilities and technology” was recorded in 

10 studies from 10 countries. This relates to the “waste 

and sustainable management” responses documented in 

China, Lebanon, UK.  
In the FLW in Supply Chain Stage, “Improved 

monitoring, traceability” and Improved supply chain 

management”, and “distribution network optimization” 

were mentioned as mitigation measures to reduce FLW in 

SCM, which were renowned in the same documents from 

Korea and China.  Meanwhile “process and resource 

optimization” was identified in China and Japan and 

“packaging optimization” was identified in Austria, 
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Korea, Nigeria, Spain. In association with this economic 

sector, the Netherlands alludes to how to control FLW by 

"improving product quality". Meanwhile, Korea, 

Mozambique, New Zealand and the Philippines 

documented "market and facility management". 
Some responses included in the environmental dimension 

include "recycling", "recovery", "reduce", "reuse", and 

"rethink". New Zealand and the Philippines mentioned 

"using environmentally friendly packaging". Meanwhile, 

Korea in two different documents recorded social actions 

to "distribute surplus food to charities and NGOs" 
 

Table 8 

 Component contribution pressure 
 Impacts   

Element Mentions % Cum % 

I11 15 10% 10% 

I6 14 9% 19% 

I12 12 8% 27% 

I2 11 7% 34% 

I4 11 7% 41% 

I7 11 7% 49% 

I13 11 7% 56% 

I9 10 7% 63% 

I14 10 7% 69% 

I10 9 6% 75% 

 Impacts   

Element Mentions % Cum % 

I3 8 5% 80% 

I8 8 5% 86% 

I1 5 3% 89% 

I5 5 3% 92% 

I15 3 2% 94% 

I16 2 1% 95% 

I17 2 1% 97% 

I18 2 1% 98% 

I19 2 1% 99% 

I20 1 1% 100% 

 

 
Fig. 6. Pareto diagram of impacts 

  

 
Table 9 

 Findings of global FLW responses 

No Responses 

Sustainability 

Dimension Location of Study ID pada Table 1. 

Env Soc Eco 

R1 

Formation or development 

of sustainable public 

policy 

  v   

Austria, Brazil, China, Italy, 

Netherland, New Zealand, 

Philippines, Spain, Turkey, UK, 

USA, Mexico 

1, 9, 16, 17, 19, 23, 24, 25, 

27, 33, 35, 36, 37, 45, 47, 52, 

53, 54 

R2 
Environmental awareness 

campaign/zero waste 
v     

Austria, China, Indonesia, Italy, 

Malawi, Mozambique, New 

Zealand, Nigeria, Philippines, 

Qatar, Spain 

2, 9, 10, 21, 22, 23, 26, 31, 

35, 41, 44, 45, 47 

R3 
Strict implementation or 

enforcement of policies 
  v   

China, Indonesia, Italy, 

Philippines, UK 
2, 18, 19, 22, 41, 42, 45 

R4 Recycling v     
Austria, India, New Zealand, 

Philippines 
6, 16, 23, 25 

R5 
Waste management and 

sustainability 
v     China, Lebanon, UK 17, 51, 32, 45, 12 

R6 
Investment in facilities 

and technology 
    v 

China, India, Italy, Korea, 

Lebanon, New Zealand, Qatar, 

Spain, Turkey,  

10, 16, 18, 27, 28, 31, 32, 45, 

46, 9 

R7 Recovery v     
New Zealand, Nigeria, 

Philippines 
16, 23, 44 

R8 Reduce v      Italy, Lebanon, Philippines 23, 28, 9 

R9 Reuse v     New Zealand 16, 12 

R10 Rethink v     Austria, Philippines 23, 26 

R11 Packaging optimization     v Austria, Korea, Nigeria, Spain 25, 28, 31, 44 

R12 
Market and facility 

management 
    v 

Korea, Malawi, Mozambique, 

New Zealand, Philippines 
16, 21, 22, 28, 35 
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No Responses 
Sustainability 

Dimension 
Location of Study ID pada Table 1. 

R13 
Establishment of a 

regulatory governing body 
  v   Brazil, Nigeria 1, 44 

R14 
Use of environmentally 

friendly packaging 
v   

 
New Zealand, Philippines 23, 35 

R15 
Improved monitoring, 

traceability 
  v   

China, Italy, Korea, Malawi, 

Mozambique 
17, 18, 21, 52, 53, 24, 51 

R16 
Improved supply chain 

management 
    v China, Italy, Korea  17, 28, 42 

R17 
Distribution network 

optimization 
    v China, Korea 17, 28 

R18 Improve product quality     v Netherland 33, 34 

R19 
Process and resource 

optimization 
    v China, Japan 43, 45 

R20 

Redistribution of food 

surpluses to charities and 

NGOs 

  v   Korea 28, 24 

 
Table 10 

Component contribution responses 

 Responses   

Element Mention % Cum % 

R1 18 18% 18% 

R2 13 13% 32% 

R6 10 10% 42% 

R15 7 7% 49% 

R3 7 7% 56% 

R12 5 5% 61% 

R5 5 5% 66% 

R4 4 4% 70% 

R11 4 4% 74% 

R7 3 3% 78% 

R16 3 3% 81% 

R17 3 3% 84% 

R8 3 3% 87% 

R10 2 2% 89% 

R13 2 2% 91% 

R14 2 2% 93% 

R18 2 2% 95% 

R19 2 2% 97% 

R20 2 2% 99% 

R9 1 1% 100% 

 

 
Fig. 7. Pareto diagram of responses 

 

4. Discussion 

Based on the results of the FLW study conducted by the 

Indonesian government, sustainable intervention in FLW 

is considered essential, by accommodating the three 

dimensions of sustainability proportionally, which are the 

social, economic, and environmental dimensions, all 

stakeholders can be exposed to benefits. If these three 

dimensions are not accommodated proportionally, there 

will be disparities between interests so the FLW problem 

cannot be resolved optimally (Bappenas, 2021). Paired 

with the findings from studies at the global level in Table 

9, it is identified that the response or intervention in FLW 

interventions tends to be partial, namely only one social, 

economic, or environmental dimension, leaving unsettled 

and less optimal homework. In order to optimize the 

intervention model, it is necessary to integrate these three 

dimensions into one to design FLW mitigation responses 

or interventions, especially in Indonesia. So, this research 

recognizes several drivers and pressures that cause the 

emergence of FLW in many countries, which have 

negative impacts on the environment, social and 

economy, thus encouraging different actions (responses).  

A growing global population and modern dietary patterns 

are the main drivers of today's unsustainable food system 

(Mokrane et al., 2023). Dealing with a growing 

population challenges the global food system not only in 

terms of productivity, but also through associated 

environmental pressures (Donato et al. 2021). Projections 

of growth in human population and income suggest that 

the environmental impact of the food system could be 50-

90 percent greater in 2050 compared to 2010, taking us 

beyond the planetary boundaries that have been defined as 

a safe operating space for humanity, just to reach supply 

activities and meeting demand (Springmann, et al., 2018); 

(Bartelings & Philippidis, 2024). 
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The high knowledge capacity of consumers can increase 

awareness, motivation and community involvement in 

managing FLW and efforts to reduce it. Veselá et al. 

(2023) and Casonato et al. (2023) identified many drivers 

of food waste behavior by consumers other than the price 

of the food itself, so that social awareness is needed to 

reduce this waste. According to (Stathers & Lamboll, 

2022) current knowledge gaps, placing greater emphasis 

on the importance of coordinated learning, especially in 

assessing investments in FLW reduction technologies. In 

agriculture, this lack of knowledge prompted a paper on 

post-harvest farming in a changing climate (O'Connor et 

al. 2023). Farmers who only employ outdated growing 

techniques and harvesting methods and have limited 

knowledge about the latest technological developments 

result in poor production results and losses (Surucu-Balci 

& Tuna, 2022). 

In addition, household size also contributes to household 

food waste as well as household income indicating that 

the richer a household, the greater the food waste. 

(Barrion et al. 2023), because the food prepared or 

purchased is often more than is needed by smaller 

households.  This is also related to human attitudes and 

behavior, especially consumers who often throw away 

food to the detriment of the environment (Porat et al., 

2018). 

The modern world is experiencing significant changes due 

to economic development, increased purchasing power, 

eating habits, and increased patterns of food production 

and consumption (Spang, et al., 2019). According to 

(Mokrane et al., 2023) Increased food consumption in 

high-income countries is causing large amounts of edible 

food to be wasted, which is detrimental because every 

input at every stage adds value to the food. (Spang, et al., 

2019). According to Fami et al. (2019) some studies show 

that the amount of food wasted at household level varies 

between 25% in the UK, 42-50% in some European 

countries, and even 60% in one US state. In the 

Philippines, DOST-FNRI (2020) reported a total of 57 g 

(73.8%) of other food was thrown away in a household 

(Barrion et al., 2023). The emergence of FLW in 

households largely stems from poor food preparation 

practices (Schott & Andersson, 2015). This is related to 

the pressure of inappropriate operational practices which 

were found recorded in several countries such as China, 

Florida, Japan, Korea, Mozambique, New Zealand, 

Nigeria, Philippines and Turkey.  

In the agricultural sector, inaccurate operational practices 

occur during harvest due to damage (either by machines 

or humans), lack of skilled labor, and failure of 

technology/machinery, which is very crucial. Thorsem et 

al. (2022) found that in greenhouse tomatoes, operational 

errors caused tomatoes were rejected due to damage 

during harvest or falling to the floor. That is why post-

harvest activities are a pressure recorded in the literature 

and often occur in developing countries due to lack of 

knowledge and technological investment.  In addition, 

FLW can also occur at processing stages such as using 

inappropriate materials; manufacturing processes that 

result in low product quality; storage errors at inadequate 

temperatures, short storage duration or inaccurate storage; 

packaging defects, and quality and aesthetic standards 

(including customer and retail demands and expectations). 

FLW drivers and pressures cause negative impacts on the 

environment, social and economy. The decreasing 

availability of clean water is a problem in many countries 

and is most frequently mentioned by literature from 

Austria, China, Florida, Italy, Japan, the Netherlands, 

Philippines, Spain, USA, UK and Ukraine. This is in line 

with (Muth, et al., 2019), FLW has adverse effects on 

climate, water, and air as well as those related to land use 

for food production. Apart from that, FLW emissions 

make a significant contribution to climate change 

(O'Connor, Skeaff, Bremer, Lucci, & Mirosa, 2023). In 

Malawi, Climate change has caused extreme rainfall to 

become heavier and more likely during consecutive 

storms and cyclones in early 2022 (Otto, et al., 2022). In 

Indonesia, the average emissions produced are 2,324.24 

kg CO2-ek/1-ton FLW, the total potential impact of 

global warming resulting from FLW over the last 20 years 

is estimated at 1,702.9 Mton CO2-ek or equivalent to 7.29 

% average of GHG emissions in Indonesia for 20 years 

(BAPPENAS, 2021). 

Besides from having a negative impact on the 

environment, FLW also has a negative social impact, 

including increased pollution, decreased human health, 

hunger, malnutrition, and poverty. This is in line with 

Barrion et al. (2023) that as a social issue, FLW adds to 

ongoing concerns about the increasing prevalence of 

malnutrition worldwide. In Indonesia, the energy content 

lost due to FLW generation from 2000 to 2019 was 618–

989 kcal/capita/day or equivalent to the energy needs of 

around 61–125 million average Indonesians (29–47% of 

Indonesia's population) (BAPPENAS, 2021). According 

to Barrion et al. (2023). Concerns regarding FLW are 

multifaceted and affect all aspects of the food system. Its 

reduction will help address many issues related to hunger, 

malnutrition and food security. 

Furthermore, FLW also has a negative impact on the 

global, regional and national economy because FLW can 

reduce profits, lead to monetary losses and waste, and 

increase financing for waste management. According to 

Kotykova & Babych (2019) The economic consequences 

of food loss and waste are demonstrated by significant 

economic losses, which equate to wasted losses and 

inefficient investments, as well as lost income. The 

number of economic losses in Ukraine in 2016 amounted 

to approximately EUR 991.9 million, which was 2.8% of 

Ukraine's budget in 2017, as well as unmet revenues 

amounting to EUR 2,224.5 million. In Indonesia, losses 

caused by FLW are 213–551 trillion rupiah/year or 

equivalent to 4%-5% of Indonesia's GDP/year 

(BAPPENAS, 2021). 

From the many findings related to drivers, pressures, 

impacts, and responses from the literature review from 29 

countries, the components that contributed 80% to FLW 
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were taken using a Pareto diagram based on the number of 

mentions in 54 studies. Furthermore, these findings have 

been identified based on their sustainability dimensions as 

a framework for FLW mitigation interventions in 

Indonesia. Two different frameworks were proposed for 

food loss (Figure 8) and food waste (Figure 9) to make it 

easier for stakeholders to intervene in mitigating food loss 

and food waste according to their respective 

characteristics. In the food industry sector supply chain, 

food loss mitigation interventions are carried out from the 

production to distribution stages, while food waste 

mitigation interventions are carried out from the 

distribution to consumption stages. Therefore, the 

characteristics are very different regarding drivers, 

pressures, impacts, and intervention responses. 

Three stakeholders are emphasized in the intervention in 

this study, which are government, producers, and 

consumers. Furthermore, the responses are plotted that 

each stakeholder can make in the DPSIR framework, as 

depicted in Figure 8 and Figure 9. 

Both producers and consumers can benefit from reduced 

FLW because producers with the same amount of 

resources can sell more and at the same time have fewer 

goods to throw away, thereby reducing disposal costs. In 

addition, market prices can decrease so that consumers 

gain benefits since they can manage to buy cheaper food 

products (Carillo, 2021). In addition, both producers and 

consumers must be aware of the amount of waste 

generated and the consequences it may have, so that they 

can take reasonable measures to obtain real benefits for 

themselves. 

According to Stathers and Lamboll (Stathers & Lamboll, 

2022) governments are responsible for setting public 

policy goals and objectives, which significantly influence 

policy design and implementation. The formation or 

development of FLW policies requires extensive 

knowledge of synergies, trade-offs, and potential 

unintended consequences. In some cases, improving 

sustainability policies requires context-specific 

information about which value chains to focus on and 

identifying intervention points along the supply chain 

(Cattaneo et al.,). Donato & Oscar (2021) states that 

innovative approaches are needed to support effective 

policy efforts.  

FLW is multi-faceted, so reducing it requires 

collaborative efforts from various institutions and 

stakeholders to continue launching awareness campaigns, 

implementing the concept of using less or no food waste, 

improving food storage methods, as well as developing 

FLW measurement protocols where targets are set and 

FLW is monitored regularly. periodically (Barrion et al., 

2023). However, it is important to recognize that these 

improvements in terms of reducing environmental impacts 

can, in turn, give rise to new impacts from an economic 

and social perspective, thus emphasizing the need to be 

active in the process of continuous improvement in all 

three domains (Domingo-Morcillo et al., 2024). 

 

 

 
Fig. 8. The DPSIR framework recommendation for Food Loss in Indonesia. 
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Fig. 9. The DPSIR framework recommendation for Food Waste in Indonesia.

 

Figure 8 shows the DPSIR framework recommendation 

for food loss in Indonesia which was designed based on 

global FLW. These findings are classified into 

sustainability interventions such as social, economic, and 

environmental. Especially for responses/interventions, 

they are also identified according to the stakeholders. The 

results revealed 6 drivers, 9 pressures, 10 impacts, and 10 

responses. These drivers consist of three social 

dimensions, namely population growth; lack of 

knowledge, awareness, motivation; and urbanization. The 

other two emerge from the economic dimension, namely 

GDP growth, and infrastructure and technology 

limitations. Another driver is the environmental 

dimension, namely climate change/weather conditions.  

Figure 9 shows the DPSIR framework recommendation 

for food waste in Indonesia. It comes up with 11 drivers, 7 

pressures, 7 impacts, and 8 responses. The drivers include 

6 social dimensions, which are population growth; 

increased consumption and individual needs; household 

size; modern dietary preferences and patterns; lack of 

knowledge, awareness, motivation; and urbanization. 

Then, the other 5 come from the economic dimension, 

namely GDP growth, institutional management efficiency, 

income growth, tourism growth, and infrastructure and 

technology limitation. 

In its study, BAPPENAS (2021) identified 18 factors and 

causes of FLW in Indonesia which are divided into 10 

direct causes and 8 indirect drivers.  Direct causes include 

lack of implementation of good handling practices (GHP), 

less than optimal quality of storage space, excess portions 

and consumer behavior, technological limitations, poor 

harvesting techniques, poor packaging/container quality,  

 

 

misinterpretation of expiry time & good before remarks, 

unoptimized food preparation, inappropriate harvesting 

time, and excessive production. Meanwhile, indirect 

causes also recorded include market quality standards and 

consumer preferences, lack of information/education for 

food workers and consumers, market competition and 

limited consumer purchasing power, limited 

infrastructure, market prices, less efficient supply chains, 

lack of food waste regulations, and limitations. access to 

capital. Out of these 18 drivers, all of them emerge as 

causes that also exist in many countries in the world. It is 

proven that all the drivers recorded by BAPPENAS are 

also the drivers and pressures found in the literature 

review of this study. Moreover, the FLW response found 

in this study can be considered for adoption in Indonesia.  

 

5. Conclusion 
 

Indonesia is claimed to be the second largest FLW 

producing country in the world which is 40% of the total 

other types of waste, estimated at 300 kg per capita per 

year. However, until now Indonesia does not have 

comprehensive information and strategies regarding FLW, 

especially at the national level (BAPPENAS, 2021). This 

research aims to design a Sustainability Intervention 

Model as a study for FLW mitigation in  

Indonesia. Drivers, Pressures, Impacts and Responses of 

global FLW were studied from 54 pieces of literature 

from 29 countries whose contribution was then identified 

using Pareto analysis based on the number of mentions of 

each component. The components that have 80 

cumulative percentages are then taken. We identified 

findings based on their sustainability dimensions for a 

framework to address and improve FLW (Food Loss and 
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Waste) in Indonesia. Two different frameworks are 

proposed for food loss and food waste to facilitate 

stakeholders in intervening in the mitigation of food loss 

and food waste according to their respective 

characteristics. So, the findings consist of 6 drivers, 9 

pressures, 10 impacts and 10 responses for food loss. 

Meanwhile, there are 11 drivers, 7 pressures, 7 impacts, 

and 8 responses for food waste. Ministry of National 

Development Planning (BAPPENAS) in 2021, conduct 

study report related FLW in Indonesia and found 18 

factors and causes of FLW. Out of these 18 drivers, all of 

them have become causes that also exist in many 

countries in the world that became our framework in this 

study. 

This paper also offers managerial implications for 

stakeholders along the food supply chain. Not all 

stakeholders have the same level of legitimacy, power, 

and urgency because their competencies of latent, 

potencies, and importance are positioned at different 

levels. The stakeholders are classified into three types, 

which are governments, producers, and consumers. 

Producers are responsible for intervention from the 

production process to distribution before the product 

reaches the consumer, then the next phase is under the 

consumer's responsibility. The government is responsible 

for making regulations and policies that support its 

intervention process. Producers and consumers must play 

a more active role in implementing the recommended 

strategies to reduce losses on both sides. Later, these 2 

stakeholders can be proactively connected in participating 

in FLW mitigation interventions, the government's 

presence is very urgent in bridging the two parties. The 

government can channel them through legally binding 

policies and regulations regarding their respective 

responsibilities in FLW mitigation interventions in each 

food supply chain. Lastly, to increase their interest, the 

government needs to create incentive and reward 

programs for stakeholder groups who massively carry out 

FLW mitigation intervention efforts in Indonesia.  

Future studies can conduct similar research with the 

utilization of more general keywords such as "food loss 

and waste" in the title, so that the literature used can be 

richer, then analyze all these studies using the DPSIR 

model, because basically each FLW study discusses at 

least one element of DPSIR, although it excludes drivers, 

pressures, impacts, or responses in its study. 
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