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feeding everyone on the planet. Therefore, considering its importance in terms of nutrition

and economics, evaluating the sustainability of this production method is essential. This
comprehensive review investigates the life cycle environmental impacts, economic
considerations, and social aspects associated with global rice cultivation. Spanning diverse
regions, the study employs a comparative analysis using Global Warming Potential (GWP) as a
benchmark, revealing variations in greenhouse gas emissions per metric tonne of rice. Malaysia
and Italy, employing distinct cultivation techniques, exhibit similar results, highlighting the
nuanced environmental impacts influenced by climate and soil conditions. Sensitivity analysis
evaluation underscores its significance in understanding the impact of different assumptions on
study outcomes, while life cycle costing is explored, revealing a tendency to overlook economic
aspects in rice industry Life Cycle Analysis (LCA) investigations. Social Life Cycle Analysis (S-
LCA) introduces socio-economic considerations, unveiling potential risks associated with child
labor, forced labor, fair wages, and working conditions in the global rice industry. Key
discoveries indicate India consistently exhibits the highest medium-high social risks,
emphasizing the potential widespread impact of social issues in the global rice trade. The study
concludes by emphasizing the need for additional research into the societal impacts of rice
agriculture, serving as a valuable starting point for promoting sustainable and socially responsible
practices in the global rice industry. Recommendations include employing diverse operational
entities, aligning methodologies, addressing regional priorities, and conducting comprehensive
LCAs by leading rice-producing countties.
Keywords: Nutrition and Economics, Climate and Soil Conditions, Fair Wages, Global Rice
Trade, Social Risks.
Introduction:

With ongoing economic development and population growth, global energy
consumption, especially in agriculture, is increasing annually. Achieving a more secure and
sustainable energy future requires a focus on energy efficiency. Stabilizing energy supply is
crucial for enhancing energy security on a national level. The increasing global demand for
energy and trade has underscored the importance of energy diversification, generation, and
efficient allocation. Therefore, analyzing energy use becomes a vital step in formulating effective
energy policies. Developing agricultural systems with low energy inputs not only contributes to
emission reduction but also enhances food production security [1].

Governments and non-governmental organizations recognize the importance of
motivating farmers to adopt resource-conserving practices on their own farms. This requires
investment in participatory processes to bring people together, identify common problems, and

: ; ince rice is the cereal that people eat most of all over the wotld, producing it is crucial for
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form groups or associations capable of developing practices for mutual benefit. Collective
management programs have experienced significant growth globally in recent years. Social
capital, representing aspects of social structure that serve as resources for individuals and
facilitate cooperation, plays a crucial role in this context. Effective norms serve as a powerful
form of social capital, and various perspectives explain how social capital groups form and
feature within a population. Local groups addressing watershed/catchment management,
irrigation management, micro-finance delivery, forest management, integrated pest
management, and farmers' research groups have emerged in developing countries. The
formation of social capital groups for water users has led to higher rice yields in certain regions
through efficient water consumption [2].

However, in Iran, the emergence of such social capital associations at the local level has
not reached a significant level. Efforts are needed to encourage the formation of social capital
at the village level. Itis evident that new thinking and farming practices are necessary, particularly
to develop social and governmental organizations structurally suited for both farms and natural
resource management at the local level. Energy is utilized in Iranian agriculture in various forms,
from diesel fuel and fertilizer consumption to different types of farm machines. Notably, energy
indices alone cannot fully represent all environmental impacts. Other impacts, such as
acidification and global warming potential, should also be considered. Additionally, a
comprehensive LCA is essential, as it assesses the environmental impact of a product throughout
its production stages, from cradle to grave. The ISO 14040 standard outlines four main phases
of an LCA procedure: goal and scope definition, inventory analysis, impact assessment, and
interpretation [3].

LCA is a systematic approach used to evaluate a system or product, enabling the
measurement of its potential environmental impacts and the analysis of tradeoffs among various
environmental effects. Standardized by the International Organization for Standardization (ISO)
through ISO 14040:2006 and ISO 14044:2006, LCA comprises four standardized steps—Goal
and scope definition, inventory, impact assessment, and interpretation of results—aiming to
align its application across practitioners. The initial phase, Goal, and Scope Definition are crucial
as they establish the approach and guide decisions about the product system under consideration
[4].

The Life Cycle Inventory phase involves tracking all material inputs and outputs in a
production system, including raw materials, water, energy, and emissions into the environment.
LCI analysis can be complex, covering multiple supply chains and numerous tracked substances.
The Life Cycle Impact Assessment evaluates environmental impacts based on data collected in
the inventory analysis. Lastly, the Interpretation phase involves analyzing and identifying
improvement opportunities, along with checks for completeness, sensitivity, and consistency.
Originally used for analyzing industrial products or production systems, LCA has expanded to
assess the environmental impacts of the agricultural sector. However, the agricultural context
introduces complexities such as multiple products from a single system, regional and crop-
specific management techniques, temporal and spatial variations, and a lack of standard
approaches for significant consequences like land use and water usage [5].

The United Nations has recently released estimates indicating that the global population
currently stands at eight billion people. Projections anticipate a substantial increase, reaching
around 11 billion people by the year 2100. This demographic expansion, while marking a notable
milestone in human evolution, brings with it the challenge of meeting the growing demand for
food. It is anticipated that food intake may need to increase by approximately 40% to sustain
the rising population through intensive resource utilization. This underscores the urgency for
innovative and sustainable approaches to food production and resource management to ensure
global food security in the face of a rapidly growing population [6] [7].

Review Methodology:
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The literature review methodology involved exploring the "Scopus" and "Web of
Science" databases to retrieve scientific manuscripts published from February 1, 2005, to
October 31, 2022. The selection of manuscripts followed the Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA) guidelines, with details outlined in Figure 1.
The search queries included the keywords "LCA," "Rice," "Life Cycle Analysis," "Cereals," and
"Environmental Impact." Only journal articles published in English were considered during the
search process. The initial search yielded a total of 400 articles, which were subsequently reduced
to 250 after removing duplicates [§].

Database
Exploration

Identification

PRISMA
Guidelines

Removing
Screening Duplicates
(@=250)

. Assessment of
Inclusion Selected
Articles

Figure 1: Flow Diagram illustrating Article Selection

A meticulous selection process was undertaken, resulting in the exclusion of 150 studies
after a comprehensive title analysis, aligning with the primary objective of this study to review
the application of LCA in the rice cultivation sector. The criteria for selection were as follows:
only studies published in peer-reviewed journals were included, while conference proceedings,
book chapters, Ph.D. and Mastet's. Additionally, selected studies were requited to clearly state
and explain the applied methodology, conducting an assessment of environmental performance
using the LCA approach. Exclusion criteria encompassed studies not specifically focusing on
crop cultivation, such as those centered on the management or re-use/re-purposing of rice or
any byproduct. Furthermore, the selected studies needed to evaluate at least one environmental
effect or social aspect, thereby excluding articles solely focused on building inventory. These
stringent criteria were diligently applied to ensure that the chosen studies contribute directly to
the examination of LLCA applications in the rice cultivation sector, maintaining a focused
exploration of environmental and social impact assessments within this specific context.
Findings and Conversations:

Of the total 150 publications, 72 focused on LCA, while the remaining three centered
on Social Life Cycle Analysis. A detailed examination of this research. Analyzing the first 72
articles revealed that China and Iran were the most prolific contributors, with 10 and 12
publications, respectively. Senegal, Spain, and Sri Lanka each made singular contributions, while
Malaysia, Brazil, Japan, India, and China each added two publications. Bangladesh, Thailand,
and Italy were notable contributors, each submitting three items.

Understanding the geographical distribution of research is paramount due to variations
in agricultural practices among nations, driven by factors such as diverse growing seasons, water
availability, and input utilization. Consequently, authors tailor their goals according to the
customary farming methods prevalent in their respective countries. However, it is noteworthy
that only a limited number of studies delve into this aspect [9]

Explicit comparisons between conventional and organic farming practices have been
limited within the scope of LCA. This limitation highlights the inadequacy of LCA in accurately
differentiating between the two approaches and consequently assessing the advantages and
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disadvantages associated with organic farming. Notably, research conducted in the Asian belt,
encompassing countries such as China, Bangladesh, Malaysia, Thailand, and Japan, omits the

use of artificial water as an input. The absence of artificial water input in this region does
not directly impact the study outcomes, given the favorable weather conditions experienced by
these nations. Studies in this context often concentrate on the management of fertilizers and
herbicides. Three studies specifically explore the targeted objective of reducing fertilizer loading
in rice and aquaculture.

Functional units employed in these studies vary, with the most frequently used being
one kilogram of rice (in 14 research studies), one hectare of land (in 16 studies), and one tonne
of rice (in 25 studies). It is noteworthy that several authors have utilized multiple acronyms,
including hectare and 1,000 RMB yuan, reflecting the diverse approaches and units of
measurement employed in the evaluation of the environmental and socioeconomic aspects of
rice cultivation [10], as well as RMB yuan and Nutrition Density Unit [11].

One hectare and one metric tonne or one metric tonne and one Chinese yuan. Extra
functional units were selected, like 1 kilogram of protein or 6.8 tonnes of rice [12]. It is evident
that there is a preference for researching the cultivation of one hectare of land and the
production of one metric tonne of commodities, with less emphasis on other functional units
related to nutritional or economic considerations. To ensure a comprehensive understanding of
agricultural production sustainability, defining functional units that adequately capture a wide
range of aspects is desirable. The use of multiple functional units can effectively communicate
the concept of agricultural multifunctionality, making it a fruitful area of research for the
application of LCA not only in the rice sector but also in agriculture overall.

Employing 1 kg or 1 ton as a functional unit, and, in a relevant context, 1 acre, can
provide insights into the environmental consequences associated with both the primary
objectives of production and land use. This mirrors how a profit unit or a nutritional unit can
demonstrate the financial and food-related roles of agricultural systems. Given the diverse tasks
performed by agricultural systems, it is crucial to assess their effects using functional units that
accurately reflect the services these systems offer. However, this review highlights that
multifunctionality is seldom considered in LCA research, possibly posing a methodological
challenge. To precisely quantify additional externalities and thoroughly explore agricultural
multifunctionality, incorporating new functions into evaluation studies is vital.

Limitations of the Framework:

Specifically, the "cradle-to-farm" manufacturing approach is commonly favored in the
literature. However, it is noteworthy that writers often use general language without explicitly
indicating whether they consider the entire creation process of inputs or solely their
consumption. There exists disagreement among professionals regarding the precise definitions
of steps, materials, and production processes, highlighting the significant variability in these
areas. The literature sporadically references the manufacturing procedures associated with
various inputs, including seeds, fertilizers, and pesticides. This variation in approach and
terminology underscores the need for a more standardized and explicit delineation of boundaries
and considerations within the Life Cycle Analysis framework, particularly concerning the
production stages of agricultural inputs [13]. Nevertheless, some authors neglect to consider
seed production in their arguments. The conventional practice in LCA research on rice
production is to adopt the cradle-to-gate timeframe as the reference boundary. This choice is
driven by the fact that studies often concentrate on distinct stages of the production process,
and comprehensive data is lacking. The inclusion of variables such as packaging and machinery
in current trials introduces complexities that impede direct comparability of results. The
transportation of goods to the farm is one such factor that requires careful consideration within
the defined reference boundary to ensure a comprehensive and accurate assessment of the
environmental impacts associated with rice production
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The consensus in LCA research on rice production primarily favors concluding the
analysis at the paddy harvesting stage, with occasional consideration given to storage warechouses
and machinery production processes. While this aligns with a standardized boundary selection,
there are instances where authors extend their focus to additional production processes,
including elements like machinery, without clearly outlining the criteria for their inclusion. This
variability in approach raises concerns about the comparability of results, as there is a risk of
overestimation or underestimation, rendering the outcomes essentially incomparable. Further
disparities may arise from authors incorporating different elements, such as consumption or
complete manufacturing processes. Additionally, the ambiguity in the descriptions provided by
authors contributes to the difficulty of comparing results across various studies in the field of
rice production LCA.

Life Cycle Impact Assessment:

From a review encompassing 32% of the evaluated publications, it is apparent that the
ReCiPe 2016 MidPoint technique stands out as the most widely employed approach for Life
Cycle Impact Assessment (LCIA). ReCiPe represents an updated version integrating elements
from the CML-IA baseline, ILCD 2011 Midpoint+, and IMPACT 2002+. Notably, it features
fifteen impact categories, differing from the ILCD 2011 Midpoint+ with sixteen categories and
the CML-IA baseline with eleven categories. The comprehensive nature of ReCiPe, boasting 18
effect categories and 3 damage categories, suggests that this methodology may offer a more
thorough and nuanced evaluation compared to other approaches in the field of LCIA [14]. Due
to these considerations, the selection of different Life Cycle Impact Assessment (LCIA)
calculation approaches is influenced by various factors, including the characteristics of the study,
its objectives, the specific consequences under examination, alignment with the needs of a
particular nation, the nationality of the authors, and the desired accuracy of the results. Notably,
three frequently employed examples of hybrid techniques in LCIA are the IPCC, Eco points,
and Cumulative Energy Demand. These approaches offer flexibility and adaptability to diverse
study contexts and objectives, reflecting the nuanced nature of Life Cycle Analysis and the need
for tailored methodologies based on specific considerations [15].

Combining various methods in Life Cycle Analysis studies can introduce complexity,
making it challenging to analyze and compare results. The technique employed by researchers
often determines the specific effect categories they focus on, resulting in occasional disparities
in vocabulary even when communicating similar concepts. To mitigate this, the effect category
names in this study were represented using common terms and standardized. The impact
categories were then categorized based on their frequency of use across the examined literature,
revealing a total of thirty-one impact categories across all 37 research studies. These categories
were further classified into three primary areas: the environment, human health, and resources,
enhancing clarity.

In the environmental category, Global Warming Potential (GWP) attracted the most
attention, appearing in 32 studies, followed by Terrestrial Acidification with 27 instances.
Freshwater Ecotoxicity was investigated in 16 cases, Eutrophication Potential in 15 cases, and
Water Consumption in 13 cases. The emphasis on GWP reflects rice growers' commitment to
reducing field emissions and methanogens through ecologically friendly agronomic practices.
Additionally, attention to Freshwater Ecotoxicity addresses concerns about pollutants that can
threaten food security by infecting aquatic animals, potentially reaching humans through
consumption. Eutrophication research underscores the environmental impact of fertilizers
containing phosphate or nitrogen, affecting water ecosystems and aquatic life. These findings
highlight a dual concern for maintaining ecosystem quality and ensuring food security.

Lastly, the data reveal a notable discrepancy in the attention given to land-use categories,
despite rice accounting for 11% of global agricultural land. Only 16 impacts were allocated to
land-use categories, suggesting a need for greater emphasis on this aspect in future LCA
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studies[16]. This highlights a noteworthy gap in research on rice farming, as it does not seem to
adequately address concerns related to the loss of natural habitat and land reduction.
Nevertheless, the overarching objective remains to enhance rice yield on existing acreage
through the optimization of water, energy, and other resources. This suggests a need for a more
comprehensive examination of the environmental impacts associated with land use in rice
cultivation, especially as global concerns regarding habitat loss and land scarcity continue to
grow. Addressing these aspects is crucial for developing sustainable practices that balance
increased crop productivity with environmental conservation [17].

Human Welfare:

Human toxicity emerged as the impact category with the highest weight, comprising 23
instances. Additionally, there were impacts on ozone, encompassing particulate matter
formation (N = 7), ionizing radiation (N = 5), depletion (N = 14), and formation (N = 4).
Compounds with the potential to harm humans, such as heavy metals found in pesticides,
typically garnered increased attention due to their emissions. This signifies extensive efforts to
regulate these inputs within the rice industry.

The excessive ozone production in the atmosphere, primarily caused by the burning of
fossil fuels, underscores its detrimental effects on human health, particularly respiratory issues,
and terrestrial ecosystems by reducing plant biomass. Regarding particulate matter formation,
various field activities, including agricultural processing, combustion plants, insecticides, and
exhaust from farm machinery, can be associated with sources of air pollution. These findings
illustrate the comprehensive exploration of diverse environmental impacts associated with rice
cultivation, reflecting a commitment to understanding and mitigating potential risks to both
human health and the broader ecosystem [17].

The popularity of this category indicates a growing awareness of sustainability issues,
emphasizing the desire to safeguard soil and water resources. The study focusing on ionizing
radiation delves into the impacts of various energy sources, encompassing industries like nuclear
power generation. Conclusions from this study vary depending on the energy mix of each
country. However, the choice of impact type should not be solely based on personal preference.
Instead, it should be grounded in the fact that several researchers have adopted a specific
methodology that incorporates that category, yielding a distinct set of outcomes.

The abundance of an effect category in a method may be attributed to its frequent
application. Concerns primarily revolve around the effects of chemical nitrogen fertilizers,
encompassing both direct emissions and emissions originating from their manufacturing
processes. Additional worries stem from direct CH, emissions related to methanogens, as well
as consequences of the mechanization phase, such as the production and utilization of diesel
and electricity management. These considerations highlight the multifaceted nature of
environmental impacts associated with agricultural practices, urging a comprehensive approach
to address various contributors to environmental concerns
Resources:

In the macro area of resources, Mineral Resource Scarcity (N = 2) received the least
attention, while Fossil Resource Scarcity (N = 13), Metal Depletion (N = 9), and Abiotic
Depletion (N = 4) were the most extensively studied effect categories. It's noteworthy, however,
that despite having various names, these groupings essentially convey the same concept. The
literature assessment reveals a lack of emphasis on the environmental impacts of abiotic
resources, with authors showing minimal interest in preventing their depletion.

Opverall, there appears to be a deficiency in understanding the quantification of the
reduction of non-living resources in LCAs. The concept of abiotic depletion is briefly mentioned
in current LCA models, suggesting that it is not considered a significant concern. Nevertheless,
the imminent depletion of resources, particularly in light of the recent energy crisis stemming
from the conflict between Russia and Ukraine, underscores the need for further investigation.
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The exhaustion of abiotic resources may lead to significant consequences, such as increased
expenses for energy, raw materials, and semi-finished goods. Agriculture, in particular, may
experience immediate effects from these price increases, potentially creating a detrimental
teedback loop that poses a threat to ecosystems and the overall national economy.

Environmental Human health Resources

Number of studies

Impact catogries
Figure 2: Impact categories examined in the LCA studies [18].
Explanation:

As the literature studies spanned multiple regions (Asia, Europe, Africa, and South
America), the findings were extrapolated for the purpose of comparative analysis. GWP,
expressed in kilograms of carbon dioxide equivalent (kg CO; eq), was selected as the benchmark
value in most studies. To ensure comparability across different GWPs, they were standardized
to one metric tonne of product, despite occasional variations in functional units among different
research. When the functional unit was 1 kg, the GWP was multiplied by a factor of 1000.
Results were accurately represented when the functional unit was 1 hectare, and the yield per
nation was estimated. This standardization allowed for meaningful comparisons and
interpretations across diverse studies conducted in various geographical regions [19]. The
calculation of GWP involved multiplying the protein content in one kilogram of rice by 1000,
setting the functional unit as 1 kilogram of protein. However, three research studies were
excluded from consideration due to discrepancies in the reported percentages. In the context of
Iran, the greenhouse gas emissions per metric tonne of rice were estimated to be approximately
298 kg CO; equivalent [20]. In Brazil, the greenhouse gas emissions per metric tonne of rice are
approximately 482 kg CO; equivalent. Italy, on the other hand, has a greenhouse gas footprint
of around 1301 kg CO, equivalent per tonne of rice [21]. Lastly, Malaysia exhibits emissions of
approximately 1390 kg CO; equivalent per metric tonne of rice. Notably, Malaysia and Italy
achieve roughly similar results despite employing different cultivation techniques. Malaysia relies
primarily on rainfall during the monsoon season [22] and a vast canal network, while Italy's
production system is irrigated, requiring electricity to operate pumps, leading to associated
repercussions. Given that a significant portion of Malaysia's population heavily relies on rice as
their main food source, the country's increased use of fertilizers and pesticides may contribute
to similar results.

In contrast, countries like China and Japan, which receive abundant rainfall annually,
have a plentiful water resource that adequately meets their rice cultivation requirements.
Consequently, the consequences of water pumping are disregarded, and the significant
environmental impacts (reaching a maximum of 3000 kg CO; per tonne for China and 2160 kg
CO:z equivalent for Japan) can mainly be attributed to the widespread utilization of fertilizers,
with inconsistent results arising from different boundaries and factors considered. The

May 2023 | Vol 5 | Issue 2 Page | 58



A
OPEN () ACCESS . . ~ .
International Journal of Agriculture & Sustainable Development

environmental suitability of rice farming may vary depending on the soil and climate conditions
in different countries, influencing the choice of inputs.

In Italy, the predominant cause of the consequences was excessive water usage, directly
impacting methanogens and indirectly affecting the power generation required for water
pumping. The climatic and soil conditions of Italy are not conducive to the type of horticulture
commonly seen in Asia, where regular rainfall ensures a consistent water supply. Instead, Italy
requires a continuous artificial water supply to sustain its horticultural activities.

The predominant impacts in Asian nations were linked to the extensive use of pesticides
and fertilizers, which has expanded gradually due to advantageous policies and affordability.
While pesticides and fertilizers are commonly used in rice-producing countries worldwide, their
usage in Europe is regulated by Council Directive 91/676/EEC [23], establishing maximum
allowable nitrogen loads per hectare. Diverse outcomes may arise from varying system
boundaries, phases, input quantities, and methodological structures, as each author examines a
distinct technique. It is crucial to interpret every result within the specific methodology and
technique employed, posing a challenge in comparing the studies.

Sensitivity Analysis (SA) Evaluation:

To assess the impact of different assumptions on study outcomes and understand how
they change with updated model assumptions, a sensitivity analysis was conducted,
incorporating alternative assumptions distinct from those used in the primary analysis [24].
Life Cycle Costing:

Life cycle costing entails the economic assessment of all anticipated and agreed-upon
significant cost streams throughout an analysis, expressed in monetary terms. It is recognized as
the second pillar of life cycle thinking, as outlined by ISO 15686-5. This methodology unveils
the real costs of production before the output is generated. Among the publications scrutinized
between 2012 and 2022, a total of five authors (constituting 12% of the sample) incorporated
an economic evaluation alongside their analysis [25]. The literature review highlights a common
tendency among authors to overlook the economic aspect of LCA investigations. This trend
mirrors the broader pattern observed in LCA studies on agri-food products. Authors may have
encountered challenges in adapting the life cycle cost analysis to the specific processes under
consideration [26]. Nevertheless, it is important to highlight that economic data for inputs are
often well-established and readily calculable, which should make their identification less
challenging. Consequently, it appears that the aspect of economic sustainability in the rice
industry has been neglected. This oversight could also limit the utilization and application of
other analytical tools, such as the Eco-Care Matrix [27].

Assessment of the Social Life Cycle:

The third component of sustainability analysis, referred to as S-LCA, evaluates the socio-
economic impact of various stakeholders, encompassing both positive and negative aspects,
throughout the entire lifespan of the product [28]. [29] specifically concentrated on rice farming
in China, examining the social aspects. The other two studies, conducted in Thailand, compared
various crops. This limited focus on social aspects within the literature highlights the need for
more comprehensive research on the social dimensions of rice farming, particulatly in diverse
geographical and cultural contexts. Due to the absence of a standardized method for Social Life
Cycle Analysis (S-LCA) or a reference standard for Social Life Cycle Impact Assessment (S-
LCIA, ISO/AWI 14075 under development), each author employed a distinct methodological
framework to analyze social impacts. These frameworks included the calculation of normalized
percentages or the use of semi-qualitative social indicators. Despite the UNEP
recommendations being available for over a decade, the inaugural S-LCA study in the rice sector
was only concluded in 2019. S-LCA is underutilized in rice production, attributed to
methodological challenges, such as unreliable data and databases, difficulty in determining
system boundaries, cut-off criteria, and functional units, as well as the lack of agreed-upon
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standards for selecting stakeholders, indicators, and sub-indicators. This challenge is further
compounded by the agri-food sector's limited emphasis on social sustainability [30]. Examining
the social aspect of the rice sector is crucial for understanding the multifunctionality of
agriculture, which must not only meet global food demands but also contribute to economic
and societal growth. This involves expanding the focus beyond agriculture to encompass the
enhancement of rice fields, local communities, and their traditions—an interconnected system
considered a heritage of the environment, culture, and mankind. Therefore, an attempt was
made to provide an initial comprehensive assessment of the potential hazards associated with
rice farming in various countries among the 12 mentioned in the literature (Bangladesh, Brazil,
China, India, Iran, Italy, Japan, Malaysia, Senegal, Spain, Sri Lanka, and Thailand). In this effort,
the Product Social Impact Life Cycle Analysis (PSILCA) standards were considered, offering a
comprehensive database with 87 indicators to evaluate social aspects across various stakeholder
groups [31].

The PSILCA standards, grounded in the UNEP framework, were utilized in the study
formulation. Implications were categorized into social risk levels for each indicator, ranging
from no danger to very high risk. The selection process considered nine criteria: Child labor,
forced labor, Fair Wages, Working Hours, Workers' Rights, Discrimination, Health and Safety,
Access to Material Resources, and Migration. Two stakeholder types, the local community, and
workers, were deliberately included. The breakdown of the nine categories into twelve
subcategories, each with its own signal, is displayed. The choice of indicators considered data
availability in the database and the significance of connections between the rice sector and other
impact categories.

Due to the absence of a reference standard for S-LCA and reliance on only two
databases, PSILCA and SHDB, precautions are necessary. PSILCA generally provides data at
sectot, national, or aggregate levels. Generalizations ate crucial, as some statistics, such as "Child
labor," were typically available based on macro-geographic areas rather than specific countries.
Risks were assessed by considering the probability that rice production would conform to
observed behavioral patterns in the industry. The lack of social effect data at the product level
hinders the final assignment of social consequences, leading to the consideration of risks.

While precise predictions about a specific product's impact on society are challenging,
having knowledge about the probability of a product being associated with an externality is
valuable for policy-making. The analytical use of the risk concept facilitates the incorporation of
hazards as explanatory factors in policy analysis, allowing for adjustments in behavior in
response to perceived risks rather than actual occurrences [32].

The risks identified through a social impact assessment are potential rather than certain,
acknowledging that they may or may not occur, as explicitly stated in the UNEP guidelines. It's
important to note that not all countries have access to data for all indicators, leading to variations
in data quality. A comprehensive analysis considered several indicators for each country,
categorizing key inputs for rice cultivation into macro-areas where possible.

Specifically, "Agriculture" includes livestock and animal husbandry, involving the use of
seeds and organic fertilizers. "Industry" refers to manufacturing processes, including the use of
chemical fertilizers, pesticides, and plastics. "Energy sources and abiotic resources" cover
mining, quarrying, and the provision of petrol, electricity, and water, involving diesel, electricity,
and water use. The "Hours of work per employee" indicator disaggregates data more
comprehensively for energy sources and abiotic resources, classifying items like electricity and
diesel under specific subcategories. The category "International migrant workers in the sector”
includes two broader categories: agriculture and industry. Data averaging across different sectors
was occasionally performed, but individual sector analysis was chosen in certain cases due to the
potential for overestimation or underestimation, considering their distinct nature.
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The database used five risk categories—rvery low risk, low risk, medium risk, high risk,
and very high risk—to normalize results for each indicator at the local level, following PSILCA
guidelines. For the "Number of children in employment" indicator, risk levels were defined as
follows: 0 <y < 2.5% (very low risk), 2.5% y < 5% (low risk), 5% y < 10% (medium risk), 10%
y < 20% (high risk), and 20% y (very high risk), with an indication of no data available [33]. As
a result, if a value falls within the 3% range, it is categorized as low risk, and this criterion applies
consistently to every indicator and country. Subsequently, each risk level was assigned a
numerical value ranging from 1 to 5. Specifically, the numerical values assigned to different risk
levels are as follows: 1 for extremely low risk, 2 for moderate risk, 3 for medium risk, 4 for high
risk, and 5 for very high risk. The ultimate results of the analysis were compared, visually
presented, and assigned a numerical score.

Participants: Staff Members:

The primary impact category investigated was "Child labor," evaluated based on the
percentage of children aged 5 to 17 engaged in that specific industry [34]. The inclusion of
children in agricultural labor frequently involves performing strenuous and hazardous tasks,
resulting in a notable occurrence of both fatal and non-fatal accidents, as well as occupational
diseases. Children are often required to operate dangerous machinery, handle toxic chemicals,
and use explosives in precarious situations, exposing themselves to significant risks. In the most
severe instances, they may even face the prospect of experiencing catastrophic amputations [35].

As per the S-LCA findings, Senegal and India both received a score of 5/5, signifying a
very high-risk level. This indicates that rice cultivation in these countries could entail significant
dangers. Japan, China, and Bangladesh were assigned a rating of 3/5, indicating a medium level
of risk. Conversely, the risk in other nations was minimal or non-existent. Within this category,
evaluations of "forced labot" quantify both the number of goods produced through forced work
(70) within the sector and the occurrence of forced labor (71) per 1000 individuals in the country.

Expanding the scope of the outcome by considering both the count of individuals
involved and the count of objects produced aims to strengthen the hypothesis regarding forced
labor. In the first scenario, this indicator gauges the likelihood of forced labor in a particular
country. S-LCA results indicate that Brazil and India have the highest risk, with a rating of 5 out
of 5 for Brazil and 3 out of 5 for India. Significantly, Brazil employed coerced work for
cultivating both cattle and rice. Moreover, concerning rice production, there is a very probable
correlation between the use of forced labor and the sourcing of manure for organic farming
[36].

In India, coerced labor is often employed for rice harvesting, typically resulting from
farmers being indebted to land, mills, and other property owners. To settle these obligations,
farmers may subject themselves to involuntary servitude. Iran and Thailand face significant
challenges related to forced labor, with Iran posing a very high danger and Thailand a medium
risk. The analysis considered the frequency of forced labor instances per 1000 people.

In Iran, forced labor primarily involves incarcerated individuals who have either
committed crimes or are unable to meet financial responsibilities due to adverse economic
conditions. These prisoners engage in labor in return for compensation, the opportunity to
secure release by paying a sum of money, or the possibility of parole. Therefore, there is a
moderate to high likelithood that rice consumed in countries like Brazil, India, Iran, and Thailand,
where essential worker rights are not fully respected, may have originated from these regions.

The analysis further examined the impact category "Fair wage," assessing whether the
average sector wage per month is sufficient for a decent standard of living. India and Sri Lanka
emerged as nations with the greatest risks of insufficient wages in the rice supply chain, especially
in the agricultural sector. A higher ratio between the subsistence wage and the minimum salary
suggests a greater probability of inadequate wages, contributing to poor living conditions. India
and Sri Lanka faced significant risks (rated 5 out of 5) in the energy sources/abiotic resources
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sector. In terms of "Working time," Bangladesh exhibited the highest likelihood of incorrect
working hours in rice farming compared to other supply chains, as measured by "Hours of work
per employee, per week." These findings highlight potential social concerns associated with rice
production, emphasizing the importance of fair wages, working conditions, and adherence to
international labor standards. Addressing these issues aligns with Sustainable Development
Goals related to poverty reduction, decent work, and economic growth [37].

The assessment of "Working time" indicates a moderate probability of encountering
inaccurate working hours in the agticultural sector (3/5), while the likelihood of this happening
in the industrial sector and in the energy, soutces utilized for tice production is quite high (5/5).
The evaluation is based on the foundation provided by ILO Conventions No. 1 and No. 47,
with Convention No. 47 establishing the standard working week as 40 hours. In certain nations,
like Bangladesh and India, working hours in manufacturing, mining, and energy generation
substantially exceed the standard of 48 hours per week, suggesting that rice agriculture in these
countries may lead to unpredictable working hours due to the reliance on fertilizers, pesticides,
and energy sources produced in sectors with excessive working hours.

The discrimination category, assessed through the gender wage gap, indicates that
Bangladesh, Senegal, and Sri Lanka are the countries most susceptible to encountering gender
discrepancies due to rice cultivation. Senegal and Sti Lanka face a significant risk (5/5) of wage
inequality, particularly in the agricultural and pesticide/fertilizer sectors. Addressing gender
inequality in agriculture is crucial for eradicating hunger, enhancing children's health and
education, and preparing for climate change, aligning with Sustainable Development Goals 5.1
and 5.5.

The "Health and safety" category is subdivided into two subcategories: "Workers
affected by natural disasters" and "Fatal accidents at workplaces." Thailand, Brazil, Japan, and
Italy are identified as countries where rice agriculture is most likely to result in fatal workplace
accidents. The drying of rice by the side of the road in Thailand exposes farmers to significant
hazards. Bangladesh, China, Sri Lanka, Iran, and India face a moderate to very high risk of
workers being impacted by natural disasters during rice field operations. Climate change
exacerbates these risks, potentially hindering progress toward SDGs 1.5, 3.9, 8.8, 11.5, 13.1, and
16.6.

Trade union density was considered, revealing a concerning situation where it was highly
probable (4/5) or extremely probable (5/5) that workers would be prohibited from establishing
unions in all countries analyzed, except China. This suggests a significant risk in the rice
industries of various countries if agricultural worker groups are not directly included in national
social dialogue institutions, potentially affecting the achievement of SDGs 8.8, 16.3, and 16.5.
The comprehensive analysis emphasizes the need for sustainable and socially responsible
practices in rice cultivation to align with global development goals.

Participants: Local Community:

The analysis of the industrial water usage category, which encompasses the production
of nitrogen fertilizers, pesticides, and other inputs used in rice production, indicates that, except
for Malaysia, Italy, and China, which had a moderate risk, industrial production has a very low
or low potential threat for all the countries examined. The potential impact of industrial water
usage on water resources is particularly relevant when considering the production of agricultural
inputs like fertilizers and pesticides. China's excessive usage of fertilizers, leading to nutrient
levels significantly higher than the global average, raises concerns about environmental
sustainability and the need for more responsible agricultural practices. The analysis also
highlights the importance of understanding the impact of industrial water usage on water stress
levels, especially in regions where continuous water pumping is necessary for rice cultivation.

The consideration of "International migrant workers in the sector as an impact category
reveals challenges in obtaining comprehensive and reliable data, undermining the reliability of
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this category. However, from the limited evidence provided, Italy and Spain appear to be the
most susceptible countries, with notable likelihoods of bias and conflict emerging in the
agricultural and industrial production sectors, particularly in rice cultivation and fertilizer
production. The migration of people from developing countries to more developed countries,
as observed in Spain and Italy, can be associated with unfavorable economic conditions and may
counterbalance a low to exceedingly low likelithood of violence and discrimination in certain
countries. This aspect emphasizes the complex social and economic dynamics involved in the
agricultural and industrial sectors, requiring careful consideration for sustainable and socially
responsible practices [38].

Key Discoveries:

The comprehensive analysis reveals that India consistently exhibits the highest level of
medium-high social risks associated with working conditions, particularly in the context of rice
agriculture, which poses the greatest social hazards. Following India, Sti Lanka, Thailand, and
Bangladesh are identified as countries with notable social risks related to rice production. India's
significant role in the global rice trade, being the foremost rice exporter and holding the second
position in terms of global rice production, highlights the potential widespread impact of social
issues associated with rice agriculture in the country. With a market share above 40%, India's
rice varieties, including basmati rice and others, are distributed to more than 150 countries
wotldwide [39].

The analysis underscores the importance of acknowledging the potential social
consequences associated with rice production, including child labor, forced labor, and other
issues. The distortion in the analysis due to the significant absence of data emphasizes the need
for more comprehensive and accurate information to assess the true social impact of rice
agriculture globally. Furthermore, the study suggests that stakeholders, politicians, and
individuals can potentially modify their behavior based on their perception of risk, even before
experiencing the actual risks associated with rice production. This highlights the role of
awareness and information in influencing decision-making and driving positive changes in
agricultural practices. The study concludes by emphasizing the imperative need for additional
research into the societal impacts of rice agriculture. It serves as a valuable starting point for
further investigations and discussions on promoting sustainable and socially responsible
practices in the global rice industry.

Conclusions, Limitations, and Recommendations for Future Research:

The 72 studies identified in the literature have been deemed suitable for this research,
providing valuable insights into the extent of Life Cycle Thinking adoption in the rice industry.
These studies highlight key methodological challenges and areas that need attention in the
application of LCA to rice production. The predominant use of mass units, specifically focusing
on one hectare of land and one tonne of product output, was noted in most studies. However,
the limited consideration of multiple functional units indicates a lack of recognition of the multi-
functionality in the rice sector. The authors recommend employing various operational entities
to emphasize agriculture's various roles, including environmental, social, cultural, and historical
aspects, to manage resources and engage with external factors effectively.

The diversity in methodological options, including different approaches, system
boundaries, and assumptions, was as expected. The cradle-to-farm-gate approach was
commonly used, considering various phases, inputs, farming methods, and output variances.
However, the variations in methodologies across studies make comparisons challenging. The
authors suggest future research should strive for closer alignment with prior studies to enhance
comparability and accuracy in assessing environmental impacts. The influence of soil and
temperature attributes on environmental consequences, particularly in water and fertilizer
management, was highlighted. The focus on water management by Italian writers and fertilizer
management by Asian writers reflects regional priorities. The study emphasizes the need for
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more comprehensive LCA investigations conducted by leading rice-producing countries and
suggests a research gap, especially considering the substantial environmental impacts of rice
cultivation.

The limited attention to uncertainty analysis and the proposal for increased sensitivity
analysis underscore its significance. The study identifies concerns around the environmental and
atmospheric impacts of agricultural practices, specifically related to chemical nitrogen fertilizers.
The authors recommend addressing the issue of decreasing reliance on fossil fuels in LCA
assessments, even amid global energy commodity crises. There's a research gap in organic rice
cultivation and the progress of organic agriculture, with few publications focusing on these
topics. Most sustainability assessments in agriculture have primarily focused on the
environmental dimension, with limited attention to economic and social factors. The study
advocates for a comprehensive three-pillar approach to sustainable development in rice
production, encompassing economic, social, and environmental considerations.

The introduction of a Social Life Cycle Analysis for the rice industry in specific nations
reveals the potential for moderate to significant social problems in Bangladesh, India, Sri Lanka,
and Thailand. Methodological deficiencies and uncertainties in data accuracy underscore the
need for further investigation. The study's conclusions and results provide a valuable basis for
additional research, emphasizing the importance of holistic assessments that consider
environmental, economic, and social sustainability in a fuller Life Cycle Thinking evaluation.
The authors recommend diverse functional units and a comprehensive approach to address the
multi-functionality of agriculture and rice cultivation.
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