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Abstract: Rice is the most widely used cereal for human consumption, attributing its production as
one of the most important activities for the global population. Therefore, given its economic and
nutritional value, assessing the sustainability of this production process could be worth noting. In this
regard, this research aims to investigate the most recent literature related to Life Cycle Assessment
(LCA) of rice primary production, to clarify the extent to which Life Cycle Thinking (LCT) and thus
the three pillars of sustainability have been applied in the rice sector, as well as to highlight possible
research gaps. Thus, 40 articles (2012–2022) were analyzed. The main research gaps that were found
were, firstly, that there was a lesser tendency to consider multiple functional units, highlighting
how little multifunctionality is considered. As to be expected, there was also a great difference in
methodological choices, which often leads to a great variability of results, making evaluations and
comparisons of impacts uncertain. These were also highly dependent on soil and climate conditions
in the various countries, which could in turn affect input utilization, and results. The study of the
impacts of primary rice production was then addressed by a few countries, among which some of the
largest producers were absent, while the least considered aspects were related to the depletion of
abiotic resources and the promotion of organic farming. Finally, sustainability assessments in rice
production had little focus on the socio-economic dimension, showing how little LCT is considered.
Therefore, based on this consideration, a Social Life Cycle Assessment was integrated into the study,
the results of which show that the countries with medium to high social impacts could be India, Sri
Lanka, Thailand, and Bangladesh.

Keywords: agricultural sustainability; life cycle thinking; life cycle assessment; life cycle costing;
social life cycle assessment

1. Introduction

Recently, the United Nations declared that the world population has reached 8 billion
and this figure will probably rise to 11 billion by 2100. Although this is a great achieve-
ment in terms of human development, this will also mean that food demand will probably
have to increase by approximately +40% [1] to feed a growing population, by hugely
exploiting natural resources. These pressures pose significant challenges to the agri-food
sector, which contributes 35% of anthropogenic greenhouse gas (GHGs) emissions each
year [2]. In this context, among plant-derived foods, cereals, which have been the main
source of macro-nutrients for humans and animals for centuries, account for about 18%
of emissions in the agri-food sector [3], and according to statistics from the Food and
Agriculture Organization (FAO), their production is expected to increase by +1.3% each
year until 2025 to meet the growing food demand [4]. Among the major cereals, along
with maize and wheat, rice (Oryza sativa L. spp.) is one of the mainstays of human nu-
trition, since around 50% of the population depends on its cultivation. Its importance
is evidenced by the fact that it is the second most produced and cultivated cereal in the
world (25% of global cereal production) [4], as well as the most widely used cereal for
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human consumption, making rice cultivation one of the most important drivers of devel-
opment for the economies, societies and cultural heritage of many countries. However,
as well as the majority of agricultural crops, rice farming is mainly based on intensive
cultivation techniques. Moreover, rice fields are also the main anthropogenic source of
methane (CH4) (25–100 million tons per year), which is responsible for 20% of global
warming [5,6]. These reasons make rice farming among the least sustainable activities in
the agri-food sector and the focus on reducing the impacts on its production is a priority,
also given the implementation of the Sustainable Development Goals (SDGs), in particular
SDGs 1, 2, 12, 13, and 15. In this regard, due to the importance of rice to the food and
economies of some countries and recognizing its relevance in promoting sustainability
in the agri-food sector, this study aims to investigate the most recent literature on the
application of Life Cycle Assessment (LCA) in the rice sector to assess sustainability issues
at the country level, the main hotspots, the main differences in methodology, and any
gaps in the research. Therefore, a literature review was conducted by selecting articles
between 2012 and the first half of 2022 (because the literature before 2012 was irrelevant),
in which an LCA was applied to study the impacts of only primary rice production (where
the final output is rice and therefore excluding other secondary processes, including waste
reuse for energy production, etc.). Forty articles were selected and thoroughly evaluated,
considering the definition of the objectives and aims, functional units, system boundaries,
life-cycle impact assessment (the main methodologies used and the most frequently used
impact categories, the latter group in three macro-areas: environment, human health, and
resources), interpretation, and whether the authors performed sensitivity analysis. For
each study, it was then checked whether the authors had accompanied the LCA with
Life Cycle Costing and Social LCA studies, in order to investigate to what extent the LCT
approach was applied to the rice sector. The assessment of agriculture from a socioeco-
nomic and environmental point of view could be particularly significant in a perspective
of agricultural multifunctionality, thus aiding global sustainable development. Literature
reviews on the application of LCA in the rice supply chain have been conducted to study
the mitigation aspects of rice straw burning [7], the use of biomass for construction [8],
the assessment of the energy potential of rice husk [9], and the production of bioethanol
from lignocellulosic biomass [10]. To the authors’ knowledge, a review on the applications
of LCA in the primary production of rice, which is present for the primary production of
wheat [11] and maize [12], is still missing. Hence, the aim of this study was to enrich the
currently available scientific literature related to the application of LCA in rice cultivation,
as well as to create a knowledge base on the subject, considering the existing research gap
related to the study of the sustainability of primary production in the rice sector. Thus, this
would complete the study related to the sustainability of the three major cereals. A study
on the sustainability of cereal production in different countries could be useful, especially
in view of the transition towards more sustainable food production systems, as agriculture
contributes to all four pillars of food security (availability, access, utilization, and stability)
and to the three dimensions of sustainability (environmental, social and economic).

2. Materials and Methods

To conduct the literature review, the first reference database used was Scopus, after
which the search was also completed on Google Scholar and Web of Science; these, however, re-
turned the same articles as those selected by Scopus. Two parallel searches were conducted,
in which the keywords “LCA AND Rice” (Search 1) and “Life Cycle Assessment AND
Rice” (Search 2) were included as a matter of completeness of results, and in both cases
considering “Title, Abstract, Keywords”. The inclusion and exclusion criteria are explained
in Figure 1.
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Figure 1. Stages of selecting articles for the literature review (* November 2022).

Only articles, conference papers, book chapters, reviews, and conference reviews
between 2012 and the first half of 2022 were considered, which reduced the search from
273 and 457 initial articles to 252 (Search 1) and 413 (Search 2) results. After that, only
previously published articles were considered (excluding a total of 8 articles in press, 4 for
Search 1 and 4 for Search 2), and articles in languages other than English were excluded
(7 articles in Chinese in Search 1; 20 articles, including 18 in Chinese, 1 in Spanish, and 1 in
Italian for Search 2). For all remaining articles, the abstracts were read and all articles that
did not deal with the primary rice production process were excluded (for example, energy
generation from biomass or rice straw, the use of waste for construction, biofuel production,
or anything else that did not relate to the topic of reference). The incorporation of rice
husk for improving the mechanical strength of calcium aluminate cement concrete [13] is
an example of the excluded articles. In the end, a total of 29 papers were selected from
Search 1, and 37 papers were selected from Search 2. However, since LCA and Life Cycle
Assessment are synonymous, 26 papers were common in both searches. In the end, the
26 common papers, plus 3 related only to Search 1 and 11 related only to Search 2 were
selected, for a total of 40 papers, which were read in full and analyzed.

3. Results and Discussions
3.1. Goal and Scope Definition

Among the 40 articles, 37 were related to LCA, while 3 were related to S-LCA; these
will be discussed in more detail in Section 3.6.

Regarding the first 37 articles, the results showed that the countries with the most
scientific production were China and Iran, with 9 and 8 articles respectively (Figure 2). This
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was followed by Thailand, Italy, and Bangladesh (3 items each), Brazil, Japan, India, and
Malaysia (2 items per country), and Senegal, Spain, and Sri Lanka (1 item per country).
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Figure 2. Distribution of scientific production on the applications of LCA in the rice sector.

Understanding the geographic distribution of studies could be important, as each
country has different agronomic techniques, depending mainly on growing seasons, wa-
ter availability, and various inputs used. Therefore, each author will define their own
goal based on the typical cultivation techniques of their target country. In addition, it
emerges that although the rice variety is often not specified, most studies focused on
assessing hotspots in a specific rice production process only, whether conventional, or-
ganic, or integrated. The results show that most studies considered conventional culti-
vation and intensive agronomic techniques, such as studies in China [14], Iran [15–20],
Japan [21], Bangladesh [22,23], Thailand [24,25], and Malaysia [26]. On the other hand, few
studies [27–33] dwelled on the comparison between conventional and organic production.
This shows that LCA in rice farming still fails to sufficiently capture the differences between
organic and conventional production, and thus the impacts and benefits of organic farming.
It should also be pointed out that studies on the Asian belt (China, Bangladesh, Malaysia,
Thailand, and Japan), whose countries can take advantage of favorable climatic conditions,
do not consider artificial water as an input, which therefore does not directly influence the
results. The main focus of these studies is often on fertilizer and pesticide management,
such as in the case of three studies [34–36] which consider rice and aquaculture, precisely
to reduce fertilizer loads. In contrast, water management practices are only compared
in two studies [37,38], and only one study [39] examines the difference between white
and parboiled brown rice. Therefore, the results show how geographical difference has
a particular influence on both the object of the study and the methodological framework.
The inventory data are calibrated according to the needs and requirements of the soil and
climate conditions of the reference country, thus influencing the final results differently.

Functional Unit

The most frequently used FUs were 1 ton of rice (17 studies), 1 ha of land (14 studies),
and 1 kg of rice (10 studies) (Table S1). Other authors used more than one FU, such as
1 RMB yuan and 1 Nutrition Density Unit (NDU) [36], 1 hectare and 1,000 RMB yuan [35],
1 hectare and 1 ton [14,15,40] or 1 ton and 1 yuan [41]. Other FUs were also chosen,
such as 1 kg of protein [39] or 6.8 tons of rice [42]. Thus, it can be seen that there is a
particular preference for studying the production of 1 ton of product and the cultivation
of 1 hectare of land, while less emphasis was given to other FUs such as nutritional or
economic ones. Although no concrete recommendations are typically given on how to
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define FUs, it would be desirable to identify them so that they are suitable to capture a
broad measure of the sustainability of agricultural production. One area of research that
could be interesting in applying LCA in the rice sector, and in agriculture more generally,
should be the use of multiple FUs instead, as this would better capture the meaning of
agricultural multifunctionality. For example, using 1 kg or 1 ton as FU and contextually
1 hectare [37] could give an idea of the environmental impacts corresponding to both the
primary function of pro-duction and land use, just as using a profit unit [35] or a nutritional
unit [36] could indicate its financial and food function. Impacts should be calculated based
on FUs that can reflect the services provided by the system since agricultural ones are
multifunctional systems. This review shows that multifunctionality is rarely considered
in LCA studies, which could pose a methodological challenge. Therefore, to complete the
assessment studies should, when possible, consider other functions to study agricultural
multifunctionality through the quantification of additional externalities.

3.2. System Boundaries

There is a particular preference for “cradle-to-farm” production (Table S2). Further-
more, it is not uncommon for authors to not clearly specify whether they consider the
production process of the inputs or only their use, but often speak generically. Nevertheless,
there is a generic heterogeneity in defining both the stages and the inputs involved and their
production processes, with significant discordance among authors. Sometimes the pro-
cesses involved in the production of various inputs such as seed production, pesticides, and
fertilizers are included [14,29], while other authors do not consider seed production [35].
In general, mainly due to the limited availability of data and dwelling on the stages of the
production process, there is a widespread tendency in LCA studies of rice production to
consider the period from cradle to gate as reference boundaries. However, what is changing
is that sometimes the production processes of machinery [27,28,31,38] and storage ware-
houses [17,38], transportation to the farm [36], rice milling [39], or even packaging [30,39]
and distribution [37] are considered, effectively making the studies non-comparable with
each other, as they include inputs such as machinery and packaging that could influence the
results. Therefore, it emerges that although there is agreement on the choice of boundaries
and most studies stop their analysis at paddy harvesting, there is also a certain share of
authors investigating other additional production processes, as well as including other
inputs involved (such as machinery) while not always clarifying the criteria for input
confinement. In addition, because each author considers different steps and inputs (in
turn considering entire production processes or use) or because of a lack of clarity on
the part of the authors, it may sometimes be difficult to compare results, with the risk of
overestimating or underestimating them and making them effectively non-comparable.

3.3. Life Cycle Impact Assessment (LCIA)

For LCIA, the most widely used methodology is ReCiPe 2016 MidPoint (Figure 3) (32%
of papers considered). Arguably, considering its 18 impact categories and 3 harm categories,
this might be more inclusive than other calculation methodologies, such as ILCD 2011
Midpoint+ (which has 16), IMPACT 2002+ (which has 15), and CML-IA baseline (which
has 11), of which ReCiPe seems to be a more recent update [43]. The preference for LCIA
calculation methods could therefore depend on the type of study, its objective, the impacts
to be researched, the relevance and appropriateness to the individual country situation, or
even the nationality of the authors and the accuracy of the results.

Often a mix of methods is used (Ecopoints, Cumulative Energy Demand, and IPCC) [17],
but in general, the use of different methods could introduce an uncertainty factor for both
the interpretation and comparability of the results of LCA studies. The impact categories
most considered by the authors varied according to the method they used; based on that,
they turned out to be more or less specific, and were sometimes named differently, even
though they expressed the same concept. Therefore, wherever possible for this study the
names of the impact categories were standardized and expressed based on a common name
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(Figure 4). Impact categories were expressed according to their numerosity, understood
as the number of times they were used in the analyzed literature, i.e., the number of
authors using them. Overall, among the 37 studies, 31 impact categories were used, which
for greater understanding were divided into three macro-areas: Environmental, Human
Health, and Resources.
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3.3.1. Environmental

The results of the review showed that the two most considered categories were Global
Warming Potential (GWP) (N = 32) and Terrestrial Acidification (TA) (N = 27), followed
by Freshwater Ecotoxicity (FE) (N = 16), Eutrophication Potential (EP) (N = 15), and Water
Consumption (WC) (N=13). The high consideration of GWP reflects the commitment
of rice producers to seek solutions to limit methanogenesis and field emissions, such as
using more environmentally friendly agronomic techniques. TA, on the other hand, is
another of the main direct effects of agricultural activities. The volatilization of fertilizers
causes the formation of ammonia (NH3), which triggers processes of soil acidification [44]
and the reduction of soil fertility; this could further widen the gap between food supply
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and demand, contributing to increased food insecurity. Therefore, it is most likely for
these reasons that researchers were particularly focused on keeping acidification processes
under control. The other three most studied impact categories were freshwater ecotoxicity,
eutrophication potential, and water consumption. The former is particularly considered
because it is one of the direct impacts mainly attributed to the use of pesticides and the
release of heavy metals into the water [45,46]. These can pass to aquatic fauna and be
consumed by humans, as well as spread to drinking water sources and soils through
irrigation, thus affecting food security. Therefore, controlling toxic impacts improves
both food safety and human health. The study of eutrophication, on the other hand,
reflects the researchers’ interest in studying the effects of nitrogen- or phosphorous-based
fertilizers used in agriculture. These end up in water and cause algae to proliferate and
make aquatic life inhospitable, and, once decomposed, take oxygen away from the water,
killing or displacing fauna. Thus, the impact categories mentioned so far reflect a dual
concern, which spills over not only into the protection of ecosystem quality but also into
food security. Finally, the results show how land-use categories are poorly considered
(16 total im-pacts), even though rice accounts for 11% of cultivated land globally [47]. This
highlights that land-use concern does not seem to emerge in studies related to rice farming,
even though growing concerns about natural habitat loss and land subtraction emphasize
the importance of producing more rice on existing land, optimizing energy, water, and
another input efficiency [48].

3.3.2. Human Health

The most considered impact category was human toxicity (HT) (N = 23), which was
then followed by the effects on ozone, such as its depletion (SOD) (N = 14) and formation
(OFHH) (N = 4), as well as particulate matter formation (FPMF) (N = 7) and ionizing
radiation (IR) (N = 5). In general, there was special attention paid to human toxicity,
which is caused by the emission of certain substances such as heavy metals present within
insecticides, and this, therefore, testifies to the efforts in keeping these inputs under control.
Regarding SOD, i.e., the conversion of ozone (O3) to oxygen (O2) in the stratosphere, in the
rice sector it is most likely due to N2O emissions caused by the use of nitrogen fertilizers or
methyl bromide used for pest control (the latter phased out after the Montreal Protocol,
although decades will be needed before it disappears totally from the atmosphere). Thus,
again, the choice of this impact category reflects the author’s commitment to fertilizer
management. In contrast, excessive ozone formation in the atmosphere is mainly caused
by the burning of fossil fuels and can have negative impacts on human health (respiratory
problems) and on terrestrial ecosystems (reduction of plant biomass). Regarding FPMF,
sources of air pollution may be related to a wide range of field operations, including farm
machinery exhausts, combustion plants, agricultural processing, as well as pesticides [49].
The numerosity of this category implies a possible increase in sustainability awareness
aimed at achieving soil and water conservation. The study related to ionizing radiation
could imply a focus on the impacts of energy sources, as they come from a wide range of
fields such as nuclear power generation, with results varying according to each country’s
energy mix. However, the choice to select one or another impact category should not
necessarily depend on a commitment to a particular issue, but rather because multiple
authors have chosen a particular methodology that includes that category and thus returns
certain results. Therefore, the numerosity of an impact category could be attributable
simply to the fact that that method includes that category and has been used multiple
times. Therefore, it can be seen that the main concern was mainly related to the impacts
of chemical nitrogen fertilizers (including direct emissions and those caused by their
production), whose effects cover most of the impact categories, as well as direct CH4
emissions due to methanogenesis, and impacts related to the mechanization phase (diesel
production and consumption) and electricity management.
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3.3.3. Resources

Regarding the resources macro area, the most studied impact categories were Fossil
Resource Scarcity (FRS) (N = 13), Metal Depletion (MD) (N = 9), and Abiotic Depletion
(AD) (N = 4), while the least considered was Mineral Resource Scarcity (N = 2). However, it
should be noted that although named differently, these categories express more or less the
same concept. For example, AD could be decomposed into FRS + MRS, just as MD is a less
generic category than MRS. The literature review showed that the study of environmental
impacts on abiotic resources appears to be the least considered area of research, showing
little interest on the part of authors in avoiding their depletion. This is due to both a lower
number of such categories within the methodologies, and also to less choice on the part of
the authors. In general, it seems that the quantification of abiotic resource depletion in LCA
is not well understood, and it seems that current LCA models do not recognize AD as a
potential problem, as it is addressed rather marginally. However, given the recent energy
crisis related to the Russia-Ukraine conflict, resource scarcity is becoming more and more
imminent. In addition, the depletion of abiotic resources could cause non-negligible effects
that actually should be investigated more thoroughly, such as the rising costs of energy,
raw materials, and semi-finished products. Agriculture represents one of the sectors where
these increases could have immediate effects, starting from fuel cost increases to fertilizer
and pesticide costs, thus generating a loop of adverse environmental impacts that affect
ecosystems and the economy.

3.4. Interpretation

The literature studies came from different countries and continents (Asia, Europe,
Africa, and South America) and it was therefore possible to extrapolate the results for
comparison. The reference value chosen from most of the studies was the GWP, expressed
in kg CO2 eq (Table S3). However, as the various studies sometimes had different FUs, the
various GWPs were all expressed in terms of 1 ton of product to make them comparable.
When the FU was 1 kg, the GWP obtained was multiplied by 1000, while when the FU
was 1 hectare, the yield per country was calculated [50] and the results were expressed
accordingly. In the case of the study by Nunes et al. (2017) [39], where the FU is equal to
1 kg of protein, the GWP was calculated based on the protein contained in 1 kg of rice and
then multiplied by 1000. Three studies [20,42,51] were excluded because their results were
expressed as a percentage. For 1 ton of rice, in Iran, the GWP is about 298 kg CO2 eq [16], in
Brazil 482 kg CO2 eq [37], in Italy 1301 kg CO2 eq [38] and in Malaysia 1390 kg CO2 eq [26].
It can be seen that Malaysia and Italy, although they have different cultivation techniques,
have almost equal results. In this case, Italy’s production system is irrigated and therefore
includes impacts related to electricity to run the pumps [38], while Malaysia relies almost
exclusively on rainfall during the monsoon season [31] as well as its dense network of
canals. Similar results are therefore most likely attributable to the increased use of fertilizers
and pesticides in Malaysia, due to the need to increase yields to feed a population that relies
almost exclusively on rice for its staple diet. Countries such as China and Japan, on the
other hand, being water-rich as they receive abundant annual rainfall, also have sufficient
water sources to meet the water requirements for rice cultivation. Therefore, the effects
related to water pumping are not considered and the high impacts of their production
(reaching a maximum of 3000 kg CO2 × 1 ton for China and 2160 kg CO2 eq for Japan)
could be mainly related to the extensive use of fertilizers, as well as the divergent results
due to the different boundaries and inputs considered within them. The environmental
incompatibility of rice production, therefore, could diverge mainly due to the soil and
climate conditions in the various countries, which then condition the choice of inputs. In
Italy, for example, the impacts were conditioned above all by the excessive use of water,
which causes direct impacts linked to methanogenesis and indirect impacts linked to the
production process of the electricity mixture for its pumping. The Italian soil and climate
conditions do not favor a type of cultivation comparable to those in Asia, where annual
rainfall ensures a sufficient water supply, but instead require a continuous artificial water
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supply. In Asian countries, on the other hand, the greatest impacts were linked to the use
of fertilizers and pesticides, the use of which has increased dramatically over the years
thanks to their low cost and policies that favor their use. Fertilizers and pesticides are
more or less commonly used for rice production in all countries, but in Europe, there is
the Council Directive 91/676/EEC [52] that regulates them and establishes the maximum
nitrogen loads allowed per hectare. However, different results are also influenced by other
factors, such as different system boundaries, different phases, different input quantities,
and different methodological structures (as each author examines specific techniques and
each result must be contextualized according to the specific methodology and technique
used). This may make the studies difficult to compare.

Sensitivity Analysis (SA)

SA was performed with different assumptions than those used in the primary analysis,
to check the sensitivity of the study results if different assumptions were used and thus
how they change when the assumptions of a model are changed [53]. Among the 40 studies
analyzed, 10 authors [14,24,27,28,31,37–39,54,55] (i.e., 25%) performed a sensitivity analysis.
This may be due to the fact that since it is not regulated by ISO it is an optional step, up to
the willingness of the authors, who more or less create alternative scenarios to demonstrate
possible examples of improvement. However, because SA measures how varying inventory
data can affect results, it could be particularly useful in improving model prediction by
qualitatively and quantitatively studying the response of the study as the input variables
change. Moreover, while interpretation is voluntary, it remains a key step in LCA because,
in addition to ensuring the reliability and robustness of the study, the transition to a
more sustainable and circular economy model requires different hotspot improvement and
management options, which can be examined precisely through an SA.

3.5. Life Cycle Costing

The second pillar of life cycle thinking is life cycle costing (LCC), which is defined
by ISO 15686-5 as an “economic evaluation that considers all expected and agreed upon
high and relevant cost streams throughout analysis expressed in monetary value” [56].
This procedure reveals the real costs of the output before it is produced. Among the
studies analyzed, between 2012 and 2022, five authors [25,35,36,41,57] (i.e., 12%) accom-
pany the LCA study with an economic evaluation. Notably, Chen et al. (2021) [35] and
Escobar et al. (2017) [57] perform an average comprehensive LCC, while the other three
authors perform a more generic cost-benefit analysis. Thus, the literature review results
show a widespread tendency among authors not to consider the economic aspect in LCA
studies. This tendency also confirms what happens more generally in LCA studies related
to agri-food products: most likely due to difficulties on the part of the authors in adapting
the LCC to the processes involved [58], although often the economic data of the inputs are
known and easily calculable, therefore being less difficult to identify. Thus, there emerges
a lack of consideration of the economic sustainability dimension in the rice sector, which
appears to be not yet adequately studied, and this may also limit the use and application of
additional analytical tools such as, for example, the Eco-Care Matrix [59].

3.6. Social Life Cycle Assessment

S-LCA is the third part of sustainability analysis, and it is used to assess the positive
and negative socio-economic performance of different stakeholders along the product life
cycle [60]. The literature review showed that there were only three studies investigating the
social aspects of rice farming in 2012-2022, one in China [61] and two in Thailand [62,63].
Among these papers, only the study by Phantha et al. (2021) [63] considered the social
sustainability of the rice production process, while the other two conducted comparative
studies among multiple crops. Since there is still no reference standard for S-LCA nor a
standardized method for S-LCIA, but only generic guidelines (ISO/AWI standard 14075 is
under development), each author studied the social impacts based on different method-
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ological frameworks, such as the calculation of semi-qualitative social indicators [61,63] or
the calculation of normalized percentages [62]. Moreover, the first S-LCA study in the rice
sector was carried out in 2019, 10 years after the release of the first UNEP guidelines. There-
fore, even in the case of rice production, despite its potential, S-LCA is the least used. This
is partly due to the lesser consideration of social sustainability in the agri-food sector [58],
but also due to methodological issues, such as the lack of valid data and databases [64],
the difficulty in defining system boundaries, cut-off criteria, and functional units [65,66],
as well as the lack of shared criteria for the selection of stakeholders, indicators and sub-
indicators [67]. However, the study of the social dimension in the rice sector could be
important to provide a perspective on the multifunctionality of agriculture, based on the
fact that it must not only satisfy food needs but also play a role in the development of the
economy and society. This would mean going beyond the agricultural sphere, widening our
gaze to the enhancement of the rice lands, the communities living there and their traditions,
an interconnected system seen as an environmental, cultural, and human heritage. Hence,
based on these considerations, an attempt was made to provide an initial general overview
of the potential risks that rice farming could generate in various countries, considering
the 12 countries found in the literature (Bangladesh, Brazil, China, India, Iran, Italy, Japan,
Malaysia, Senegal, Spain, Sri Lanka, and Thailand). For the development of the analysis, the
Product Social Impact Life Cycle Assessment (v3) (PSILCA) guidelines were followed [68],
a professional database based on the UNEP framework, consisting of 87 indicators mea-
suring social aspects in different stakeholder categories. For each indicator, the impacts
were divided into social risk scales, ranging from no risk, very low, low, medium, high, and
very high. A set of relevant indicators and impact sub-categories were therefore selected.
Specifically, 2 stakeholder types (workers and local community) and 9 categories (Child
Labor, Forced Labor, Fair Wages, Working Hours, Workers’ Rights, Discrimination, Health
and Safety, Access to Material Resources, and Migration) were selected. In turn, the 9
categories were defined by 12 sub-categories, each defined by an indicator, as shown in
Table 1. Indicators were selected based on data available within the database and in relation
to the relevance between the rice sector and the various impact categories. Considering
that there is still no reference standard for S-LCA and acknowledging the existence of only
two databases (PSILCA and SHDB), some considerations need to be made. The first is that
in most cases, PSILCA provides data at an aggregate level, a national level, or by sector. For
example, for the impact category ‘Child Labor’, data were mostly available by geographic
macro-area, such as Northern Europe, Southern Europe, etc., and not always by country;
therefore, it is necessary to make broad statements. Otherwise, for example in the case of
‘Frequency of forced labor’, data were only available by country and not by individual
sector, while in the case of ‘Hours of work per employee, per week’, only aggregated data
were available for agriculture and animal husbandry, manufacturing, energy, etc. This
includes the rice sector but is not specific to that sector. Therefore, risks were assessed
according to the possibility that for example, rice production occurs according to a certain
behavioral pattern typical of its sector. This is because if the information on social effects
is not available at the product level, social effects cannot be attributed with certainty, and
therefore risks are considered.
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Table 1. S-LCA results for rice production in the countries considered. BAN = Bangladesh; BRA = Brazil; CHI = China; IN = India; IRAN = Iran; ITA = Italy; JAP = Japan;
MAL = Malaysia; SEN = Senegal; ES = Spain; THA = Thailand; SRI = Sri Lanka. (Sectors: A = Agriculture, I = Industry, ES = Energy sources, ABR = Abiotic Resource).

CATEGORIES SUBCATEGORIES SECTORS
COUNTRIES

SOURCE
BAN BRA CHI IN IRAN ITA JAP MAL SEN ES THA SRI

W
or

ke
rs

Child Labor % of children in employment ages 1–17 - 7% 1% 8% 20% 3% 1% 3% 3% 21% 1% 1% 0.4% [69]

Forced
Labor

Number of goods produced by forced labor - 2 2 1 1 1 0 0 0 0 0 0 0 [70]

Cases × 1000 inhabitants in the country - 3.7 1.79 2.77 6.1 16.2 2.43 0.29 6.91 2.87 2.27 8.8 2.12 [71]

Fair
salary

Minimum wage, per month ($ and score)
$11 $192 $316 $125 n.a. n.a. n.a. $270 $65 $1000 $250 $34

[72]

- 4.67 1.28 1.41 0.6 n.a. n.a. n.a. 1.21 1.64 0.86 1.59 1.87

Sector average wage, per month (score)

A 6.52 1.28 n.a. 0.8 n.a. n.a. n.a. n.a. 2.24 1.6 1.18 1.14

I 9.58 2.35 n.a. 1.27 n.a. n.a. n.a. n.a. 1.98 2.99 2.85 1.31

ES+
ABR 14.6 3.3 n.a. 1.3 n.a. n.a. n.a. n.a. 2.7 n.a. 4.2 0.8

Working
time Hours of work per employee, per week

A 38 38 39 45 41 41 35 40 29 41 34 n.a.

[69]

I 55 39 48 54 45 38 39 45 43 38 45 n.a.

AS 49 43 43 57 47 38 39 44 n.a. n.a. 39 n.a.

ABR n.a. 41 46 54 48 38 42 46 48 39 45 n.a.

Discrimination Gender wage gap (%)

A 8% 4% n.a. 51% n.a. 26% n.a. n.a. 33% 5% n.a. 38%

I 18% 1% n.a. 32% n.a. 25% n.a. n.a. 35% 5% n.a. 38%

ES 10% 10% n.a. 31% n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

ABR n.a. 10% n.a. n.a. n.a. n.a. n.a. n.a. 20% n.a. n.a. 9%

Health and
Safety

Fatal accidents at the workplace (Cases
per 100,000 employees in the sector)

A n.a. 12 n.a. n.a. n.a. 11.3 11.1 6.7 n.a. 8.4 46.8 0.1

I n.a. 8.5 n.a. n.a. n.a. 2.3 1.2 3.3 n.a. 3.2 3 0.9

ES n.a. 27.2 n.a. n.a. n.a. 6.2 n.a. 1.9 n.a. n.a. 15.2 14

ABR n.a. 21.2 n.a. n.a. n.a. 22.4 40 n.a. n.a. 18.6 7.3 10.4

Workers affected by natural disasters (%) - 4% 0.8% 4% 6% 18% 0.03% 0.3% 0.7% 0.2% 0.01% 4% 3% [73]

Workers
Right Trade union density (%) - 12% 13% 44% 20% n.a. 33% 17% 9% 7% 13% 3% 10% [69]
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Table 1. Cont.

CATEGORIES SUBCATEGORIES SECTORS
COUNTRIES

SOURCE
BAN BRA CHI IN IRAN ITA JAP MAL SEN ES THA SRI

Lo
ca

lc
om

m
un

it
y Access to

material
resources

Level of industrial
water use (%) - 2.5% 14.0% 22.3% 2.2% 1.1% 22.5% 13.8% 29% 0.1% 19.4% 4.9% 6.4%

[74]
Lever of agriculture

water use (%) - 87% 61% 64.4% 90% 92% 49.7% 67.7% 45% 91% 65.3% 90% 87%

Migration International migrant workers in the
sector (%)

A 0.13% 0.15% n.a. n.a. n.a. 21.6% n.a. n.a. 0.9% 0.53% 1.21% n.a.
[69]

I 0.05% 0.55% n.a. n.a. n.a. 15.2% n.a. n.a. 0.9% 14.5% 6.66% n.a.
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Indeed, it is not possible to know with certainty the social impact of the production
of a specific good or service, but (at least for policy purposes), it is sufficient to know the
probability with which a product is associated with an externality. From an analytical
point of view, the use of the notion of risk has the advantage that risks thus conceived can
easily be used as explanatory factors in policy analysis. Thus, social risks may undermine
growth prospects or jeopardize other key policy objectives, so that perceived risks (rather
than actual risk realizations) prompt actors to change their behavior [75]. Therefore, the
risks defined by a social impact assessment, as also explained by the UNEP guidelines,
are potential and not probable risks (which does not mean that they must necessarily
occur), as well as the result of interpretations [67]. Finally, data for each indicator were
not always available for all countries, so data quality is not always the best. Therefore,
based on these considerations, an analysis of the various indicators was carried out for each
country. Where possible, the main inputs that contribute to rice production were grouped
into macro-areas, following the available data. In particular, ‘Agriculture’ (which includes
livestock and animal husbandry, thus including seeds and organic fertilizers), ‘Industry’
(i.e., manufacturing, where chemical fertilizers, pesticides, and plastics are included), and
‘Energy sources and abiotic resources’ (i.e., mining and quarrying; electricity, gas, and water
supply, where diesel, electricity and water are included). For the indicators ‘Hours of work
per employee’, due to a greater disaggregation of data, energy sources and abiotic resources
are broken down, with electricity falling under ‘electricity (gas, steam, and air conditioning
supply)’ and diesel under ‘mining and quarrying’. Finally, in the category ‘International
migrant workers in the sector’, data are only more generally expressed in ‘agriculture’ and
‘industry’. Sometimes, it was not possible to average the data between the various sectors.
As these are separate sectors, there would have been a risk of over- or underestimating
the results, so it was decided to analyze each sector individually. At this point, for each
indicator at the local level, the results were normalized following the PSILCA guidelines,
considering the five risk scales defined by the database: very low risk, low risk, medium
risk, high risk, and very high risk. For example, in the case of ‘Number of children in
employment’ expressed in %, the values can be in the ranges 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), as well as no data [68]. So, if a value should be 3%, then it falls
within the low-risk band, and so on for each indicator, for each country. Subsequently, each
risk was given a numerical score from 1 to 5. Specifically: very low risk = 1; low risk = 2,
medium risk = 3; high risk = 4, very high risk = 5. The final results of the evaluation were
expressed in the form of a score, compared, and expressed graphically.

3.6.1. Stakeholders: Workers

The first impact category considered was ‘Child labor’, measured by the % of children
workers aged between 5 and 17 in that sector [69]. In the agricultural sector, child labor is
often linked to the performance of strenuous and dangerous tasks, which can lead to high
rates of fatal and non-fatal accidents, as well as occupational diseases. Children are often
forced to drive heavy agricultural machinery, use toxic pesticides, and perform dangerous
activities with dynamite, exposing themselves; in the most extreme cases, even to the risk
of severe amputations [76]. From the S-LCA results, the countries where there could be
a significant risk in rice production were Senegal and India, with a score of 5/5 for both
(very high risk), followed by Japan, China, and Bangladesh, with a score of 3/5 (medium
risk) (Figure 5). In other countries, however, the risk was low or very low. This impact
category is also accompanied by assessments of ‘forced labor’, expressed according to
goods produced by forced labor (Number of goods in the sector) [70] (Figure 6A) and
frequency of forced labor (Cases per 1000 inhabitants in the country) [71] (Figure 6B). The
selection of two sub-categories is motivated by the fact that we wanted to strengthen the
hypothesis concerning forced labor, by expanding the result to also consider the number of
people involved and not only the number of goods.
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Figure 6. Risk of forced labor in rice production in that country [70,71]. (A) expressed according
to goods produced by forced labor (Number of goods in the sector). (B) expressed according to
frequency of forced labor (Cases per 1000 inhabitants in the country).

In the first case, this indicator expresses the risk of forced labor in that country, and
S-LCA shows that Brazil and India were the countries with the most significant risk, with a
very high risk (5/5) and a medium risk (3/5) respectively (Figure 6A). Notably, in Brazil,
both rice and livestock were produced with forced labor [70], and in the latter case, this
could induce a very high potential risk that manure for organic production [39] is also from
forced labor.
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In India, rice is also produced with forced labor, and in most cases, such situations
occur because of debts owed by farmers to the owners of land, mills, etc.; debts that in order
to be repaid lead to a form of forced slavery to the owner himself [77]. Concerning the
frequency of forced labor, an indicator expressed in cases × 1000 inhabitants, it emerges that
the countries most involved in this phenomenon were Iran (very high risk) and Thailand
(medium risk) (Figure 6B). In the case of Iran, forced labor mainly involves prisoners
who have failed to pay their financial debts or have committed crimes due to sub-optimal
economic conditions, and who are therefore forced into forced labor to pay bail, to settle
their debts, or under the promise of leave and parole. Therefore, overall, regarding this
impact category, there is a medium to high risk that the rice that ends up on our tables
may come from contexts where basic labor rights are not respected, as in the case of Brazil,
India, Iran and Thailand. The results of these first categories, therefore, show how rice
production in these countries may not be sustainable from a social point of view; indeed,
going in the opposite direction of the path towards the Sustainable Development Goals,
especially SDG 8.7 and 16.2 regarding child labor, and SDG 5.2 and 8.7 regarding forced
labor. Next, for the impact category ‘Fair wage’, the ‘Sector average wage per month’ was
analyzed, which expresses the risk that wages are too low to allow for a decent living [72].
In this case, wages in the agricultural sector (which according to a broader definition of the
term also includes animal husbandry), in the manufacturing sector (which also includes
industries and enterprises) and in the energy and abiotic resources sector (including mining
and quarrying, electricity, gas, and water supply) were considered for each country. In this
impact category, data were available for all countries, with the exception of China, Iran,
Italy, Japan and Malaysia, which were therefore not considered. The results of the analysis
(Figure 7) show that in general, India and Sri Lanka were the countries where there are the
greatest risks that the rice supply chain may lead to wages too low to enable a decent living.
Specifically for the agricultural sector, India showed a very high risk (5 out of 5), and Brazil,
Thailand and Sri Lanka a high risk (4 out of 5) (Figure 7A). Risk levels were defined with
respect to the country’s subsistence wage by calculating the ratio of the subsistence wage
to the minimum wage (for countries not shown in the Figure, data on their minimum wage
or subsistence wage are not available).
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Figure 7. Risk that the minimum wage is too low to permit a dignified life [72].

In essence, the higher the ratio, the higher the risk of the minimum wage being too
low, i.e., the living wage exceeding the minimum wage. Furthermore, the crude value of
the minimum wage is considered on the basis of the assumption that a very low minimum
wage aggravates living conditions in general (e.g., for the purchase of foreign products).
With regard to fertilizers (Figure 7B) and energy sources/abiotic resources (Figure 7C),
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again India and Sri Lanka were the two countries in which there was a very high risk (5/5)
that these may be produced by workers who are paid too little to allow them a decent
living. Overall, therefore, with regard to this impact category, India and Sri Lanka were the
countries where rice farming could induce the highest social risks. A decent living wage
could make a decent living possible, and thus could affect key SDGs such as SDG 1.2, 8.5,
10.2, and then cascade to SDG 2, 3, and 5, especially in countries for which rice farming
is an important source of income such as India. On the other hand, with regard to the
‘Working time’ impact category, expressed through the ‘Hours of work per employee, per
week’ [69], it emerged that in relation to the four supply chains considered (Agriculture,
Industry, Energy sources, Abiotic resources), Bangladesh was the country with the highest
potential for improper working hour risks in rice farming (Table 2). In addition, for the
agricultural sector, there is a medium risk of improper working hours occurring (3/5),
while for both the industrial sector (pesticides, fertilizers, etc.) and the energy sources used
for rice production, the risk could potentially be very high (5/5 in both cases). The risk
assessment of this indicator is based on ILO Convention No. 1 and No. 47. The former
limits working hours to 8 h per day and 48 h per week, while Convention No. 47 defines
the standard working week as 40 h but is only ratified by 15 countries.

Table 2. Working hours: Risk of improper working hours (score 1 = very low risk, 5 = very high risk,
n.a. = not available) [69].

BAN BRA CHI IN IRAN ITA JAP MAL SEN ES THAI SRI

Agriculture 3 3 3 2 2 2 3 2 4 2 3 n.a.

Industry 5 2 2 3 2 3 3 2 2 3 2 n.a.

Energy sources 5 2 2 4 2 3 3 2 n.a. 3 3 n.a.

Abiotic resources 5 2 2 3 2 3 2 2 2 3 2 n.a.

Therefore, both conventions have been taken into consideration. The higher the
number of working hours per week, the higher the level of risk for the sector. In addition,
even a very low number of working hours is considered improper, as they do not allow
the employee to realize his or her professional goals or maintain sufficient professional
social relations. In some countries such as Bangladesh and India, working hours in some
sectors far exceed the average of 48 h per week, as in the case of manufacturing (55 h per
week in Bangladesh and 54 in India) or mining and energy production (57 h per week in
India). Thus, since fertilizers and pesticides, as well as energy sources, could come from
sectors where there is an overabundance of hours in these countries, there could be a high
risk that rice farming generates improper working hours, especially in Bangladesh and
India. However, this risk could also potentially be medium in Italy and Spain (medium
risk for manufacturing, energy, and diesel in both countries). Therefore, with regard to this
impact category, there could be a medium to high risk that in countries such as Bangladesh,
India, Spain, and Italy, rice cultivation could disadvantage the pathway towards SDGs 5.4,
8.8, 10.4, and 16.6. Next, the discrimination category was analyzed, expressed through
the gender gap [69], i.e., the difference between women’s and men’s average earnings.
These results are expressed in Table 3. In this case, the results are heavily influenced by
the absence of data for some sectors and countries. However, from the available data, it
is possible to understand that Sri Lanka, Senegal, and Bangladesh were the countries that
could be most affected and for which there could be a risk of a gender gap. In particular,
Sri Lanka and Senegal could potentially show a very high risk (5/5) that rice farming will
induce an inequality of pay, especially due to differences in the agricultural sector and the
sector related to fertilizers, pesticides, etc. The contribution of women to the agricultural
economy is crucial, but progress is hampered by the serious inequalities in terms of access
to resources and services that still characterize this sector.
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Table 3. Discrimination: risk of inequal wage (score 1 = very low risk, 5 = very high risk,
n.a. = not available) [69].

BAN BRA CHI IN IRAN ITA JAP MAL SEN ES THAI SRI

Agriculture 2 1 n.a. 5 n.a. 4 5 1 5 2 n.a. 5

Manufacturing 3 1 n.a. n.a. n.a. n.a. n.a. n.a. 5 4 n.a. 5

Energy sources 2 1 n.a. n.a. n.a. n.a. n.a. n.a. 4 n.a. n.a. n.a.

Abiotic resources n.a. 3 n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a. n.a.

Ensuring gender equality in agriculture is a priority and could lead to huge benefits
in hunger eradication, children’s health, education, and climate change adaptation, as
also emphasized by the FAO [78]. Again, for these countries, rice farming could therefore
induce a slowdown toward SDGs 5.1, 5.5. but also 10.2. With regard to the health and safety
category, it was expressed by two sub-categories: ‘Fatal accidents at workplaces’, measured
by the number of fatal accidents that occurred in a given sector [69], and ‘Workers affected
by natural disasters’, measured by the percentage of the population that lost their lives
at work due to natural disasters [73]. The first subcategory expresses the potential risk
of workers suffering fatal accidents. As with the Gender Wage Gap, this category is also
characterized by the absence of data for many countries, and those available show that the
countries in which rice farming could have a high risk of inducing fatal accidents at work
were Thailand, Brazil, Japan, and Italy (Table 4).

Table 4. Health and safety: risk for workers to be affected by fatal accidents (in cells the score,
1 = very low risk, 5 = very high risk, n.a. = not available) [69].

BAN BRA CHI IN IRAN ITA JAP MAL SEN ES THA SRI

Agriculture n.a. 2 n.a. n.a. n.a. 2 2 1 n.a. 1 5 1

Industry n.a. 1 n.a. n.a. n.a. 1 1 1 n.a. 1 1 1

Energy n.a. 3 n.a. n.a. n.a. 2 n.a. 1 n.a. 1 3 1

Diesel n.a. 3 n.a. n.a. n.a. 3 5 n.a. n.a. 3 1 2

In the case of Thailand, there was a very high risk of fatal accidents occurring in the
rice sector (5/5), but also a medium risk (3/5) in the energy sector due to the electricity
used. In this regard, it is useful to mention how in Thailand there is a habit of drying rice
by the roadside, thus exposing farmers to a high risk of fatal accidents. Brazil, Italy and
Japan, on the other hand, showed a medium risk in the energy sector, which could lead
to the risk that rice is produced with inputs that could foresee fatal accidents for people.
Concerning ‘Workers affected by natural disasters’, it emerged that Sri Lanka, Iran, India,
China, and Bangladesh were the countries most potentially subject to natural disasters,
with a medium risk for Sri Lanka, China, and Bangladesh, a high risk for India, and a
very high risk for Iran (Figure 8). Indeed, these five countries have experienced significant
deaths and injuries during outdoor work, including rice farming, in recent years [79,80].
Thus, there may be a greater risk in Iran, India, China, Bangladesh, and Sri Lanka than
in other countries where rice workers will be involved in natural disasters during field
operations. This is due to global warming, which in turn induces a higher frequency of
natural disasters, which could end up severely affecting rice farmers’ livelihoods [81]. This
further exacerbates the relative poverty of countries already in dire straits such as Iran,
India, and Bangladesh, undermining the path towards the pursuit of SDGs 1.5, 3.9, 8.8,
11.5, 13.1 and 16.6. Finally, with regard to the last category related to stakeholder workers,
trade union density was considered [69], which serves to assess how liberal and vivid trade
union culture is and to what degree the right to organize freely is assured in the rice sector.
Higher-density raters were basically considered as an indicator for better or more liberal
association conditions.
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Figure 8. Health and safety: Risk for workers to be affected by natural disasters [73].

From the S-LCA, a rather disturbing scenario emerged in which, in all countries
considered (with the exception of China) the risk of workers not being able to organize
in trade unions was high (4/5) and very high (5/5) (Figure 9). This means, therefore,
that in the rice sector of the various countries, there could be a very significant risk that
organizations bringing together agricultural workers are not directly represented in national
social dialogue institutions, thus affecting SDGs 8.8, 16.3, and 16.5.
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3.6.2. Stakeholders: Local Community

The first impact categories related to this stakeholder grouping were expressed by
industrial water use [74], which includes the production of nitrogen fertilizers, pesticides,
and other inputs for rice production. The analysis results show that industrial production
could generate very low and low potential risks for all the countries considered, except for
Malaysia, Italy, and China, for which there was medium risk (Figure 10).
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In this context, pesticides, fertilizers, and plant protection products—even though
not necessarily produced in the countries where they are consumed—could be part of the
industrial production of the countries considered. Thus, there could be an average risk that
these inputs negatively affect the use of water for industrial purposes. Concerning China,
it should also be mentioned how in recent years, because of the massive use of chemical
fertilizers, it has managed to feed more than 20% of the global population with less than 10%
of the arable land [82], reaching levels of 446 kg of nutrients per hectare [83], about 3.5 times
the global average. According to van Wesenbeeck et al. (2021) [84] excessive fertilizer
use, especially in China, is probably due to small land sizes, poor education, and lack of
confidence in science. It is also due to a lack of vision on the part of the Chinese government,
which has for years conducted an inactive policy in reducing excessive fertilizer use. The
other impact category considered was the level of agricultural use [74], for which it emerged
that for all the countries analyzed, the level of risk was very high. However, it should be
considered that in some countries, mostly in South-East Asia, such as China [35], Japan [21],
and Malaysia [31], rice cultivation is able to take advantage of favorable soil and climate
conditions and does not require artificial irrigation, but only annual rainfall; this is not the
case in other countries where continuous water pumping is required. Thus, rice farming
could exacerbate water stress levels, but only in countries with artificial irrigation and
irrigation systems, such as Italy [28] and Spain [27]. Finally, the last impact category
considered was ‘international migrant workers in the sector’ [69]. This category also suffers
heavily from the absence of data, which were missing for Malaysia, Japan, Iran, India, and
China in the agricultural sector, and Senegal, Malaysia, Japan, Italy, Iran, India, and China
in the industrial sector (Table 5).

Table 5. Risk of discrimination due to the large share of migrant workers in the rice sector [69].

BAN BRA CHI IN IRAN ITA JAP MAL SEN ES THA SRI

Agriculture 1 2 n.a. n.a. n.a. 5 n.a. n.a. 2 2 2 n.a.

Manufacturing 1 2 n.a. n.a. n.a. n.a. n.a. n.a. n.a. 5 3 n.a.

Based on the limited data available, it is possible to understand how the countries most
at risk were Italy and Spain; in the former, a very high risk of conflict and discrimination
could occur in the agricultural sector, and thus in rice farming. This is similar in the
case of Spain, in the industrial production sector, and thus potentially in the fertilizer
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sector. Importantly, migration flows occur from countries in difficulty to more advanced
countries, such as Spain and Italy. Therefore, a low and very low risk of conflict and
discrimination in some countries in the table is very often counterbalanced by unfavorable
economic situations.

3.6.3. Main observations

At this point, based on the risks and scores analyzed so far, a final score was identified
across countries, calculated as the number of times a country presents medium, high, and
very high risk across all impact categories. What we found was that the country that
most frequently presented medium-high risks, and where rice farming could therefore
induce the greatest social risks, was India, followed by Sri Lanka, Thailand, and Bangladesh
(Figure 11), especially for social risks associated with workers’ conditions. In fact, India is
the world’s second-largest rice producer after China, and the largest rice exporter globally
along with Thailand. Specifically, India has a market share of more than 40 percent of the
world rice trade, selling more than 20 varieties (including brown rice, basmati rice, jasmine
rice, and Mogra rice), and its exports touched 21.5 million tons in 2021, reaching more than
150 countries globally.
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It is worth noting that there may be a very high risk that some of the rice consumed
globally may have been produced through child labor or forced labor, as well as sacrificing
human lives. Clearly, as already widely expressed by these authors, the analysis was
heavily biased by the absence of data. Furthermore, it is not possible to know with certainty
the social impact of producing a specific good or service, but it might be useful to know the
potential for rice production to be associated with a specific externality. In this way, the
perception of risk rather than its actual realization could help stakeholders, policymakers,
and other actors modify their behavior. In this regard, further studies on the social impacts
of rice farming will be needed, and this study could provide a starting point.

4. Conclusions, Limitations and Future Recommendations

The 40 studies found in the literature were considered to be sufficiently in line with
the objectives of this review, as they allowed the possibility of clarifying the extent to
which Life Cycle Thinking has been applied in the rice sector, as well as highlighting the



Agriculture 2023, 13, 340 21 of 25

main research gaps and methodological aspects associated with the application of LCA. In
particular, the main findings observed are:

• Most studies used units of mass, preferring the production of 1 ton of product (in the
case where impacts are directly related to the product) and the cultivation of 1 hectare
of land (in the case of comparisons between several cultivation techniques). There
was little tendency to consider multiple FUs, thus highlighting how little multifunc-
tionality is considered in the rice sector. Therefore, the authors recommend the use
of multiple functional units, so as to precisely highlight the multifunctional role of
agriculture, and thus not only the production of basic necessities, but expanding it
through the performance of other functions such as environmental, social, landscape,
historical-cultural, etc. This could be particularly important in rice growing, since
multifunctionality could represent an effective way of organizing production factors
such as resources, and of interacting with external resources, such as the territory, thus
becoming a fundamental strategic line in the development process of the rural world
and territories.

• As might be expected, there was great variation and variability in methodological
choices. Although almost all of the studies examined adopted a cradle-to-farm-gate
approach, the authors consider different phases and inputs, different farming practices
and management, and different yields. Similarly, divergences were also noted in
the choice of methodologies, depending on the publication date of the study, the
nationality of the author, and the accuracy of the results. Therefore, due to different
assumptions, system boundaries, and methodological choices, studies often lead
to a large variability of results, sometimes making it difficult or uncertain to make
conclusive evaluations and comparisons of impacts, which would inevitably be over-
or underestimated, or not reflecting true value, as they might incorporate impacts from
the production process of other goods. Therefore, the authors of this paper suggest for
future studies to incorporate a greater alignment with past ones, in order to make the
comparison as similar as possible and thus assess environmental impacts more clearly.

• Also, environmental impacts between countries were highly dependent on their soil
and climate conditions, which could greatly affect the use of inputs such as water.
Based on these considerations, what we found was that Asian authors focus more on
fertilizer management, while in Italy there was a strong focus on water management.

• The scientific literature related to LCA in rice farming concerned only 12 countries
globally, within which there were few studies related to specific regions or production
areas, thus showing a research gap on the part of those countries that are some of
the world’s largest producers, including India, Vietnam, Myanmar, and the USA.
From this point of view, therefore, the authors emphasize the need for more LCA
studies by these countries, and it is surprising that there are none, considering the
high environmental impacts of rice farming.

• Uncertainty analysis was only performed by a limited number of studies, even con-
sidering the fact that it is not a mandatory step. However, the authors of this study
consider this phase to be particularly critical, as it could highlight how results could
change based on possible improvements in certain inputs. This phase, on the other
hand, was carried out by a few studies, and therefore, the authors of this study
recommend a higher frequency of SA.

• The authors’ major concern in rice farming was mainly related to the direct impacts
of agricultural activities (mainly related to chemical nitrogen fertilizers) on the at-
mosphere and the environment. This highlights a research gap in which the least
considered aspects are those related to the depletion of abiotic resources, probably
because current LCA methodologies do not recognize this as an important issue. How-
ever, even considering the current period of crisis between Russia and Ukraine and the
energy commodity crisis, the authors of this study also suggest that this aspect should
be considered in LCA assessments, especially to address the challenge of reducing
dependence on fossil fuels.
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• There was a research gap where few articles focus on organic rice farming and the
promotion of organic agriculture.

• Most of the sustainability assessments in agriculture focused on the environmental
dimension, while there were few on the economic and social dimensions, thus showing
how Life Cycle Thinking in agriculture is little considered, consistent with the initial
objective of the study. However, precisely because the multifunctionality of agriculture
is not limited to satisfying the population’s food needs, but also plays a role at an eco-
nomic, social, and cultural level, a three-pillar approach to sustainable development,
based on a broader LCT perspective that also considers economic and social variables,
should be considered in evaluations of rice production (and agricultural production in
general).

• Based on the aforementioned research gap and on the basis of the latter consideration,
a social LCA on the rice sector was conducted for countries found in the literature, the
results of which show the countries for which rice farming could potentially induce
medium to high social risks to be India, Sri Lanka, Thailand and Bangladesh. However,
methodological shortcomings and data reliability call for further studies.

The results of the review and the findings could be of interest to rice researchers and
LCA scholars as a knowledge base for future studies. In this regard, the authors of this
study intend to focus especially on the multifunctionality of agriculture and rice farming,
so that it can be emphasized in future research. They, therefore, recommend using holistic
assessments considering not only environmental sustainability but also economic and
where possible social sustainability, in a broader Life Cycle Thinking assessment, as well as,
for example, the use of multiple functional units.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/
10.3390/agriculture13020340/s1, Table S1: FUs chosen in the studies analyzed, Table S2: System
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