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Abstract
The circular economy paradigm has gained significant attention for its alignment with 
sustainability principles and its potential to decouple economic growth from resource 
depletion and environmental degradation. There is a lack of comprehensive assessment 
frameworks for circular economy implementation. Through a mixed-methods approach, 
including literature review, surveys, key informant interviews, and analysis of social, eco-
nomic, and environmental benefits, this paper aims to Integrate a monitoring framework 
for implementing Circular Economy (CE) in Small and Medium-sized Enterprises (SMEs) 
within the tapioca industry. This study proposes a comprehensive framework called " 
RESOLVE-SF by integrating the Resolve model, which focuses on generating resolutions 
or solutions to problems, with an analysis of social, economic, and environmental ben-
efits and SDGs achievement. However, the research highlights a social deficiency in terms 
of gender equality, revealing a gender wage gap and limited opportunities for women for 
particular job roles within the industry. This research provides valuable insights for poli-
cymakers, industry stakeholders, and researchers seeking to promote sustainable practices 
and achieve a more circular and resilient economy. These include advocating the transition 
to renewable energy sources, implementing efficient water management practices, address-
ing gender inequality and social inclusion, and aligning policy frameworks with the SDGs.
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Introduction

The concept of a circular economy (CE) has gained considerable attention in both sci-
entific and professional communities due to its contribution to sustainable development 
[1–4]. A similar study acknowledged that circular economy and sustainability are inter-
connected [5]. The circular economy offers a promising approach to achieving sustain-
ability through addressing the challenges of resource scarcity and environmental impact 
[6–8]. However, it is essential to differentiate between different types of circular econ-
omy approaches and evaluate their respective contributions to sustainability[6].

The promising system emerged as an alternative to the traditional production model. 
CE aims to decouple economic growth from resource depletion and environmental deg-
radation [9]. The essence of the circular economy lies in its transformative Industrial 
principles aimed at regenerating resources [10], reducing waste, and more efficient use 
of resources [11–14], maximizing resource value like advocating the closing the loop 
[15–17], and extending product life [18–20]. Furthermore, this paradigm shifts toward 
changing the way products are manufactured and consumed [21], and engaging supply 
chain stakeholders for sustainable resource use [22, 23].

Additionally, digital technologies (DTs) facilitate upscaling of the CE by enabling 
the generation and handling of data and information necessary for circular business 
models and the intricate needs of circular supply chains[24]. DTs support CE practices 
for SMEs, initially for production efficiency, later facilitating a more circular transition 
[25]. Within the broader transformational concept of CE, researchers label CE as a cata-
lyst [26],a driver [5], a new paradigm[2], and an Innovative business model [27] for 
sustainable development.

It is necessary to elaborate on the CE principles as a set of strategies) to underpin the 
transition to sustainable development through five main fields of action: Take, make, 
distribute, use, and recover [28]. The other authors introduce Environmental Strate-
gies (Rs) to promote circularity as the "reduce, reuse, and recycle" (3Rs) [29]; or the 
Reduce, Reuse, Recycle and Recover (4Rs) [30] approach. Another study proposes 5R 
principles (Rethink, Reduce, Reuse, Repair, Recycle) for Circulatory strategies [17, 31, 
32]. Additionally, the research presents a comprehensive set of objectives encompassing 
more nuanced R-typologies: Remanufacture, Refurbish, Repair, and Reuse, while also 
highlighting the importance of Refuse, Rethink, and Reduce as additional targets.[33]; 
Similarly, in the context of water management, the author develops nine strategies—
Rethink, Avoid, Reduce, Replace, Reuse, Recycle, Cascade, Store, and Recover [34].

Understanding the concept of sustainability plays a crucial role in ensuring that 
the implementation of CE aligns with sustainability goals. Barbier uses both terms 
sustainable economic development and sustainable development inconsistently [35]. 
Later, the phrase SD gained popularity following the release of the Brundtland Com-
mission Report by the World Commission on Environment and Development in 1987 
[36]. Interestingly, the competing language of Sustainability versus Sustainable devel-
opment are often so intertwined in many literatures and their general understanding 
within the framework of the Three Pillars [37]. However, varying viewpoints can create 
fragmented definitions, often prioritizing specific agendas over a comprehensive under-
standing [38].

This paper presents a comprehensive definition of sustainability as the harmonious 
integration of economic prosperity, social inclusivity, and environmental resilience, 
ensuring the well-being of present and future generations [2, 2, 17]. Moreover, this 
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paper highlights the close relationship between sustainability and sustainable develop-
ment and emphasizes that varying viewpoints can create fragmented definitions, often 
prioritizing specific agendas over a comprehensive understanding [38].

However, for this research, the term of sustainability is used. Sustainability is generally 
described as a state of equilibrium or synergy among economic, environmental, and social 
aspects. Furthermore, the terms "Sustainability" and "Triple bottom line" (TBL) are fre-
quently used interchangeably as well in many sources. The TBL concept is often referred 
to as the 3Ps (people, planet, and profits).

The TBL conception in Fig. 1, commonly represented by three intersecting circles with 
overall sustainability at the centre, has become a ‘common view’[39–41] and intergenera-
tional dimension[42]. The study uses a similar Venn diagram to describe the notion of sus-
tainable economic development that appears to have been first presented by Barbier [38].

While the principles of CE have gained acknowledgment, their practical application in 
small and medium-sized enterprises (SMEs) within the tapioca industry has not been thor-
oughly investigated. One  interesting aspect of CE that failed to address is providing evi-
dence of the successful implementation of CE within the small-medium (SMEs) industry 
based on commodities particularly focusing on cassava. The involvement of SMEs in the 
transition towards a CE is still uncommon [43]. Cassava (Manihot esculenta) is one of the 
important agricultural products globally consumed as a staple food for 1 billion people 
[44]; as a raw material in the food industry, animal feed, bio-energy, and industries such 
as alcohol, citric acid, clothing, and chemicals [45]. Cassava production in Lampung pre-
dominantly is processed into tapioca flour [46]. The tapioca industry produces tapioca flour 
as the primary product. Also, it produces solid waste (skin, elot, and cassava fibre) and 
solid and liquid waste as a potential alternative energy source. For instance, to produce one 
ton of tapioca flour, approximately 16 cubic meters of water are needed, and a significant 
quantity of wastewater generated amounts to 17 cubic meters [47] which contributes to 
greenhouse gas emissions, and high organic pollutants [48].

To gain a comprehensive understanding of the practical applicability and effectiveness 
of circularity in SMEs within the tapioca industry, further research and empirical studies 
are needed. These studies can provide insights into the specific challenges and opportuni-
ties faced by SMEs in adopting CE practices, as well as the potential economic, environ-
mental, and social impacts that can be achieved within this context.

Fig. 1   TBL Diagram for sustainability Illustration, adapted from [37, 38]
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Key challenges in the tapioca industry include water consumption, energy usage, waste 
generation, and the environmental impact of pesticide and fertilizer use. Grey water foot-
print issues have gained more attention over the past decade in the industry. The United 
Nations estimates that globally more than 80 percent of wastewater worldwide is released 
into the environment without any treatment [49]. However, wastewater can be an alterna-
tive water solution to the coming era of water scarcity [50–52]; a sustainable source of 
energy, nutrients, organic matter, and other useful by-products[53]. fertilizer (digestate) 
[54], biogas production and minimize slurry and waste [55, 56].

However, despite the growing interest in CE implementation within the tapioca indus-
try, there is currently a lack of comprehensive assessment frameworks specifically tailored 
to small and medium-sized enterprises (SMEs) operating in this sector [2, 57].

The existing frameworks for circular strategies do not encompass a comprehensive view 
of both the present state and potential future innovations [58]. Consequently, there is a 
significant research gap regarding the practical applicability and effectiveness of CE initia-
tives in SMEs within the tapioca industry. Further research and empirical studies are essen-
tial to fill this gap, enabling a comprehensive understanding of circularity in this specific 
context and providing valuable insights for informed decision-making processes.

Therefore, this study aims to address the lack of comprehensive assessment frameworks 
for monitoring CE implementation in SMEs [13, 14, 27], against TBL with a specific 
focus on the tapioca industry. The findings of this research will provide industry-specific 
insights, recommendations, and contribute to an improvement in terms of greater environ-
mental friendliness and an impact on responsibility consumption and production (Goal 12).

Incorporating a comprehensive assessment framework on CE implementation in SMEs 
in the tapioca industry, this paper, then, aims to address the following research questions: 
What challenges contribute to the limited adoption of the circular economy by SMEs in the 
tapioca industry? and what strategies can be offered to tackle those challenges from SDGs 
and responsible business perspectives.

The structure of this paper is as follows: It begins with an introduction, followed by 
the presentation of the research methodology in Section  “Materials and Methods”. The 
results are then presented in Section “Results”, which is further divided into two subsec-
tions. In Section “Circular economy implementation in SMEs within the tapioca industry”, 
the discussion takes place, where the outcomes are analyzed, and prospects are suggested 
to enhance the Sustainability of CE in the SMEs tapioca industry. Finally, the paper con-
cludes by summarizing the findings and drawing overall conclusions in Section “Identifica-
tion of Environmental, Economic, and Social Benefits”.

Materials and Methods

The study employs a mixed-methods approach that involves both qualitative and quanti-
tative approaches. It also consists of a comprehensive literature review, conducting inter-
views with key informants from various roles and positions. The key informants include 
the business owner of a large tapioca industry in Lampung Tengah Regency, the production 
manager responsible for wastewater management and converting biogas to electricity grid 
in Tulang Bawang Regency, the manager of the environmental office of Lampung Prov-
ince, DTs Expert, workers, and local communities. The purpose of these interviews is to 
compare business processes and circular economy practices, particularly in the context of 
managing wastewater in the tapioca industry.
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Two approaches were employed to select samples. Initially, a case study method was 
utilized to choose a particular SME in the tapioca industry that implements circular econ-
omy principles and provides convenient access to crucial information. This study method is 
used extensively among qualitative social studies [59, 60]. However, a case study provides 
conceptual insights [61] and; profound understanding of the phenomenon[60, 62, 63].

In the first phase, questionnaires were specifically focused on economic and environ-
mental dimensions, while the social dimension was addressed through a separate worker 
and local communities’ questionnaire. Subsequently, a purposive sampling of workers was 
conducted in the second phase. However, during the interviews, only 47 out of 50 work-
ers were available for participation. This sample size is greater than minimum sample size 
requirement of 44 using Slovin’s formula considering margin of error 0.05.

These survey findings were essential in exploring circular business models within the 
tapioca industry. Circular business models’ classifications are presented by the ReSOLVE 
approach developed by the Ellen MacArthur foundation[64]. It lists six business actions 
that can help enterprises switch to CE, namely: regenerate, share optimize, loop, virtual-
ize and exchange. [27, 65–67]; ReSOLVE framework as an analytical principle, explor-
ing developable business models, and combining them into tapioca industry circular busi-
ness model. This model was developed from Chyhjiun Jewelry’s circular business model 
[68]. Combining the Resolve model adapted from [27, 64, 68] with the analysis of social, 
economic, environmental, and SDGs achievement could result in a comprehensive deci-
sion-making framework or model that considers multiple factors and their impacts. Such 
a model could be referred to as a "Sustainable and SDGs Achievement Framework " or 
"ReSOLVE-SF " for short. This business framework would incorporate the Resolve mod-
el’s ability to generate resolutions or solutions to problems, while also considering the 
broader implications and benefits for society, the economy, and the environment and sus-
tainable achievement.

The diagram in Fig. 2 illustrates the current state of embracing circular economy prin-
ciples, encompassing the identification of its concepts with ReSOLVE model and the 
ongoing transition’s impacts on both social economy and the environment, aligning with 

Fig. 2   Sustainable Business Model Framework of SMEs Tapioca Industry adapted from [23, 69]
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Sustainable Development Goals (SDGs). It envisions a future vision where this transi-
tion leads to a balanced system that depicts the intersection between profit, people, and 
the planet, and intergenerational relations which are fundamental elements for achieving a 
sustainable state.

The Resolve-RF model identifies circular economy principles and takes these charac-
teristics into a model of the tapioca industry. The benefit model focuses on assessing the 
environmental, economic, and social benefits associated with SDGs Achievement. The 
relationship between the characteristics and the corresponding benefits is considered and 
integrated into the overall analysis. In addition, it is crucial to incorporate CE ethics into 
the tapioca industry to drive sustainability[70]. An ethical circular economy strategy har-
nesses human and cultural interactions to drive circular economies and rebalance resource 
flows. This approach maximizes the circular economy concept, effectively striving for a 
sustainable and prosperous future for the world and its inhabitants [70].

By integrating CE ethics into the tapioca industry, stakeholders can ensure that their 
practices align with principles of sustainability, conservation, and responsible resource 
management. This not only benefits the environment but also contributes to the long-term 
viability and success of the industry. The current limitations of this model prevent it from 
fully capturing and quantifying the monitoring value, as it can only provide a general indi-
cation of the potential impacts and lacks precision. However, there is potential for future 
expansion and development to enhance its capabilities and transform it into a more precise 
tool for monitoring.

Results

This section presents the results of the implementation process of the business framework 
in our case study within the tapioca industry. The subsequent sections will delve into a 
detailed explanation of this implementation process, providing a comprehensive under-
standing of how the framework was applied and its specific outcomes within the context of 
the tapioca industry.

Circular economy implementation in SMEs within the tapioca industry

The application of the CE concept to waste and by-products of the tapioca flour produc-
tion process can lead to sustainable development, through minimizing waste and provid-
ing economy, social and environmental benefits. Sustainability features enable not only the 
energy consumption of properties, but also the reporting of emissions, waste, and fuel con-
sumption reliably as illustrated in Fig. 3.

The tapioca factory under observation had an actual production capacity of approxi-
mately 25 tons of cassava per day, resulting in 125 cubic meters of wastewater. To mini-
mize the environmental impact and harness its potential value, the wastewater underwent 
treatment in a biogas reactor. This treatment process aimed to reduce the environmental 
load while simultaneously generating biogas which refer as creative use of wastewater. 
Using biogas obtained from wastewater offers several advantages, including the production 
of heat and electricity, as well as valuable by-products like nutrients and organic matter 
that contribute to the circular economy [71]. Moreover, burning biogas will prevent the 
release of 1.26 million tons of CO2 equivalent annually in Lampung province (as a case 
study), resulting in significant environmental benefits [72].
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During our interview with a key informant, it was revealed that the biogas process 
implemented in wastewater management successfully reduced the chemical oxygen 
demand (COD)from around 15,000 mg/L to 200 mg/L, and increase degree of acidity or 
alkalinity to around 7. This demonstrates its effectiveness in treating the wastewater. This 
reduction is particularly significant when compared to the wastewater quality standard for 
tapioca wastewater in Indonesia, which is set at 300 mg/L[73].

However, based on our fieldwork and interview with a key informant in Tulang Bawang 
Regency, it is confirmed that the processing of 850 tons of cassava daily can indeed gener-
ate 2 × 1.5 MW of electricity for the national grid. The COD (Chemical Oxygen Demand) 
of tapioca, while lower compared to POME, can be further enhanced by using retention 
ponds and incorporating cassava pulp to increase COD. It’s important to note that the 
investment cost for this initiative is substantial. the estimated approximately 3.53 kilowatts 
(kW) of electricity could be generated by a ton of cassava processed within the tapioca 
industry based on the given scenario involving larger-scale operations. For SMEs, the use 
of gensets can be a practical and cost-effective solution to minimize expenses associated 
with electricity generation.

The study findings indicate that the tapioca industry exhibits significant and purposeful 
attributes of a CE by effectively utilizing the wastewater. [54, 74]. Specifically, the waste-
water was transformed into biogas, and the remaining waste materials, such as sludge and 
slurry, were utilized as fertilizer and reused water. The first stage in the processing of tapi-
oca flour is peeling the skin of cassava. This process aims at removing the cassava skin and 
the rotten parts of the cassava. This process will produce a lot of solid waste from cassava 
peels.

The next step is the washing process. In our study, the peeled cassava undergoes a three-
phase washing process with water to eliminate soil remnants and other impurities. This 
method involves a continuous flow of water and results in wastewater in large quantities. 
Wastewater from the pond the anaerobic digester used referred to recycled water as water 
input in the first phase washing process (only 10 percent of the total water intake uses recycled 
water). It is then continued with the shredded Process. Before grated, clean cassava is added 

Fig. 3   Creative use of wastewater at Tapioca Industry in Lampung Tengah regency (a case study)
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in a chopper machine to cut into smaller sizes (1–2 cm). Small pieces of cassava formed, then 
accommodated and inserted into a grated machine. This process aims to separate starch and 
cassava pulp (onggok). In this process, water is added to extract starch and drain the cassava 
fibre. This water slurry flows into a tub and the slurry was sieved. The starch liquid that has 
been extracted will go through the settling process into a tub, while the cassava fibre. is sepa-
rated. The extraction process/dewatering will generally produce sediment that settles in the 
settling basin.

Subsequently, the sediment which is tapioca starch, undergoes a drying process. Drying is a 
process of evaporating water content to obtain dry tapioca flour. Biogas, generated in an anaer-
obic digester pond from the wastewater produced during tapioca flour production, is utilized to 
dry starch in a flash dryer. The heat from the combustion of biogas was transferred to the dryer 
with thermal oil and a heat exchange system and directly contact hot air with the material to 
be dried, and suspend the material to be dried (flour) in the airflow, and quickly removed water 
from the small particles which are easy to dehydrate and the powdery wet material. The dried 
tapioca is then packed with a size of 50 kg. Finally, the industry uses the rest of the liquid from 
the pond that would be used to irrigate the avocado and orange plantation. From the process, 
we derived a conclusion that the practice of CE is confirmed in the SMEs tapioca industry.

The implementation of circular economy business models in the tapioca industry in Table 1 
describes a multifaceted commitment to sustainability, spanning environmental, economic, 
and social dimensions. By regenerating tapioca waste into biogas for renewable energy, the 
industry significantly contributes to reducing greenhouse gas emissions, aligning with the 
global goals of SDG 7 (Affordable and Clean Energy) and SDG 13 (Climate Action). This not 
only bears environmental benefits but also translates into economic gains by mitigating CO2 
emissions and lowering energy costs.

Moreover, initiatives such as sharing repair expertise, utilizing by-products in other indus-
tries, and optimizing water resources demonstrate a holistic approach. These strategies not 
only enhance resource efficiency and reduce environmental impact (SDG 17: Partnerships for 
the Goals) but also generate additional income, fostering economic sustainability.

In parallel, efforts like treating wastewater for reuse address SDG 6 (Clean Water and 
Sanitation) while simultaneously lowering energy costs, contributing to economic efficiency. 
Overall, the tapioca industry’s circular economy practices underscore a harmonious integra-
tion of environmental stewardship, economic prosperity, and social responsibility, aligning 
with a spectrum of Sustainable Development Goals.

In this research, it is important to acknowledge that the social impact cannot be solely 
viewed through the lens of circular principles in isolation, but rather it should be assessed 
holistically within the entire business context. However, the focus of this particular study is 
limited to analyzing the human rights aspect, specifically examining the wage gap. Also, it has 
a constraint in terms of the enabling conditions being examined. Specifically, the analysis is 
restricted to the realm of environmental ethics and should be assessed holistically within the 
entire business context.

Identification of Environmental, Economic, and Social Benefits

Environmental Benefits

The tapioca industry’s adoption of anaerobic digestion technology and utilization of biogas 
as a heat source for drying tapioca and re-use of wastewater in the initial washing process 
of cassava offer environmental advantages.
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One of the benefits is the reduction of methane emissions through anaerobic diges-
tion. By capturing methane, a potent greenhouse gas, during the decomposition of organic 
waste, the industry effectively mitigates its CO2 equivalent emissions, playing a crucial 
role in combatting climate change[8, 77]. Additionally, the substitution of coal with biogas 
as a heat source in the drying process of tapioca showcases the industry’s commitment to 
align itself with sustainable energy systems. This shift promotes a cleaner and more envi-
ronmentally friendly energy future, acting for a more sustainable and resilient society.

Furthermore, reusing wastewater during the initial washing process of cassava is not 
only benefitting the environment but also providing an additional environmental advan-
tage within the context of the tapioca industry case study. Approximately 10 percent of the 
wastewater from Anaerobic Digestion in the form of slurry from methane capture is recy-
cled and utilized in the cassava initial washing phase. This practice contributes to water 
conservation by reducing the industry’s overall water consumption. By incorporating recy-
cled water, the tapioca industry optimizes resource efficiency and minimizes reliance on 
freshwater sources. Furthermore, reusing wastewater decreases the volume of discharged 
water, thereby mitigating potential environmental impacts associated with water discharge. 
Through this CE practice, the industry enhances its sustainable water management efforts, 
promotes efficient resource utilization, and contributes to improved water quality through-
out the production process.

Economic Benefits

The tapioca industry’s commitment to CE practices does not promote environmental sus-
tainability per se but also brings about tangible economic advantages, including cost sav-
ings in energy and water, revenue generation opportunities, and the potential for carbon 
credit trading. By substituting coal with biogas, the industry achieves cost savings through 
reduced energy expenses. This transition to a more sustainable energy source not only con-
tributes to the industry’s profitability but also reduces carbon emissions. As defined by the 
Paris Agreement, each ton of CO2 emissions mitigated can be transformed into a value of 
$10, further enhancing the economic benefits of carbon action mitigation. Conversely, the 
government enforces a charge of $2.10 for each ton of CO2 equivalent.

Additionally, the optimization of water resources improves resource efficiency and con-
tributes to overall cost reduction. Moreover, the adoption of sustainable practices aligns 
with the increasing demand for environmentally friendly products, enabling the industry to 
tap into new market segments and attract environmentally conscious consumers. Further-
more, the industry may become eligible for funding and grants provided by governments 
and organizations to support businesses that adopt sustainable practices, further enhancing 
its economic viability.

Lack of Social Initiative in the Circular Economy

While the CE has gained attention as a sustainable approach, it often overlooks the social 
dimensions. the limited consideration of social aspects within the CE framework can hin-
der the achievement of social benefits. It has been acknowledged that social factors receive 
insufficient attention in CE research[78]. In this research, several notable findings highlight 
significant social issues within the tapioca industry.

One of our significant findings related to social aspects is the existence of the gender 
wage gap. Our research revealed that job roles in the CE industry of tapioca are segregated 
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based on societal perceptions of gender capabilities. In the tapioca industry, women are 
often excluded from operating the drying machines, as these roles are considered more 
suitable for men. This gender-based job assignment leads to a significant wage disparity, 
particularly in lower-paid positions, as women have limited access to higher-paying roles 
(Bandeira et al., 2021).

Another notable finding in this research is that a significant majority of employees in 
the industry are earning incomes below the minimum regional wage. Additionally, it was 
observed that the industry lacks social security measures, specifically, it was observed that 
the business owners do not contribute to the Social Security Insurance agent/ BPJS, which 
provides social security coverage for workers in Indonesia. Despite this, the business own-
ers express their commitment to covering any expenses related to work-related accidents or 
injuries.

Uncovering a crucial finding, this research highlights the tapioca industry’s lim-
ited access to local materials, notably cassava. Merely 30 percent of the cassava utilized 
is locally sourced, with the majority acquired from different regencies to meet industry 
capacity requirements. This reliance on external sources prompts considerations about its 
impact on local farmers and the broader regional economy.

All the findings are in line with the CE has been criticized for its limited attention to 
the social dimension, focusing primarily on environmental benefits. This "social defi-
ciency" can be compensated by integrating strategies that prioritize social considerations, 
but neglecting the interconnectedness of environmental and social issues undermines the 
CE’s value [79]. Similarly, Murray et al. [80] highlight that the CE primarily focuses on 
environmental benefits, overlooking the social dimension. They argue that the CE does not 
give equal weight to social considerations compared to sustainability, which encompasses 
environmental, social, and economic aspects. Limited resources, including financial and 
human resources, can hinder SMEs from investing in social initiatives and generating posi-
tive social benefits. Additionally, their smaller customer bases and market reach limit their 
ability to create significant social impact. Cost constraints and the prioritization of immedi-
ate financial needs can further limit resources available for social programs [15].

By acknowledging the importance of social issues, we can enhance the overall sustain-
ability and inclusivity of the CE, fostering a more just and equitable society. Incorporating 
a comprehensive understanding of social issues enables the CE to become a more inclusive 
and equitable proposition aligned with the principles of sustainability and social justice.

The Accelerating Role of SDG 12 in the transition towards sustainability

To attain the Sustainable Development Goals (SDGs), the adoption of circular economy 
practices is crucial. There are strong correlations between a CE implementation and 
SDGs[81, 82]. Moreover, studies have shown that CE practices can directly contribute to 
the attainment of various Sustainable Development Goals (SDGs) [83, 84]. Broadly speak-
ing, CE practices are strongly linked to SDG 12 (responsible consumption and production), 
SDG 6 (clean water and sanitation), SDG 7 (clean and accessible energy), SDG 13 (climate 
change), and SDG 15 (life on earth) [84–87].

This research underscores the primary role of Sustainable Consumption and Production 
(SCP) in fostering CE principles. SCP is essential for a circular economy by meeting needs 
while minimizing resource use and waste [88]. Similarly, This aligns with the principles of 
sustainable production and consumption, promoting a CE approach where resources are con-
served and utilized efficiently [89–91]. Achieving SCP will contribute significantly to the 
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achievement of almost all of the SDGs, directly or indirectly. The author illustrates SCP as a 
crosscutting enabler for the achievement of numerous SDGs [88].

Our research reveals significant contributions the SDG 12 aligning with several Sustain-
able Development Goals (SDGs). The reuse of water from biogas slurry primarily aligns with 
SDG 6 (Clean Water and Sanitation), by replacing coal with biogas, thereby supporting the 
targets of SDG 7. Additionally, by reusing water from biogas slurry, can contribute to SDGs 
by reducing water wastage and minimizing the demand for freshwater resources. Furthermore, 
this transition also relates to SDG 13, which emphasizes the urgent need for climate action. 
The burning of fossil fuels, such as coal, is a significant contributor to greenhouse gas emis-
sions and exacerbates climate change. Lastly, by actively sharing its repair and maintenance 
expertise with other tapioca businesses, the tapioca industry contributes to the promotion of 
SDG 17: Partnerships for the Goals.

Additionally, collaboration between manufacturers and suppliers enhances sustainable 
practices, supporting SDG 12. Companies actively seek collaboration, often with suppliers, to 
gain access to green technology, materials, or knowledge within their network [92, 93]. Mina 
et al. highlight the importance of selecting circular suppliers for circular Supply Chains [94]. 
The interviews with key informants in the tapioca industry revealed a relationship between the 
industry and its supply chain. Specifically, the practice of providing credit to farmers was iden-
tified as a strategy to secure a consistent supply of cassava for the industry. This relationship 
may not directly pertain to Sustainable Consumption and Production (SCP) practices, but it is 
reflected in a parallel context in the nucleus-plasma model observed in the palm oil industry.

The nucleus-plasma model in the palm oil industry establishes collaboration between large 
plantation companies (nucleus) and smallholder farmers (plasma) [95]. While the nucleus 
provides resources and oversees processing, ensuring smallholders’ access to markets, chal-
lenges such as power imbalances necessitate careful implementation. Government subsidies 
are recommended to address high-interest credit issues [96]. Sustainable practices in palm oil, 
despite revenue increases, may lead to a loss of net income for smallholders, emphasizing the 
need to improve economic performance for certified oil palm smallholders [97]. Addressing 
power imbalances in the nucleus-plasma model, the article on contract farming in Uganda 
offers a transformative solution for smallholders.

The article introduces a transformative perspective for smallholders [98]). Joining organic 
coffee smallholder contract farming programs often results in positive income effects, yet inte-
gration into value chains may expose smallholders to market volatility. Temporary support 
packages become crucial, aligning with business-led food security policies that require aid 
for higher transaction costs. In the context of cassava certification, support mechanisms for 
poor producers should encompass training, inputs, and credit, particularly emphasizing the 
cultivation of higher-value crops [99]. Overall, sustained industry-supplier and customer part-
nerships drive SDG 12. Moreover, understanding both the synergistic and trade-off relation-
ships among the different goals is crucial for effective goal planning and implementation. It 
helps identify areas where collaborative efforts can lead to win–win outcomes, as well as areas 
where trade-offs need to be managed to minimize negative impacts and maximize progress 
toward the desired outcomes of all goals. offering opportunities for transformative and sustain-
able solutions in agricultural systems.

Empowering Circular Economy with CE Ethics Practices

Our sample industry continues to drive innovation in its CE business, focusing on several 
key areas. Firstly, the Company of the case study has committed to adopt the sustainability 
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and responsible business practices. When it comes to whitening tapioca flour, the Com-
pany has made a conscious decision to eliminate the use of chemicals. As a consequence 
of their dedication, the colour of the tapioca flour they produce is slightly brown instead of 
white. By ensuring that their products are environmentally friendly and pose no harm to 
consumers, aligns with the principles of minimizing harm to the environment and promot-
ing ecological balance.

Secondly, in addition, to promote responsible production and consumption behaviour, 
currently, respondents use 10 percent of water reuse. By utilizing this captured liquid as 
a reusable water source within their operations, they reduce their reliance on freshwater 
while mitigating environmental impact and conserve this valuable resource. This commit-
ment to water reuse aligns with ethical principles of resource efficiency, sustainability, and 
environmental responsibility.

Thirdly, the business owner has set a clear goal to transition entirely to local cassava 
within the next five years. by sourcing materials locally, they reduce transportation-related 
carbon emissions and support the local economy. our respondent is using 30 percent local 
cassava for their tapioca flour production. By exclusively sourcing local cassava, they aim 
to reduce the environmental impact associated with long-distance transportation and sup-
port local farmers. This strategic decision aligns with their overall commitment to sustaina-
bility and showcases their proactive approach to promoting a more sustainable and resilient 
supply chain.

Corporations should not only focus on understanding, believing, planning, and acquir-
ing skills of Environmental Ethical Commitment (EEC), but also recognize the importance 
of identifying environmental strategies, comprehending the decision-making process, 
understanding the roles of organizational participants, and promoting the integration of 
humanity and ecology. These factors collectively contribute to advancing long-term eco-
logical and organizational sustainable development The Company of the case study has a 
strong commitment to sustainability and responsible business practices aligns closely with 
ISO 14001[100]. By combining these various ethical perspectives, the business exemplifies 
a holistic approach to business ethics within the context of circularity. Their practices not 
only promote sustainable resource management but also prioritize employee welfare, com-
munity engagement, and environmental stewardship.

Discussion

The implementation of the CE in SMEs within the tapioca industry offers various benefits, 
including economic, social, and environmental advantages. By effectively utilizing waste-
water through treatment in a biogas reactor, the tapioca industry demonstrates circularity 
by transforming wastewater into biogas. The industry also optimizes resource efficiency by 
recycling water from the anaerobic digester for the initial washing process, reducing water 
consumption and costs. Moreover, the adoption of CE practices, such as remanufacturing, 
value recovery, collaborative networks, resource optimization, waste minimization, and 
closing the loop, generates revenue, creates employment opportunities, enhances agricul-
tural productivity, and reduces environmental impact.

However, it is important to acknowledge that there is a lack of attention to the social 
dimension within the CE framework. This deficiency becomes evident when considering 
the existence of the gender wage gap and the limited opportunities for women in certain job 
roles within the industry. Addressing this social issue requires promoting gender equality 
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and inclusivity in job opportunities, challenging stereotypes, and fostering a more equita-
ble workforce. By integrating strategies that prioritize social considerations, the industry 
can enhance its overall sustainability and contribute to a more just and inclusive society.

However, discussing corporate social and environmental responsibility and sustainabil-
ity, it is imperative to acknowledge the fundamental role of ethics. The concept of ethics 
cannot be disregarded or separated from these practices. Ethics provides tools that can help 
people seeking sustainability to adjudicate conflicts, set priorities, and seek consensus or 
compromise [101].

Implementing the principles of Circularity’s Ethical Code in tapioca industry SMEs can 
have several positive impacts. Firstly, by promoting honesty, transparency, and fair compe-
tition, SMEs can establish trust among stakeholders, including suppliers, customers, and 
employees. This can lead to stronger business relationships and increased credibility within 
the industry. Ensuring the quality of offered products and services aligns with Circularity’s 
code can help SMEs meet customer expectations and enhance customer satisfaction.

This study showed the importance of business ethics and social responsibility as for 
organizational growth and success. Specifically, they consider business ethics to lead to 
positive employee, customers and as well community relations[102]. Furthermore, they 
perceive better corporate image/reputation, greater customer loyalty; and a strong and 
healthier community as benefits that can inure to the benefit of corporations that are 
socially responsible [103]

Ethics of sustainability can drive SMEs to promote the use of natural resources and 
compliance with environmental regulations contributes to sustainability in the tapioca 
industry. SMEs can implement eco-friendly practices such as efficient resource manage-
ment, waste reduction, and the use of renewable energy sources. This does not only reduce 
the environmental impact but the approach also enhances the company’s reputation as an 
environmentally conscious business. Ethics can take precedence in the internal journey of 
a company as the foundation of essential moral values, leading to a subsequent dedication 
to sustainability. This commitment to current and future generations can manifest through 
specific actions focused on meeting the needs and expectations of key stakeholders, par-
ticularly in terms of social and environmental responsibility[104].

Identifying Research Gaps and Future Research Directions

While integrating strategies that prioritize social considerations can compensate for this 
"social deficiency," neglecting the interconnectedness between environmental and social 
issues diminishes the value of the CE. By addressing these social concerns, we can improve 
the overall sustainability and inclusivity of the CE, leading to a fairer and more equita-
ble society. Additionally, the assessment of sustainability indicators and the evaluation of 
stakeholder engagement strategies, warrant further investigation. Therefore, it is crucial to 
encourage future research that evaluates the social benefit dimensions of the CE and busi-
ness ethics. By filling this research gap, we can gain a comprehensive understanding of the 
CE impact on society, ensuring that sustainability initiatives are not only environmentally 
and economically sound but also socially just and ethically responsible.

Collaboration with industry associations, government bodies, and non-governmental 
organizations can also play a significant role in addressing the gender wage gap and pro-
moting gender equality in the tapioca industry. These partnerships can provide support, 
resources, and guidance on implementing gender-sensitive policies and practices. Future 
research efforts could also focus on the development and evaluation of circular business 
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models specifically tailored for SMEs in the tapioca industry. Exploring the potential of 
emerging technologies, such as blockchain and the Internet of Things (IoT), in optimizing 
resource flows and enhancing traceability can further contribute to advancing circularity in 
the industry.

Additionally, it is important to internalize ethics of sustainability, ensuring that these 
principles become ingrained within the organization’s culture, values, and day-to-day oper-
ations. This creates a solid foundation for long-term success while also contributing posi-
tively to society and the environment.

Implications for Practitioners and Policymakers

For business owners, evaluating the social benefits for the local community and workers is 
essential. They should assess the impact of their operations on SDGs, particularly SDG 6 
and SDG 12, by considering water usage, waste management, and responsible consumption 
and production. Additionally, transitioning to biogas as an alternative to coal can positively 
contribute to SDGs 7 and 13, addressing affordable and clean energy and climate action. 
By integrating these considerations into their practices, businesses can enhance their rep-
utation, attract environmentally conscious consumers, and improve community relations. 
Policymakers play a vital role in creating a supportive environment by developing policies 
and incentives that encourage businesses to adopt sustainable practices aligned with the 
SDGs, fostering collaboration for mutual benefits.

For policymakers, the analysis highlights the need for supportive regulatory frameworks 
and policies that promote circularity in the tapioca industry. Policymakers can utilize the 
research findings to develop targeted initiatives, financial incentives, and policy instru-
ments that encourage SMEs to adopt CE practices. Collaboration between policymakers 
and industry stakeholders is essential for the effective implementation of these policies and 
for creating an enabling environment for circularity in the tapioca industry.

Conclusion

In conclusion, this paper has explored the application of CE practices in SMEs within the 
tapioca industry. The main findings of this study reveal the potential of CE strategies to 
drive sustainable development, minimize waste generation, and provide economic, social, 
and environmental benefits. By implementing waste minimization, resource optimization, 
value recovery, and closing the loop, the tapioca industry can enhance its sustainability 
performance and competitiveness.

To promote CE practices in SMEs within the tapioca industry, it is recommended to 
establish industry-wide platforms and knowledge-sharing networks to engage stakeholders 
involving employees, customers, suppliers, and local communities in your environmental 
initiatives. These platforms can facilitate collaboration, knowledge exchange, asymmetric 
information sharing, and best practices dissemination among stakeholders in the supply 
chain management network. Furthermore, policymakers need to develop supportive regula-
tory frameworks and financial mechanisms that encourage SMEs to adopt CE strategies. 
These measures can include tax incentives, grants, and subsidies for investments in circular 
infrastructure, research and development, and employee training.

Additionally, policy support and financial incentives are crucial for SMEs to overcome 
initial investment barriers and fully embrace circular practices [105] Mindset shift and 
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employee training should also be addressed to facilitate the transition to circular systems. 
Through collective efforts, we can create a more sustainable future, not only for the tapioca 
industry but also for other sectors facing similar challenges in adopting CE principles.

This comprehensive approach to sustainable practices exemplifies circular business 
ethics and responsibility that can serve as a model for other business owners. Through 
SMEs’ actions, they inspire others to adopt similar strategies, fostering a more sustain-
able and ethical business landscape. By incorporating innovations in their CE practices, 
the company as shown in a case study contributes to safe products, local material use, and 
water reuse showcasing a holistic approach to business ethics for circularity. The Company 
encompasses ethical considerations related to sustainability, resource efficiency, and envi-
ronmental responsibility, demonstrating its commitment to both business success and ethi-
cal leadership in the CE. The business places a strong emphasis on using local materials in 
their production processes.
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