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Abstract

Background: The utilization of bio-nano fertilizers derived from oil palm waste presents 
an innovative approach to sustainable agriculture, addressing both environmental 
concerns and soil fertility enhancement. Conventional fertilizers often contribute to soil 
degradation and pollution, highlighting the need for eco-friendly alternatives.
Purpose: This study aims to develop a sustainable business model for bio-nano fertilizers 
by integrating economic feasibility, stakeholder perspectives, and nanotechnology 
applications.
Design/methodology/approach: A qualitative research approach was employed, 
combining literature reviews and stakeholder interviews with representatives from 
government, academia, industry, and farming communities. A total of 12 key respondents 
were interviewed for this study. The Business Model Canvas (BMC) approach and 
framework were used to analyze key elements, such as mission, value propositions, 
key activities, key partnerships, key resources, channels, customer segments, customer 
relationships, cost structures, revenue streams, impact, and measurements.
Findings/results: The results of this study indicate that bio-nano fertilizers made from 
micro-cellulose and micro-carbon provide potential benefits, such as increasing soil 
nutrients, controlling nutrient release, and reducing waste. The business model developed 
emphasizes cooperation strategies, a variety of distribution channels, and revenue streams, 
including product sales, licensing, and training services. Policy and regulatory support, 
research investment, and digital marketing integration are important to strengthen and 
expand the adoption of this bio-nano fertilizer innovation.
Conclusion: Bio-nano fertilizers have a strong potential for commercialization, benefiting 
both agricultural productivity and environmental sustainability. This study primarily 
focuses on business modeling and does not address scalability, long-term impacts, or 
policy interventions, as these require extensive field trials, multi-year assessments, and 
policy framework development. Future research should explore these aspects to facilitate 
broader adoption and sustainable implementation.
Originality/value (state of the art): This study presents a novel business model integrating 
waste utilization, nanotechnology, and agribusiness sustainability, contributing to the 
discourse on green innovation and circular economy practices in agriculture.
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INTRODUCTION

Indonesia possesses the largest tropical peatland in the 
world, covering approximately 24.67 million hectares 
(Miles et al. 2017; KLHK, 2020). These peatlands are 
primarily distributed in Sumatra (43%), followed by 
Kalimantan and Papua (Osaki et al. 2016; Ritung et 
al. 2012; Ritung et al. 2011). Peatlands play a crucial 
role in global carbon storage, water regulation, and 
biodiversity conservation. However, there is rapid 
degradation in these peatland ecosystems. From 2006 
to 2016, large-scale peatland conversion accelerated 
due to the expansion of oil palm plantations (2–2.5 
million hectares), industrial tree plantations (3.2 million 
hectares), and the construction of inappropriate canal 
networks (KLHK, 2020; Osaki et al. 2016; Dohong 
et al. 2017; Miettinen et al. 2016). The degradation 
of peatland not only contributes to reducing soil 
fertility but also unbalancing hydrological conditions. 
Furthermore, this degradation will contribute to climate 
change and sustainable agricultural development 
challenges in peatland areas (Mishra et al. 2021; Leng 
et al. 2019).

After the COVID-19 pandemic, the Indonesian 
government has targeted programs to improve national 
food security and mitigate the national food supply 
deficit through food estate development in potential 
agricultural areas including peatland (KLHK, 2020). 
The agriculture and food production programs in 
peatland areas can address national and global food 
supply chain problems as well as ensure food price 
stability and reduce malnutrition after the COVID-19 
pandemic. In addition, the Indonesian government 
launched the national Free Nutritious Meal Program to 
enhance food security and human resource development. 
The objective of this national program is to ensure the 
availability of adequate nutrition for children, pregnant 
women, and vulnerable communities. Therefore, this 
program needs more sustainable food production, 
availability, and supply. To support this program’s 
goals, sustainable agriculture needs to be implemented 
by optimizing low-productive potential land such as 
peatland areas.

One-third of peatland areas in Indonesia can be utilized 
for agricultural practices because of its shallow depth for 
cultivation (Ritung et al. 2011). However, low fertility 
and nutrients as well as high pH acidity in the soil of 
peatland areas are the main challenges in implementing 

agricultural practices (Ridho et al. 2014; Istikorini et 
al. 2022). The agroforestry systems adoption and 
integration between agricultural and plantation crops 
provide a practical solution to improve soil conditions 
and generate more sustainable income for farmers 
service (Hartoyo et al. 2015; Hartoyo et al. 2019). 
Conversely, the conventional monoculture agricultural 
system has several challenges including biodiversity 
limitations and lower revenue problems for farmers 
due to depending on only a single agricultural crop 
income. Agroforestry systems can play an essential role 
in supporting national agricultural and food production 
through soil fertility, farmers’ livelihood, income 
generation, and efficient land use improvement.

Agroforestry systems can be a more sustainable solution 
than monoculture agriculture systems, especially in 
peatland areas. Ridho et al. 2014 and Marinus; 2014 
found that the integration of agroforestry systems 
between Dyera polyphylla (Jelutong) with coffee, oil 
palm, rambutan, and pineapple has environmental 
and economic benefits. Sundawati, et al. 2020 also 
explored the ecological benefit integration between 
Shorea balangeran with oil palm in agroforestry 
systems. Such agroforestry systems not only improve 
sustainable land use but also farmers’ income and 
livelihood. The agroforestry systems approach provides 
several sources of income for farmers while conserving 
peatland areas. However, the main challenges of 
implementing agroforestry systems are the high initial 
investment required and the long period of maturation 
before significant economic returns can be achieved. 
Farmers also experience financial and market access 
constraints that limit the widespread adoption of these 
agroforestry practices.

Soil health and fertility have become a crucial aspect 
of implementing sustainable agricultural practices 
and agroforestry systems in peatland areas. Reduction 
of soil nutrients and increasing greenhouse gas 
emissions are still environmental issues nowadays due 
to the massive and long-term application of chemical 
fertilizers in agriculture practices. Some innovations 
have been researched in nanotechnology for developing 
more sustainable fertilizers. Compared with chemical 
fertilizers, the utilization of these bio-nano fertilizers 
can increase reactivity, surface area, and kinetic 
dissolution. Chitosan has been researched as one of 
the potential raw materials for bio-nano fertilizer 
development (Ohta et al. 2000; Ohta et al. 2004). The 
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food security programs in Indonesia through sustainable 
agriculture production. Therefore, agricultural 
stakeholders, local governments, and smallholder 
farmers can receive benefits by implementing and 
adopting the innovation of sustainable fertilizers from 
micro-cellulose and micro-carbon extracted palm oil 
waste.

The study novelty is one of the innovations in assessing 
a business model for sustainability by developing bio-
nano fertilizers to reduce palm oil waste and increase 
crop production and soil fertility. Such studies have 
not been widely researched in practice. Furthermore, 
the objective of the study is to explore and analyze 
an innovative business model canvas of bio-nano 
fertilizers from micro-cellulose and micro-carbon 
for achieving farm sustainability. By combining the 
agroforestry approach and nanotechnology innovation, 
this study’s findings might provide some benefits, such 
as improvement of soil health, peatland management 
sustainability, and smallholder farmers’ livelihood. 
In addition, the implementation of the research 
findings will be useful in increasing agricultural crop 
productivity, reducing carbon emissions in peatland 
areas, and supporting national food and environmental 
programs in Indonesia.
 

METHODS

This study employs a qualitative research approach 
to analyze the development of bio-nano fertilizers 
on peatlands using oil palm waste. The research 
integrates a combination of literature reviews and 
stakeholder interviews to gather comprehensive data. 
The stakeholders interviewed include representatives 
from local governments (Muaro Jambi District, Jambi 
Province), academics (IPB University and Jambi 
University), farmers, and industry experts who are 
directly involved in peatland agriculture and sustainable 
fertilization practices. A total of 12 key respondents 
were interviewed for this research. The research was 
carried out in West Java and Jambi Provinces from 
November to December 2024.  

The qualitative research design was utilized to develop 
a sustainable business model for bio-nano fertilizers 
based on chitosan from oil palm waste in order 
to support agroforestry systems in peatland areas. 
By combining literature reviews and stakeholder 

advantages of bio-nano fertilizers based on chitosan 
materials are efficiently improve soil nutrients and are 
naturally more biodegraded than other nanomaterials 
(El Tanahy et al. 2012; Wu and Liu, 2008). 

However, the research on socioeconomic and business 
aspects of bio-nano fertilizers based on chitosan is 
still quite limited. The previous studies more focus 
on technical and agricultural aspects without further 
integration with multidisciplinary aspects. The benefits 
of bio-nano fertilizers based on chitosan materials 
therefore can be more beneficial and impactful for 
wider stakeholders through an interdisciplinary 
approach. Some aspects of the socioeconomic and 
business of bio-nano fertilizers that can be studied are 
cost and benefit analysis, supply chain management, 
market development, consumer behavior, and business 
model development. In addition, environmental aspects 
are currently a major concern due to worsening climate 
change. Studies on reducing palm oil plantation waste 
by utilizing it for sustainable agricultural practices are 
still very limited. The fiber from palm oil waste has a 
side function of providing micro-cellulose and micro-
carbon as reinforcing materials for bio-nano fertilizers 
development based on chitosan. Micro-cellulose and 
micro-carbon from palm oil waste fiber can contribute 
to absorbing contaminants and heavy metals, releasing 
soil nutrients slowly, and improving water retention 
(El-Naggar et al. 2018; Farma et al. 2021; Garba et al. 
2019; Maulina and Iriansyah, 2018). Furthermore, the 
excellent absorption function of chitosan-based bio-
nano fertilizers can be used to improve soil quality in 
peatland areas and implement sustainable agricultural 
practices. 

Currently, there is a scientific knowledge gap between 
nanotechnology discoveries in developing bio-nano 
fertilizers and the business economic impact on 
agriculture practice adoption. This business model 
study provides hypothetical and practical solutions for 
addressing this scientific knowledge gap. Therefore, 
the adoption of the business model will contribute to 
solving environmental issues by reducing palm oil waste 
and conserving peatland as well as increasing food 
production. This study will utilize not only agriculture 
and forestry approaches but also socio-economics 
approaches in developing sustainability programs 
for smallholder dairy farms in peatland areas. The 
expected business model results on bio-nano fertilizers 
development can contribute to supporting the national 
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was used as the main data analysis framework. Value 
propositions, key resources,  key activities, key 
partnerships, customer segments, channels, customer 
relationships, cost structure, and revenue streams 
are identified for the business model development 
with nine key elements. Two additional key elements 
(mission and impact measurement) were also added to 
facilitate social, economic, and environmental aspects 
for modifying the sustainable business model canvas of 
bio-nano fertilizers. Formulation eleven key elements 
of this sustainable business model canvas for chitosan-
based bio-nano fertilizers in peatland areas were used 
literature review and stakeholder interview results.

The hypothesis of this study was stated that chitosan-
based bio-nano fertilizer from extracted palm oil 
waste can improve the conditions of peatland area 
environment, including soil fertility improvement. 
Beside that, the innovation of bio-nano fertilizers also 
will provide economic benefits through increasing 
income of smallholder farmers and stakeholders. 
Previous research findings on utilizing chitosan-
based bio-nano fertilizers to improve soil fertility and 
prevent environmental damage were employed to build 
the research hypothesis. Furthermore, the developed 
business model from this research will provide insights 
into the long-term sustainability of agriculture practices 
in Indonesian peatland areas. 

Figure 1 illustrates the framework of this business 
model research using a systematic approach. Firstly, 
the research framework starts by exploring through 
a comprehensive literature review the current 
condition of bio-nano fertilizer innovations and their 
implementation in agroforestry and agriculture practices 
in peatland areas. Scientific journals, government 
reports, and policy brief documents were then used to 
investigate the knowledge gaps in bio-nano fertilizer 
implementation in Indonesian peatland agriculture. 

interviews, this study gathered comprehensive data 
as baseline business model analysis. The stakeholders 
who were directly involved in agriculture practices in 
peatland areas and sustainable fertilizer development 
were interviewed including Muaro Jambi District and 
Jambi Province local governments, IPB University and 
Jambi University researchers, smallholder farmers, and 
industrial experts. In total, there were 12 key informants 
for this business model development research. The 
research was conducted from November to December 
2024 in Jambi and West Java Provinces, Indonesia.

The primary data sources for this study are in-depth 
interviews with key stakeholders, while secondary 
data are obtained from scientific journals, government 
reports, and policy documents related to peatland 
management and nanotechnology applications in 
agriculture. The literature review focuses on previous 
studies regarding the use of nanotechnology-based 
fertilizers, oil palm waste utilization, and sustainable 
business models for agroforestry on peatlands.

The data collection process involves a structured 
review of existing literature alongside semi-structured 
interviews. The literature review helps establish a 
theoretical foundation and identify research gaps, while 
interviews provide insights into real-world applications, 
challenges, and opportunities associated with bio-nano 
fertilizer development. Interviews are conducted using 
purposive sampling, selecting stakeholders based on 
their expertise and relevance to the research topic. The 
transcript of the stakeholders’ interviews was collected 
and extracted to gather relevant topics of bio-nano 
fertilizers from chitosan application.

Qualitative data analysis was employed to formulate, 
develop. visualize, and interpret data as well as the 
results. Business Model Canvas (BMC) based on 
Osterwalder and Pigneur’s (2010) theoretical concept 

Figure 1. Research framework
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analysis, business model development, and research 
synthesizes and recommendations, this research can 
fill the knowledge gap related to bio-nano fertilizers 
technology and socioeconomic implementation for the 
long-term sustainability of peatland agriculture and 
agroforestry.

RESULTS 

Comparative Analysis with Previous Research 
Findings

Chitosan has several better characteristics than 
conventional fertilizer materials, including more 
biodegradable, biocompatible, and controlled-release 
characteristics. Chitosan as a composite or host 
polymer matrix effectively enhances nitrogen control 
release and has stronger mechanical for fertilizers. 
Kusumastuti et al. (2019) demonstrated using chitosan 
combined with polyanion solutions as NPK fertilizer 
coating materials. These combined materials enhanced 
the release efficiency of nitrogen and the mechanical 
resilience of fertilizers. Table 1 summarizes the research 
findings of chitosan development and utilization as bio-
nano fertilizer materials. 

This study has elaborated some insights from previous 
studies to explore value proposition of business model 
development of bio-nano fertilizers from chitosan. Bio-
nano fertilizers made from chitosan have been widely 
researched and developed, including conventional 
applications and advanced implementations using 
nanotechnology.

Based on Wu and Liu (2008), chitosan materials can 
be served as fertilizer coating and additive contents. 
Kumar et al. (2020) also found that the benefits of 
chitosan materials for bio-nano fertilizers development 
in enhancing soil fertility and the growth of agricultural 
crops.

Ohta et al. (2000) investigated the effect of chitosan as 
additive materials with or without nitrogen treatment 
using conventional nanotechnology on seedling growth 
of agricultural crops in early stage. Ohta et al. (2024) 
also explored that chitosan materials can enhance 
nutrient availability in the soil, serve as soil guard 
material, and contribute to agricultural crop growth. 
Kumaraswamy et al. (2018) in their research found that 
bio-nano fertilizers using chitosan can stimulate and 

Second, the next step is to interview relevant 
stakeholders such as local government representatives, 
researchers, smallholder farmers, and industrial experts 
who are experienced in agriculture development 
in peatland areas. The interviewed stakeholders 
provide their empirical insights, local knowledge, and 
suggestions for developing a sustainable business model 
of bio-nano fertilizers. In addition, the challenges and 
opportunities of this innovative business model were 
also identified based on interview sections.

Third, thematic and qualitative data analyses 
were conducted to formulate a business model for 
developing bio-nano fertilizers based on a literature 
review and interview insights. Fourth, the business 
model canvas approach was then applied to examine 
eleven key elements of the modified Osterwalder and 
Pigneur’s (2010) business model, including value 
propositions, key activities, key partnerships, customer 
relationships, customer segments, channels, key 
resources, cost structure, revenue streams, mission, 
and impact measurements. The identified elements 
contribute to constructing a sustainable business model 
canvas of bio-nano fertilizers for peatland agriculture 
in Indonesia.

Finally, the findings from all research framework 
steps (literature review, stakeholder interviews, data 
analysis, and business model development) were 
utilized for the synthesis step to gather comprehensive 
insights into formulating a rational and viable business 
model. In addition, this step contributes to exploring 
interconnection among all eleven key elements 
of the business model. This step also provides 
recommendations for the implementation and adoption 
of bio-nano fertilizers in peatland agriculture while 
reducing palm oil waste. The recommendations include 
practical solutions, policy strategies, and suggestions 
related to multidisciplinary aspects (social, economic, 
business, and environmental aspects) in supporting the 
long-term sustainability of peatland agriculture and 
food production. Relevant stakeholders can use these 
recommendations for the wider impact of bio-nano 
fertilizer innovations. 

Furthermore, a comprehensive and well-developed 
research framework can ensure the rational 
implementation of the bio-nano fertilizer business 
model and gather higher potential social, economic, 
and environmental impact in practices. By combining 
scientific literature, stakeholder interviews, data 
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of chitosan as bio-nano fertilizers. This chitosan 
ability will be beneficial for helping bio-nano 
fertilizer business model development, especially for 
agricultural practices in peatland areas. These peatland 
areas are very challenging for plantation in gathering 
adequate soil nutrients. Kumar et al. (2020) explored 
the function of chitosan in NPK fertilizers development 
that could increase the nutrient absorption efficiency of 
plantations.

Besides many benefits investigated in several literature, 
bio-nano fertilizers based on chitosan also face 
some challenges in the implementation. As example, 
research by Khalifa and Hasaneen (2018) identified 
potential negative environmental impacts of NPK 
fertilizer development using nanotechnology. Their 
findings also suggested conducting further research to 
prevent and mitigate negative environmental impacts 
on the environment from fertilizers development 
using nanotechnology. This business model study 
might provide the insights for solving this issue by 
exploring more positive impacts of development 
bio-nano fertilizers using chitosan as main material. 
Furthermore, insights on chitosan-based bio-nano 
fertilizers from previous literature and model business 
development of this study will contribute to support 
sustainable agriculture practices in peatland areas. 

maintain the growth of agricultural crops. Improvement 
of agricultural crop growth will be beneficial for 
accelerating food production in peatland areas.

Based on Jamnongkan and Kaewpirom (2010) and 
Kusumastuti et al. (2019), chitosan as bio-nano 
fertilizer material has potential advantage in controlling 
nutrient release in the soil. In addition, Wu and Liu 
(2008) has examined the bio-nano fertilizer which 
coated and compounded by chitosan can contribute 
to increase water retention, reduce nutrient leaching 
risk, and improve nutrient release control capacity in 
the soil. These findings provide insights into this study 
for developing value proposition of business model 
of bio-nano fertilizers made from chitosan due to its 
benefit improving peatland soil conditions. Abdel-Aziz 
et al. (2016a) and Abdel-Aziz et al. (2016b) have also 
investigated in their studies that bio-nano fertilizers 
from chitosan contribute to reduce environmental 
impacts due to their capability in increasing soil 
conditions and nutrient absorption efficiently.

Research conducted by Santos et al. (2025) found 
that chitosan as nano material for bio fertilizers can 
enhance the ability for keeping the nutrient availability 
in the soils effectively in long-term periods. Santos 
et al. (2025) also used the time-domain reflectometry 
for analyzing the nutrient control release ability 

Table 1. Chitosan-based bio-nano fertilizers research and development findings, technology, and application
Research development Technology Application

Effect of chitosan with or without nitrogen treatment on seedling 
growth (Ohta et al., 2000) 

Conventional Additives or input materials

Chitosan-soil mixture for seedling growth (Ohta et al., 2004) Conventional Additives or input materials
Chitosan-coated compound fertilizer for products with controlled 
release capacity and good water retention (Wu and Liu, 2008)

Conventional Host or coating

Chitosan-based bio-nano fertilizers controlled release (Jamnongkan and 
Kaewpirom, 2010, Kusumastuti et al., 2019)

Conventional Host or coating

Preliminary study of NPK fertilizer into chitosan nanoparticles (Kumar 
et al. 2020)

Nanotechnology Host or coating

Time-domain reflectometry (TDR) analysis of chitosan-montmorillonite 
microspheres and its controlled release in bio-nano fertilizers (Santos et 
al., 2015)

Conventional Host or coating

Bio-nano fertilizer based on chitosan (Abdel-Aziz et al., 2016a, Abdel-
Aziz et al., 2016b)

Nanotechnology Host or coating

Chitosan-based nanomaterial engineered for plant growth and 
protection (Kumaraswamy et al., 2018)

Nanotechnology Additives or input materials

The negative effect of chitosan-PMAA-NPK bio-nano fertilizer 
(Khalifa and Hasaneen , 2018)

Nanotechnology Host or coating
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more impactful for practical solution. There are nine key 
elements identified based on original business model 
canvas developed by Osterwalder and Pigneur’s (2010) 
which consists of: value propositions, key activities, 
key partnerships, customer relationships, customer 
segments, channels, key resources, cost structure, 
revenue streams. This study has also identified two 
additional key elements including: mission, and impact 
measurements for accommodating sustainability 
aspect of business model for chitosan based bio-nano 
fertilizers development in Indonesian peatland areas.

Sustainable Business Model Analysis for Bio-Nano 
Fertilizers

Figure 2 illustrates the results of sustainable business 
model development and analysis for bio-nano 
fertilizers. This business model was investigated 
based on previous comparative analysis findings and 
stakeholders’ interview as well as their validation. 
By combining literature review and stakeholders’ 
interview, the bio-nano fertilizer business model might 
provide comprehensive knowledge and insights into 

Business Model Canvas (BMC) of Bio-nano Fertilizers Based on Chitosan for Supporting Sustainable Agriculture Practices
Mission: 1) Improving soil nutrients, 2) Reducing palm oil waste, 3) Increasing food production, and

4) Improving community livelihood
Key Partners
•	 Academic
•	 Research center
•	 Government
•	 Farmers
•	 Manufacture 
•	 Traders
•	 NGO

Key Activities
•	 Research development
•	 Production
•	 Dissemination
•	 Partnership
•	 Marketing
•	 Training

Value Propositions
•	 Bio-nano fertilizers 

made from chitosan 
by utilizing oil palm 
waste in supporting to 
improve soil nutrient, 
food production and 
increase community 
livelihood.

Customer Relationships
•	 Partnership contract
•	 After sales
•	 Dedicated personal 

assistance

Customer Segments
•	 Company
•	 Local government
•	 Farmers

Key Resources
•	 Capital
•	 Production equipment 

and materials
•	 Human resources
•	 Finance

Channels
•	 Direct selling
•	 Contract
•	 Marketplace
•	 Offline store

Cost Structure
•	 Operating costs
•	 Marketing costs
•	 Production cost
•	 Research and development costs

Revenue Streams
•	 Bio-nano fertilizer sales
•	 Procurement
•	 Royalty
•	 Training and services

Impact and Measurement:
Impact
•	 Improved soil nutrient
•	 Reduced palm oil waste
•	 Increased food production
•	 Increased community livelihood

Measurement
•	 Soil nutrient level
•	 Palm oil waste weight
•	 Food production
•	 Community income

Figure 2. Sustainable business model canvas (BMC) of chitosan-based bio-nano fertilizers
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Finally, value proposition in economic aspect of this 
business model was supporting circular economy by 
converting palm oil waste into economically benefits 
product such bio-nano fertilizers. Bhagat et al. (2023) 
and Sharma et al. (2024) highlighted that sustainable 
agricultural practices can be achieved by implementing 
circular economy and by combining with ecological 
benefits.

Key Activities

The key activities from developed business model 
canvas for bio-nano fertilizers were research and 
development, production, dissemination, marketing, 
partnerships, and training. These key activities were 
identified based on value propositions and the stated 
mission of business model. Research and development 
become initial and important activities for ensuring 
the implementation of bio-nano fertilizers as expected. 
Studies from Chakraborty et al. (2023) and Aliyari 
Rad et al. (2023) suggested that bio-nano fertilizer 
innovation from organic waste has benefit to enhance 
soil condition and nutrient release. This finding inline 
with our business model canvas that stated producing 
bio-nano fertilizers might reduce oil palm waste. 
After research and development as well as production 
activities have been done, the innovation need to be 
disseminated to stakeholders through socialization 
and promotion agenda. Partnership and marketing 
activities were also important for ensuring the bio-nano 
fertilizers product reaches potential customer segments. 
In addition, the targeted customers should receive 
adequate knowledge regarding bio-nano fertilizers 
through training activities before product adoption 
and application on their agricultural field in peatland 
areas. Grimm and Luck (2020) found that training 
activities such advisory support and personal approach 
can contribute to improve adoption and application of 
product.

Key Resources and Partnerships

For  implementing key activities above, the 
identification of key resources was very crucial, 
including capital, production, financial, and human 
resources. When the business unit of bio-nano fertilizers 
does not have all key resources, the business unit need 
to have partnerships with several stakeholders. Several 
potential key partners from public and private sectors 
who can support the sustainability of bio-nano fertilizers 
business model are universities, research centers, 

Mission and Impact Measurement

Mission of business model development of this study 
was inspired by sustainability aspects which consist 
of environmental, social, and economical aspects. The 
environmental mission of bio-nano fertilizers business 
model development was to improve soil nutrients 
and conditions in peatland areas by utilizing organic 
waste from oil palm. Based on Varjani et al. (2021), 
Chojnacka el al (2023), and Chojnacka et al. (2024) 
which found that organic waste from agricultural sector 
can be utilized as materials to improve soil nutrients 
and conditions in the long-term. The social mission of 
business model for bio-nano fertilizer was to promote 
food production and availability for community in 
the local and national levels. Bhupendra et al. (2022) 
found that fertilizers development form bio or organic 
waste contribute to higher agricultural production as 
well as mitigating environmental issues. The economic 
mission of this business development is increasing 
smallholder farms’ revenue and improving community 
livelihood. This mission was in line with Chojnacka 
et al. (2024) emphasized the potential benefit of 
organic waste utilization for developing bio-fertilizers 
as implementation of circular economy concept. The 
impact and measurement that were expected from 
bio-nano fertilizers development consist of improved 
soil nutrient (environmental), reduced palm oil waste 
(environmental and social), increased food production 
(social), and increased community income and 
livelihood (social and economical). 

Value Proposition

As start-up business, this bio-nano fertilizers made from 
organic waste (chitosan extracted from palm oil waste) 
provides more potential benefits as value propositions 
compared to conventional chemical fertilizers. 
Several benefits were explained in more detail in the 
previous section that analyze comparatively from 
literature finding regarding bio-nano fertilizer benefits 
for increasing soil fertility, nutrient absorption, and 
agricultural crop growth (Wu and Liu, 2008; Santos et 
al. 2025, Kumar et al. 2020). This value proposition 
also supported by findings from Chojnacka et al. 2020, 
Kurniawati et al. 2023 that emphasized fertilizers made 
from organic based can improve soil fertility and nutrient 
compared to chemical fertilizers. In addition, value 
proposition of this bio-nano fertilizer business model 
provides practical solution that more environmental 
friendly considering its benefit to reduce palm oil waste. 
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combination among muti distribution channels (offline 
and online) for reaching wider customer segments.

Cost Structure and Revenue Streams

For implementing key activities of bio-nano fertilizers 
business model, there are several costs need to be 
invested and incurred. These costs include research 
and development costs, operating costs, production 
costs, and marketing costs. Costs identification will 
support the stakeholders in calculating feasibility of 
the business model through comparing with revenue 
streams. Research and development costs include all 
costs for conducting research for improving bio-nano 
fertilizers products quality. This is in line with research 
by Sekhon (2014) and Kim et al. (2018) emphasized 
the need of research and development investments for 
nanomaterials-based fertilizers to improve sustainable 
business and long-term economic benefits by enhancing 
efficiency and reducing production costs. Operating 
and production costs consist of raw materials, additive 
materials, packaging, and other variable as well 
as fixed costs. Finally, marketing costs include the 
expenses for promotion, distribution channels, and 
customer relationships costs. Meanwhile, the business 
model of bio-nano fertilizers also offers several 
revenue streams such as product sales, procurement 
contract fee, and royalty from intellectual property 
rights, as well as training and services. Additionally, 
training and consultancy services offer supplementary 
income while reinforcing product awareness and 
adoption. Similar diversified revenue models have 
been successfully applied in sustainable agricultural 
enterprises, increasing financial stability and long-term 
growth (Barnes et al. 2015, Therond et al. 2017). The 
diversification of revenue streams enhances financial 
stability and ensures long-term business viability.

The findings from this study align with previous 
research on the economic feasibility of bio-nano 
fertilizers and sustainable agricultural innovations. 
Earlier studies have emphasized the importance of 
cost-effective and environmentally friendly fertilizers, 
but limited research has focused on the utilization of 
oil palm waste as a raw material for bio-nano fertilizer 
production. This study addresses that gap by presenting 
a sustainable business model that integrates waste 
valorization with nanotechnology-based fertilizer 
development. These have highlighted the potential 
of nanotechnology in improving crop yields and 
soil health. Their research demonstrates that nano-

local governments, farmers, manufacturers, traders, 
and non-governmental organizations (NGOs). Based 
on Pandey et al (2021), partnerships with public and 
private sectors can contribute to improve production 
and marketing activities of innovations that support 
agriculture sustainability. Furthermore, partnership 
with farmers group and cooperative can enhance the 
adoption rates and economic feasibility of sustainable 
agriculture products (Maghirang et al. 2021, Sia et al. 
2025). 

Customer Segments and Relationships

The customer segments of bio-nano fertilizers 
business model include farmers, local governments, 
and companies or manufactures. More specific 
characteristics of these customer segments who are 
finding more sustainable fertilizers while economically 
and environmentally feasible. Therefore, Stewart et al 
(2015) and Lalani et al (2016) found that farmers willing 
to adopt innovative fertilizers when they receive more 
productions and less costs in implementing agricultural 
practices. Customer relationship activities were needed 
to deliver value propositions of bio-nano fertilizers 
to targeted customer segments. Several customer 
relationship activities of this business model include 
partnership contract, after sales services, and personal 
assistance. Based on Legesse et al (2019), the fertilizer 
distribution through personal assistance as customer 
relationship programs can contribute to farmers’ 
customer segment access and long-term adoption.

Distribution Channels

In term of reaching customer segments and delivering 
value propositions of bio-nano fertilizers, distribution 
channels were needed to be identified. Distribution 
channels of bio-nano fertilizers include direct selling 
to customer segments (farmers, local governments, 
and companies), contract agreement, selling through 
marketplaces and offline stores. Combining offline and 
digital platforms of distribution channels is important 
to expand targeted customer. Research of Deichmann 
et al.  (2016) investigated that digital platform 
can contribute to enhance agricultural inputs such 
fertilizers’ distribution and increase market access as 
well as transparency. Furthermore, based on Zhang et 
al. (2021) and Bernabei et al. (2022) multi distribution 
channels can improve farmers’ accessibility to 
agricultural sector inputs. Business model developed 
for bio-nano fertilizers in this study identified the 
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support plays crucial role in implementing this bio-
nano fertilizers through policy and regulation which 
promoting sustainable agricultural practices in peatland 
areas.

Recommendations

This study was more focused on business model 
development of bio-nano fertilizers by utilizing 
chitosan from oil pail waste. Future research should 
explore these aspects to facilitate broader adoption and 
sustainable implementation. Future research should 
focus on field trials to assess the long-term agronomic, 
economic, and environmental impacts of bio-nano 
fertilizers. Additionally, exploring policy interventions 
tailored to different agricultural contexts will be 
essential for ensuring sustainability and scalability. By 
continuously refining production processes, expanding 
market outreach, and fostering collaborative efforts, 
bio-nano fertilizers have the potential to become a 
mainstream solution for sustainable agriculture.
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