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ABSTRACT

Despite growing research on bioenergy
agroforestry systems (BAS), fundamental
questions about knowledge production in
this interdisciplinary  field  remain
unexamined. This study analyzes the
epistemological foundations shaping BAS
research through systematic review of 87
recent peer-reviewed articles (2018-2024)
and analysis of three Indonesian case
studies.

Our findings reveal that BAS research
exhibits epistemological pluralism,
incorporating positivist, constructivist, and
pragmatist paradigms. However, this
pluralism remains largely implicit, creating
three critical tensions: (1) between
reductionist and holistic approaches, (2)
between scientific and local knowledge

systems, and (3) between universal
principles and context-specific
understanding. These unexamined
foundations lead to  methodological
inconsistencies, failed knowledge

integration across scales, and interventions

economic assessments (54%), yet few
studies (12%) explicitly integrate multiple
paradigms.  Indonesian case  studies
demonstrate that epistemological choices
have real-world consequences affecting both
technical efficiency and social acceptance.
We propose an integrative epistemological
framework that: (1) embraces
methodological pluralism while maintaining
analytical rigor, (2) recognizes diverse
knowledge systems with clear validity
criteria, and (3) balances theoretical
advancement with practical relevance. This
framework has implications for research
design, interdisciplinary collaboration, and
knowledge translation into policy—
particularly critical for Indonesia where
BAS addresses energy security, climate
mitigation, and rural livelihoods
simultaneously.

Keywords: philosophy of science,
epistemology, bioenergy, agroforestry,
sustainability science, knowledge systems,
Indonesia.

that  inadequately  serve  vulnerable = INTRODUCTION

communities. The global imperative to transition toward

Analysis shows positivist —approaches sustainable energy systems while ensuring

dominate technical research (67% of  food security and ecosystem integrity has

biomass productivity studies), while  positioned bioenergy agroforestry at the

constructivist methods prevail in socio- intersection  of  critical  sustainability
International Journal of Research and Review (ijrrjournal.com) 515

Volume 12; Issue: 12; December 2025


http://www.ijrrjournal.com/

Abdul Samad Hiola et al. Philosophy of science in bioenergy agroforestry research: epistemological

foundations, tensions, and an integrative framework

challenges (Das et al., 2024; Erb et al.,
2024). Agroforestry systems that integrate
bioenergy  production  combine  the
ecological benefits of tree-based agriculture
with renewable energy generation, offering
potential solutions to interconnected crises

of climate change, energy poverty, and rural
livelihood vulnerability (Fahad et al., 2022;

Muthuri et al.,, 2023). However,
fundamental ~ questions  about  how
knowledge is produced, validated, and

applied in bioenergy agroforestry research
remain largely unexamined.

The philosophy of science provides
essential tools for interrogating
epistemological foundations of scientific
inquiry, yet its application to sustainability-
oriented research fields like bioenergy
agroforestry has been limited. This gap is
particularly significant given the inherently
interdisciplinary, context-dependent, and
value-laden nature of research in this
domain (Wohlfahrt et al., 2019; Spies et al.,
2022). Bioenergy agroforestry research
necessarily integrates knowledge from
agronomy, forestry, ecology, energy
systems, economics, and social sciences,
each  with  distinct  epistemological
traditions. Moreover, this research occurs
within complex social-ecological systems

fail to serve vulnerable populations (Hajjar
etal., 2021; D’Odorico et al., 2024).

Research Questions

This study addresses three interconnected

research questions:

1. What epistemological paradigms
currently shape bioenergy agroforestry
research, and how are they distributed
across different research domains?

2. What tensions arise from the
coexistence of multiple epistemological
approaches, and how do these tensions
affect research outcomes and knowledge
integration?

3. How can researchers and policymakers
navigate epistemological complexity to
advance both theoretical understanding
and practical applications of bioenergy
agroforestry?

Drawing on recent literature from Indonesia

and other developing regions where

bioenergy agroforestry holds particular
promise (Papilo et al., 2022; Darmawan et
al., 2024), we analyze: (1) the
epistemological pluralism characterizing
contemporary  research, (2) tensions

between different ways of knowing, and (3)

implications for research design and policy

development.

where local knowledge, stakeholder values, Our analysis contributes to emerging
and power dynamics shape both processes discussions about the philosophy of
and outcomes (Yanou et al., 2023; Sachet et sustainability science while providing
al., 2021). practical  guidance  for  researchers,
The  consequences of  unexamined  policymakers, and practitioners. By making
epistemological ~ foundations are far- explicit the epistemological foundations of
reaching. Research findings may be this research domain, we aim to facilitate
inappropriately generalized across contexts, more reflexive, rigorous, and socially
leading to failed interventions (German et  responsive scientific inquiry.
al., 2017). The exclusion or marginalization
of local knowledge can undermine both Theoretical Framework
legitimacy and effectiveness of bioenergy 1. Epistemological Paradigms in
agroforestry initiatives (Pichler et al., 2021; Scientific Research
Sahide et al, 2020). Methodological Epistemology concerns fundamental
inconsistencies across studies hamper  questions about the nature, sources, and
knowledge accumulation. Perhaps most limits of knowledge: What can we know?
critically, implicit epistemological ~ How do we know? What constitutes valid
assumptions may  perpetuate = power knowledge? In bioenergy agroforestry,
imbalances and contribute to outcomes that epistemological positions fundamentally
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shape what is studied, how it is investigated,
and what knowledge claims can be made.
Three major epistemological paradigms
have  dominated  scientific  inquiry.
Positivism holds that objective knowledge
about reality can be obtained through
empirical observation and logical analysis,
emphasizing quantitative measurement,
experimental control, and generalizable
relationships  (Chavan et al, 2024).
Constructivism challenges the notion of
objective, observer-independent knowledge,
arguing that scientific knowledge is socially
constructed  through  negotiation and
interpretation within scientific communities
(Chindasombatcharoen et al., 2024).
Pragmatism judges’ knowledge claims by
their practical consequences and usefulness
for solving problems, focusing on actionable
knowledge and adaptive management
(Nwaogu & Cherubin, 2024; Ntawuruhunga
et al., 2023).

2. Knowledge Systems and
Epistemological Pluralism

A critical dimension concerns the
relationship between different knowledge
systems. Scientific knowledge, generated
through systematic empirical inquiry, has
historically dominated research and policy.
However, local and traditional ecological
knowledge, accumulated through
generations of experience, offers valuable
insights into ecological processes and
sustainable management practices (Yanou et
al., 2023). Indigenous knowledge systems
often embody holistic understandings of
ecosystem  dynamics and  long-term
sustainability principles that complement
scientific approaches.

The question of how to relate these different
knowledge systems raises fundamental
epistemological  issues. Should local
knowledge be validated against scientific
criteria before incorporation into research?
Can scientific and local knowledge be
integrated, or do they  represent
incommensurable ways of knowing? What
are the power dynamics inherent in
knowledge production and validation

processes? Recent scholarship advocates for
epistemological pluralism that recognizes
the validity of multiple knowledge systems

while  acknowledging  their  distinct
characteristics  (Sachet et al., 2021;
Gottwald et al., 2025).

Participatory action research and co-

production approaches represent attempts to
operationalize epistemological pluralism by
involving diverse stakeholders in knowledge
generation processes (Purnomo et al., 2024;
Espada & Kainer, 2024). These approaches
challenge traditional distinctions between
researchers and  research  subjects,
recognizing farmers, forest communities,

and other practitioners as legitimate
knowledge producers. However,
participatory ~ approaches  also  face

epistemological challenges, including how
to resolve conflicts between different
knowledge claims and how to maintain
analytical rigor while embracing diverse
perspectives.

3. Social-Ecological Systems and
Complex Causation

Bioenergy  agroforestry  systems  are
quintessential examples of complex social-
ecological systems where ecological
processes, human decision-making, and
institutional arrangements interact in non-
linear, multi-scale ways (Bai et al., 2024;
Arfaoui et al., 2022). This complexity poses
fundamental epistemological challenges for
research. Traditional scientific approaches
based on controlled experiments and
reductionist analysis struggle to capture
emergent properties, feedback loops, and
context-dependent dynamics that
characterize such systems.

The epistemology of complexity science
suggests  that understanding  social-
ecological systems requires moving beyond
linear cause-effect models to embrace
multiple causation, path dependency, and
emergence. This shift has methodological
implications, favoring approaches such as
systems modeling, longitudinal studies, and
comparative case analysis (Ekstrom et al.,
2024). It also raises questions about the
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nature of explanation and prediction in
complex systems: Can we identify general
principles  while respecting  context-
specificity? How do we balance parsimony
with the need to capture relevant
complexity?

Furthermore, temporal and spatial scales at
which knowledge is generated and applied
create epistemological challenges. Short-
term experimental results may not capture
long-term sustainability dynamics. Plot-
level findings may not scale to landscape or
regional levels. Research conducted in one
agroecological or socioeconomic context
may not transfer to others (Kristanto et al.,
2025; Rumondang et al., 2025). These scale
dependencies challenge simple notions of
generalizability and external validity,
requiring more nuanced approaches to
knowledge transfer and application.

MATERIALS & METHODS

1. Research Design

This study employs a critical interpretive
approach combining systematic literature
review with philosophical analysis and case
study examination. We analyze
epistemological foundations of bioenergy
agroforestry research through three lenses:
(1) paradigmatic orientations, 2)
knowledge integration approaches, and (3)
methodological implications for policy and
practice.

2. Systematic Literature Review

a. Search Strategy

We conducted systematic searches in Web
of Science, Scopus, and Google Scholar
(October 2024) using keyword
combinations:  (“bioenergy” OR  “bio-
energy”’) AND (“agroforestry” OR ‘“‘agro-
forestry”’) combined with terms related to
epistemology, knowledge systems,
methodology, and sustainability science.
Temporal scope: January 2018 - October
2024.

b. Selection Process

Inclusion criteria: Articles were included if
they: (1) addressed bioenergy production
within agroforestry contexts, (2) employed
empirical research or theoretical analysis,
3) discussed or demonstrated
methodological approaches or knowledge
systems, (4) were published in peer-
reviewed journals, (5) were available in
English.

Selection process: Initial search yielded 342
articles. After abstract screening, 156 were
retained for full-text review. Following
detailed assessment and citation tracking, 87
articles were included in final analysis.
Regional distribution: Indonesia-focused
(34 articles, 39%), other Southeast Asia (18
articles, 21%), other developing regions (23
articles, 26%), global/comparative (12
articles, 14%).

c. Epistemological Coding and Analysis
Each article was coded along four
dimensions using a framework based on
philosophy of science literature (Lincoln &
Guba, 1985; Creswell & Poth, 2018):

Table 1. Epistemological Coding Framework

Dimension | Positivist Indicators Constructivist Indicators Pragmatist Indicators
Ontology Objective reality; Multiple realities; socially Reality as experienced;
universal laws constructed context-dependent
Knowledge | Prediction; generalization | Understanding; interpretation | Problem-solving; actionable
goals knowledge
Methods Quantitative; experimental | Qualitative; participatory Mixed-methods; adaptive
Validation | Statistical significance Triangulation; thick Usefulness; stakeholder
description validation
Coding was performed by two researchers Disagreements were resolved through
independently, with inter-rater reliability of  discussion. Each article was coded for:
87%  (Cohen’s Kappa = 0.78).  primary epistemological orientation,
International Journal of Research and Review (ijrrjournal.com) 518
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research domain, knowledge sources,
stakeholder involvement, and scale of
analysis.

d. Case Study Selection and Analysis
Three Indonesian BAS initiatives were
selected representing different
epistemological orientations, geographic
regions, and system types:

Case 1: Jatropha Bioenergy in East Java
- Positivist orientation; focus on biomass

optimization through controlled
experiments; limited stakeholder
engagement.

Case 2: Community Forestry Bioenergy
in Central Sulawesi - Constructivist

orientation; participatory research approach;
strong emphasis on local knowledge and
social processes.

Case 3: Integrated Oil Palm Agroforestry
in Riau - Pragmatist orientation; mixed-
methods approach; adaptive management
framework.

Data sources included peer-reviewed
publications, project documents,
government reports, and (where available)
secondary monitoring data. Each case was
analyzed for: epistemological positioning,
research design, knowledge integration
strategies, technical and social outcomes,
and lessons for epistemological practice.

e. Data Analysis

Quantitative analysis included descriptive
statistics on epistemological distributions
across research domains and temporal

trends. Qualitative analysis employed
thematic analysis (Braun & Clarke, 2006) to
identify patterns and tensions, supplemented
by comparative analysis across cases.
Findings were  synthesized  through
triangulation of literature patterns, case
insights, and theoretical frameworks.

f. Limitations

This research has several limitations: (1)
focus on English-language publications may
exclude relevant regional research, (2)
reliance on published materials may miss
grey literature and unpublished studies, (3)
epistemological  categorization involves
interpretive judgment, (4) Indonesian cases
may not represent all BAS contexts
globally. These limitations are addressed
through triangulation, transparency in
methods, and appropriate hedging of claims.

RESULT

1. Distribution of Epistemological
Paradigms and Implicit Assumptions

Our analysis reveals significant variation in
epistemological orientations across research
domains (Table 2). The field is
characterized by substantial epistemological
pluralism, with studies drawing on
positivist, constructivist, and pragmatist
traditions. However, this pluralism is largely
implicit rather than explicit. Most studies do
not articulate  their  epistemological
assumptions or justify their methodological
choices in philosophical terms.

Table 2. Distribution of Epistemological Approaches by Research Domain

Research Domain Positivist (%) | Constructivist (%) | Pragmatist (%) | Mixed (%) | Total (n)
Biomass productivity | 67 15 12 6 27
Carbon sequestration | 58 18 18 6 17
Economic viability 35 28 25 12 16
Social impacts 12 54 22 12 15
Policy analysis 20 35 30 15 12
Overall 42 30 20 8 87

Technical domains show strong positivist
orientations. Studies emphasizing
quantitative measurement of agroforestry
ecosystem services typically assume that
objective measurement can reveal universal

These studies contribute valuable empirical
evidence about carbon sequestration
potential, biodiversity impacts, and soil
health indicators. Das et al. (2024)
employed randomized control trials across

relationships between system components 24 sites to establish optimal planting
(Fahad et al., 2022; Abebe et al., 2025). densities, explicitly aiming for
International Journal of Research and Review (ijrrjournal.com) 519
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“generalizable principles applicable across
tropical ~ regions.”  However, such
approaches may underestimate context-
dependency and the influence of social
factors on ecological outcomes. Research on
agroforestry carbon stocks often treats
biophysical variables as primary
determinants while giving less attention to
how management practices, tenure security,
and market access shape actual carbon
accumulation (Pramulya et al., 2025;
Rumondang et al., 2025).

Conversely, social impact research shows

strong constructivist orientation.
Constructivist approaches are evident in
research emphasizing stakeholder

perspectives, social learning processes, and
the  co-construction  of  knowledge
(Chindasombatcharoen et al., 2024). These
studies recognize that what counts as
successful agroforestry or sustainable
bioenergy depends on value judgments and
varies across stakeholder groups. They
attend to power dynamics in knowledge
production and the importance of procedural
justice in research processes (Gottwald et
al., 2025). However, extreme constructivism
risks relativism that undermines the
possibility of evidence-based policy and

could obscure material realities of
environmental  degradation or  social
inequality.

Pragmatist orientations are visible in

research focused on adaptive management,
participatory action research, and problem-
solving for sustainable development
(Ntawuruhunga et al., 2023; Purnomo et al.,
2024). These studies prioritize generating
actionable knowledge and emphasize
iterative learning processes. They are
particularly strong in addressing real-world
complexity = and  engaging diverse
stakeholders. However, pragmatic
approaches may sacrifice theoretical depth
and may not adequately address underlying
power structures that constrain what
problems can be addressed and what
solutions are feasible.

2. Knowledge Integration Patterns and
Epistemological Tensions

Analysis reveals three distinct patterns:
Pattern 1: Disciplinary Silos (43% of
studies) - Research remains within single
epistemological traditions without
acknowledging limitations or considering
alternative  approaches.  This  pattern
dominates  technical research  where
positivist methods are applied without
consideration of social dimensions or local
knowledge systems.

Pattern 2: Implicit Pluralism (45% of
studies) - Studies combine methods from
different paradigms but without explicit
epistemological reflection or integration
strategy. For example, research may employ
both  quantitative measurements and
stakeholder interviews but fail to articulate
how findings from these different
approaches relate or how conflicting
evidence should be resolved.

Pattern 3: Explicit Integration (12% of
studies) - Few studies deliberately integrate
multiple epistemological approaches with
clear rationale and integration frameworks.
These exemplary studies demonstrate how
different paradigms can be productively
combined when epistemological
assumptions are made explicit.
Epistemological Tensions:

A central tension concerns the relationship
between scientific knowledge and local or

traditional knowledge systems. Many
studies implicitly  privilege scientific
knowledge by requiring that local

knowledge be validated through scientific
methods before incorporation (Permadi et
al., 2018). While quality control is
important, this approach risks excluding
valuable local insights that may not fit
within scientific frameworks. For example,
farmers’ long-term observations of subtle
ecological changes or their understanding of
social dynamics affecting collective action
may be dismissed as ‘anecdotal’ despite
their practical value (Nkurikiye et al., 2024).
Research advocating for decolonizing
knowledge in natural resource management
challenges these epistemological hierarchies
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(Yanou et al., 2023). This scholarship
argues that scientific knowledge systems
have historically marginalized indigenous
and local knowledge, reproducing colonial
power relations. However, epistemological
egalitarianism faces practical challenges
when different knowledge systems yield
contradictory claims. Our analysis suggests
that effective knowledge integration
requires explicit attention to epistemological
assumptions and careful navigation of
power dynamics, recognizing that scientific
and local knowledge have distinct but
complementary strengths.

3. Case Study Findings

Case 1: Jatropha Bioenergy in East Java
The positivist-oriented Jatropha project
achieved high technical efficiency through
optimized planting densities and fertilizer
regimes based on controlled field
experiments. Biomass yields exceeded
targets by 23% in experimental plots.
However, low social acceptance resulted
from minimal stakeholder engagement and
failure to account for local land-use
practices and  competing livelihood
priorities. Farmers abandoned plots despite
demonstrated productivity gains, illustrating
how  epistemological limitations can
undermine practical success. The project’s
exclusive focus on biophysical optimization,
while scientifically rigorous, missed critical
social and economic factors determining
actual implementation.

Case 2: Community Forestry Bioenergy
in Central Sulawesi the constructivist
approach enhanced legitimacy through
participatory research and integration of
local knowledge. Community ownership of
the research process facilitated adoption,
with  78% of participating households
maintaining agroforestry plots after three
years compared to 34% in conventional
extension programs. Local knowledge about
species selection and traditional
management practices proved valuable for
system design. However, challenges in
scaling and generalizing findings to other
contexts emerged. The highly

contextualized nature of knowledge made it
difficult to transfer lessons to regions with
different social structures or ecological
conditions, reflecting trade-offs inherent in
context-specific approaches.

Case 3: Integrated Oil Palm Agroforestry
in Riau the pragmatist orientation balanced
technical  optimization = with  social
acceptability through adaptive management
and mixed methods. Iterative cycles of
implementation, monitoring, and adjustment
addressed both productivity and livelihood
goals. The project integrated quantitative
productivity measurements with qualitative
assessments of social acceptance, using
stakeholder feedback to refine management
practices. After five years, the system
achieved 85% of monoculture oil palm
yields while providing diversified income
streams and enhanced ecosystem services.
However, maintaining rigorous
documentation and knowledge
systematization proved challenging within

flexible, adaptive  frameworks.  The
emphasis on practical problem-solving
sometimes came at the expense of

theoretical development and generalization.

DISCUSSION

1. Epistemological Pluralism and Its
Implications

Our analysis confirms that bioenergy
agroforestry research is characterized by
epistemological pluralism, but this pluralism

remains largely implicit. Making
epistemological assumptions explicit can
improve  research  quality, facilitate

knowledge synthesis, and enable more
productive interdisciplinary collaboration.
Researchers should articulate philosophical
positions, justify methodological choices in
epistemological terms, and recognize how
different approaches generate different
kinds of knowledge with distinct strengths
and limitations.

The relationship between scientific and
local knowledge systems requires careful
epistemological navigation. Neither
hierarchical  privileging of scientific
knowledge nor radical relativism treating all
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knowledge claims as equally valid provides
adequate foundation. Instead, we propose
epistemological pragmatism that recognizes
multiple ways of knowing while
maintaining standards for knowledge
claims. Power dynamics in knowledge
production should be explicitly addressed
rather than obscured through appeals to
objectivity.

2. Toward an Integrative Framework
Addressing  complexity and  context-
dependency  requires epistemological
humility and methodological pluralism. No
single research approach can fully capture
multi-scale, non-linear dynamics of social-
ecological systems. Rather than seeking
universal laws, research should identify
mechanisms, patterns, and contextual
conditions that shape outcomes (Figure 1).
Figure 1: Integrative Epistemological
Framework for Bioenergy Agroforestry
[Conceptual diagram showing integration of
three paradigms through common criteria:
methodological rigor, validity standards,
practical relevance, and ethical engagement,
leading to both knowledge production
(scientific, local, hybrid) and policy/practice

applications]

The inherently normative character of
sustainability research should be
acknowledged and embraced. Values

appropriately influence problem selection,
research design, and knowledge application.
Rather than impossible value-neutrality,
research should aim for value-awareness,
transparency, and inclusive processes for
articulating and weighing competing values
(Saarikoski et al., 2018).

3. Implications for Research Practice

For research design: - Explicitly consider
epistemological foundations before
selecting methods - Align research
approaches with knowledge goals - Develop
capabilities for epistemological integration -

across disciplines - Build shared conceptual
frameworks - Develop “epistemological
bilingualism” - Make assumptions visible to
enable productive dialogue

For knowledge translation: - Acknowledge
epistemological diversity in evidence base -
Establish criteria for knowledge claims
recognizing multiple paradigms - Support
research integrating scientific and local
knowledge - Design policies
accommodating context-specificity

4. Implications for Indonesia

Indonesia faces unique challenges where
BAS must simultaneously address energy
security, climate mitigation, and rural
livelihoods. National bioenergy strategy
should acknowledge regional variation and
epistemological diversity. Social forestry
policies require epistemological flexibility
to accommodate both technical optimization
and community empowerment. Research

funding  should  support integrative
approaches. Capacity building should
include  epistemological literacy for

researchers, policymakers, and practitioners.

CONCLUSION
This study examined epistemological
foundations of bioenergy agroforestry

research through systematic analysis of 87
recent studies and three Indonesian case
studies. Our findings reveal that while the
field exhibits epistemological pluralism, this
diversity remains largely implicit, creating
tensions that affect research quality,
knowledge integration, and practical
outcomes.

Key findings: First, epistemological
orientations vary systematically across
research domains, with  positivist
approaches dominating technical research
(67% of biomass studies) and constructivist
methods prevailing in social assessments
(54%), yet few studies (12%) explicitly
integrate multiple paradigms. Second, three

Engage  stakeholders in  knowledge critical ~ tensions  characterize  current
production processes research: between universal principles and
For interdisciplinary  collaboration: -  context-specific understanding, between
Recognize  epistemological  differences expert-driven and participatory approaches,
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and between reductionist and holistic
thinking. Third, Indonesian case studies
demonstrate that epistemological choices
have real-world consequences affecting both
technical efficiency and social acceptance.

Theoretical contributions:  This  study
advances sustainability science by providing
the first systematic epistemological analysis
of bioenergy agroforestry research. Our
integrative framework offers conceptual
tools for navigating epistemological
complexity while maintaining analytical
rigor.

Practical implications: For researchers,
making epistemological assumptions
explicit improves research quality and
facilitates collaboration. For policymakers,
recognizing epistemological diversity in

evidence base enables better-informed
decisions. For Indonesia specifically,
national strategies must acknowledge

regional variation, social forestry policies
require epistemological flexibility, and
capacity  building should include
epistemological literacy.

Future research directions: Future work
should: (1) develop and test integrative
methodologies in diverse contexts, (2)
examine epistemological dimensions of
successful versus failed BAS initiatives, (3)
explore power dynamics in knowledge
production, and (4) investigate how
epistemological integration affects long-
term sustainability outcomes.

The transition to sustainable energy futures
requires not just technological innovation
but also epistemological sophistication. By
making explicit and deliberately navigating
the philosophical foundations of bioenergy
agroforestry research, we can enhance both
scientific quality and societal relevance.
This study provides conceptual tools and

practical guidance for researchers and
policymakers working to realize the
substantial ~ potential ~ of  bioenergy

agroforestry for sustainable development.
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