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Abstract. Developing a halal ecosystem within the palm oil biomass sector 

represents a significant opportunity for utilizing primary renewable 

feedstock in Indonesia and Malaysia. It is also a strategic initiative to 

enhance sustainable energy security while meeting the growing international 
demand for clean and Sharia-compliant energy solutions. This paper 

examines how integrating halal principles (purity, stewardship/khalīfah, 

anti-waste/isrāf, and social justice) into palm biomass value chains can 

strengthen social legitimacy, support sustainable bioenergy deployment, and 
contribute to national energy security. This research uses a qualitative 

descriptive design, incorporating literature reviews of halal-related 

regulations and certification standards related to biomass. Findings suggest 

that the application of halal standards, from the processing of by-products 
such as empty fruit bunches, fibers, trunks, and shells to the distribution of 

bioenergy, can improve transparency, operational efficiency, and global 

competitiveness, particularly as the worldwide energy market increasingly 

emphasizes sustainability and ethical sourcing. Additionally, obtaining halal 
certification for biomass-based energy products opens new export 

opportunities, particularly in the Middle Eastern and South Asian markets, 

where halal compliance is a key requirement. Establishing a halal-based 

framework in the palm oil biomass industry can be a foundational 
component in achieving a more inclusive and sustainable national energy 

transition. 

1 Introduction 

The global pursuit of sustainable energy has intensified as nations confront the rapid 

depletion of fossil fuels, environmental degradation, and the escalating impacts of climate 

change. Renewable energy has therefore become a strategic priority for long-term 

sustainability, energy independence, and ecological preservation. Within Southeast Asia, 

Indonesia and Malaysia, which are two of the world’s largest palm oil producers, generate 

substantial volumes of palm oil biomass, including empty fruit bunches, palm kernel shells, 

mesocarp fibers, fronds, trunks, and palm oil mill effluent (POME). These residues represent 
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abundant, technically feasible feedstocks for bioenergy production, supporting the expansion 

of electricity generation, bioheat, biogas, and biodiesel [1,2]. Nevertheless, utilization 

remains suboptimal due to fragmented regulations, limited investment in conversion 

technologies, and insufficient integration into national energy planning [3]. 

 By 2025, the global halal economy, spanning food and beverages, finance, cosmetics, 

tourism, and other halal-certified products and services, is projected to reach multi-trillion-

dollar valuations, with estimates of global halal product consumption ranging toward USD 

3.1 trillion by 2027 and continuing strong growth driven by an expanding global Muslim 

population exceeding 1.8 billion. In Indonesia alone, home to the world’s largest Muslim 

population, halal spending on goods and services is expected to reach approximately USD 

281.6 billion by 2025, positioning the nation as a key driver of global halal demand. In the 

Middle East, robust domestic consumption and export activities, particularly within the Gulf 

Cooperation Council (GCC) states, further bolster regional halal market share, while in the 

European Union, emerging Muslim populations and diversified consumer preferences are 

expanding demand for certified halal products across food, personal care, and ethical lifestyle 

segments.  

 This rapid expansion has prompted scholars and industry stakeholders to investigate how 

halal principles, which encompass cleanliness, safety, integrity, fairness, and environmental 

stewardship, may be extended beyond traditional sectors into non-food industries such as 

industrial feedstocks and renewable energy systems, including biomass energy supply chains 

[4]. The rationale is underpinned by not only religious compliance but also a broader ethical 

and sustainability orientation shared by Muslim and non-Muslim consumers alike, who 

increasingly prioritize traceability, environmental sustainability, and ethical governance in 

their consumption choices.  

 Simultaneously, the bioenergy sector, of which biomass is a principal component, is 

experiencing significant global growth as nations pursue renewable energy transitions and 

energy security objectives. The global bioenergy market reached substantial levels in 2024 

and is forecast to expand markedly over the coming decade, with market value projections 

rising toward hundreds of billions of dollars and capacity increases projected to more than 

double by 2033. In the EU, biomass accounted for a significant share of the renewable energy 

supply in 2022, with solid biomass responsible for approximately 60% of renewables in the 

region’s final energy consumption, highlighting its crucial role in meeting climate and energy 

targets. In the Asia-Pacific region, including Indonesia and other emerging markets, the 

bioenergy sector is expanding in line with broader renewable energy goals and agricultural 

waste valorisation strategies. As countries seek alternatives to fossil fuels and enhance energy 

security, demand for biomass feedstocks is rising.  

 Although specific data on halal-certified biomass energy demand remains limited, the 

intersection of expanding halal markets and growing renewable energy demand suggests an 

emerging opportunity for halal-oriented biomass energy solutions. As consumers and 

regulators increasingly value ethical, safe, and sustainable products, aligning biomass energy 

production with halal principles could unlock additional market segments while addressing 

broader societal expectations for ethical governance and environmental stewardship. 

Emerging research suggests that “halal energy” could provide unique value-added 

differentiation and enhance consumer trust in Muslim-majority regions [5].  

 Against this backdrop, integrating halal principles within the palm oil biomass sector 

presents a timely and strategic opportunity. A halal-compliant biomass ecosystem could 

strengthen socio-religious legitimacy, improve environmental performance, and create 

premium value chains aligned with ethical energy consumption. For Indonesia, embedding 

halal principles from feedstock sourcing to processing, distribution, and export offers 

potential benefits for global competitiveness, particularly in Middle Eastern, South Asian, 

and African markets where ethical assurances increasingly shape procurement decisions [6]. 
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 This study examines conceptual and operational pathways to integrate halal principles 

which understood as ethical, purity, stewardship (khalīfah), anti-waste (isrāf) and social 

justice into palm oil biomass value chains to advance sustainable energy security. We review 

technical options for biomass valorisation, current sustainability and certification schemes, 

relevant Islamic environmental ethics, and recent policy shifts (e.g., biodiesel mandates) that 

shape demand for palm-based bioenergy. The framework builds on three intersecting 

dynamics: (1) the urgent need to diversify national energy sources through biomass; (2) the 

rising role of halal certification in non-food sectors; and (3) increasing consumer and 

institutional demand for ethical, transparent, and environmentally responsible energy 

products. It also considers how halal values, such as avoidance of contamination (najis), 

fairness in labor practices, and environmental cleanliness (ṭahārah), can enhance 

transparency, operational efficiency, and market differentiation for bioenergy products.  

 Energy security remains a pressing concern as global fossil fuel reserves decline and 

climate commitments intensify. Renewable energy systems require reliability, ethical 

sourcing, and social acceptability to ensure long-term adoption. Integrating halal standards 

into biomass governance can enhance social trust, transparency, and global market 

acceptance. This combination situates halal-compliant palm biomass as both a religiously 

aligned and environmentally responsible energy source. 

 This paper explores how a halal ecosystem can be integrated across the palm oil biomass 

sector to strengthen sustainable energy security. It emphasizes regulatory frameworks, 

operational practices, market opportunities, and national strategic relevance. The findings are 

based on a qualitative analysis of literature reviews and an evaluation of existing halal and 

biomass sustainability standards. 

  

2 Method 

This study uses a qualitative descriptive approach to analyze secondary data from scholarly 

books, peer-reviewed journals, and credible sources that integrates a comprehensive review 

of the literature on halal certification, biomass resource management, energy security, and 

relevant regulatory frameworks. The analysis draws upon key policy documents issued by 

authoritative institutions, including the Indonesian Ulema Council (MUI), the Halal Product 

Assurance Agency (BPJPH), and the Ministry of Energy and Mineral Resources. A 

qualitative descriptive design is employed to examine the feasibility and strategic value of 

incorporating halal principles into palm biomass–based energy systems. Such an approach is 

particularly appropriate in research domains where theoretical frameworks and empirical 

evidence remain underdeveloped, as is the case with halal-compliant bioenergy systems [7]. 

The study synthesizes evidence from multiple sources [8,9], including:  

• Peer-reviewed international journals addressing biomass utilization, sustainability, halal 

studies, and energy transitions; 

• Regulatory and policy documents such as Indonesia’s Halal Product Assurance Law (UU 

JPH), Malaysia’s halal certification standard (MS 1500), and sustainability frameworks 

under the Indonesian Sustainable Palm Oil (ISPO) and Malaysian Sustainable Palm Oil 

(MSPO) schemes; 

• Reports published by international and regional organizations, including the 

International Renewable Energy Agency (IRENA) and the ASEAN Centre for Energy 

(ACE); and 

• Scholarly and technical publications concerning biomass supply chains and palm oil–

based industrial systems. 

The analytical process is grounded in a systematic review of documents and the interpretation 

of themes. Specifically, the study involves: 
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1. Identifying points of convergence between halal principles and biomass supply chain 

components; 

2. Examining the regulatory alignment between halal certification systems and biomass 

sustainability standards; 

3. Evaluating potential market opportunities and contributions to national and regional 

energy security; and 

4. Synthesizing the findings into a conceptual framework for halal-oriented biomass 

governance. 

  

3 Results and Discussion 

3.1 Halal principles and their application to biomass value chains 

The integration of halal principles into the palm oil biomass sector represents a novel yet 

pragmatic strategy for Indonesia and other Muslim-majority countries to enhance their 

energy security while aligning with both religious values (comprehensive ethical) and global 

sustainability standards. 

Table 1. Integration of Halal Principles into Palm Biomass 

Halal Principle Biomass Application 

Purity 
Clean technology, contamination control, safe 

handling of empty fruit bunch (EFB), fibers, & shells. 

Stewardship/khalīfah 
Sustainable harvesting, responsible land use, 

minimizing emissions. 

Anti-waste/isrāf 
Utilizing all biomass fractions, promoting circular 

economy. 

Social justice 
Transparency, fair labor, traceability in biomass 

supply chains. 

 

While biomass is not edible, its processing requires adherence to clean standards. 

Contamination by hazardous chemicals or prohibited materials undermines both 

sustainability and halal compliance. Technologies such as controlled combustion, optimized 

storage, and emission-reduction systems directly support the requirements for purity. 

Palm oil generates significant residues, many of which are underutilized. Applying isrāf 

principles promotes valorization of every biomass fraction. This enhances energy output, 

minimizes waste, and supports industrial circularity [10]. 

Halal principles encourage environmental protection, aligning with SDG 7 (Affordable 

and Clean Energy) and SDG 12 (Responsible Consumption and Production). Sustainable 

biomass practices include reducing forest clearing, implementing emission controls, and 

protecting biodiversity [11]. Halal-based stewardship strengthens public perception and 

international legitimacy. 

 Fair wages, ethical working conditions, and transparent documentation are embedded in 

halal certification. Biomass operations, which often involve rural labor, benefit significantly 

from justice-oriented frameworks. This enhances global competitiveness, where ESG criteria 

are increasingly required. 

 

E3S Web of Conferences 691, 03005 (2026)

ICBB 2025
https://doi.org/10.1051/e3sconf/202669103005

4



3.2 Implementation framework for halal certification in biomass energy 

systems 

Despite increasing scholarly and policy interest, the operationalization of halal certification 

within the biomass energy sector remains underdeveloped, particularly in terms of 

standardized implementation frameworks. While existing studies often assert that halal 

certification can enhance the credibility and market acceptance of bioenergy, they frequently 

fail to detail how such certification would function in practice. In contrast to the food and 

pharmaceutical sectors, where halal compliance mechanisms are well-established, biomass 

energy presents unique technical, logistical, and regulatory challenges that necessitate a more 

tailored certification approach. 

 Halal certification for biomass energy would extend beyond product-level verification to 

encompass the entire value chain, from feedstock sourcing to energy conversion and 

distribution. Empirical studies on halal industrial certification emphasize that compliance 

hinges on three core dimensions: input integrity, process integrity, and logistical integrity. In 

the biomass context, this implies that raw materials, such as palm oil residues, agricultural 

waste, or forestry by-products, must originate from permissible sources and be free from 

contamination by prohibited substances. Certification bodies would also require traceability 

systems capable of tracking material flows from plantations or mills to processing facilities, 

ensuring transparency and accountability throughout the supply chain.  

 Halal certification for industrial and non-food products increasingly emphasizes the 

integrity of inputs, processes, and logistics throughout the entire value chain. In the context 

of biomass energy products, certification mechanisms focus on ensuring that all stages of 

production adhere to halal principles and avoid any form of contamination or unethical 

practice. Key aspects of compliance include maintaining a clean and traceable supply chain, 

conducting regular equipment maintenance to prevent impurities, and ensuring that 

transportation and storage facilities meet cleanliness and safety standards. Additionally, any 

additives used in biomass processing, such as binding agents for pellets or briquettes, must 

be verified as permissible under halal regulations. The certification also emphasizes the 

avoidance of cross-contamination with prohibited materials and requires adherence to ethical 

labor standards and transparent operational procedures [12]. 

From a technical perspective, halal certification would necessitate specific operational 

modifications within biomass processing facilities. These include dedicated or thoroughly 

cleansed equipment to prevent cross-contamination, verified halal-compliant additives (e.g., 

binders used in pelletization), and documented sanitation protocols for storage and transport 

infrastructure. Empirical research on halal logistics demonstrates that such measures 

significantly reduce contamination risks and enhance operational discipline, albeit at the cost 

of increased monitoring and compliance expenditures. For biomass energy producers, this 

may require upgrading processing lines, retraining personnel, and implementing digital 

traceability systems, such as blockchain-based monitoring, to ensure auditability and 

continuity of certification. 

The financial implications of halal certification remain a critical concern. Studies in halal 

manufacturing sectors indicate that certification and compliance can increase production 

costs by approximately 5–15%, depending on the complexity of the supply chain and the 

stringency of regulatory oversight. In biomass energy, additional costs may arise from 

certification audits, documentation systems, segregated logistics, and periodic inspections. 

However, empirical evidence also suggests that these costs can be partially offset by 

improved market access, price premiums, and enhanced investor confidence, particularly in 

Muslim-majority markets and countries with strong halal governance frameworks such as 

Indonesia, Malaysia, and the Gulf Cooperation Council (GCC) states. 
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 Regulatory bodies, such as Indonesia’s Badan Penyelenggara Jaminan Produk Halal 

(BPJPH) and Malaysia’s Department of Islamic Development (JAKIM), as well as various 

international halal accreditation agencies, play a crucial role in establishing certification 

requirements for industrial sectors. Their frameworks help ensure that halal certification for 

biomass energy products is aligned with both religious principles and global sustainability 

standards. As the industry evolves, harmonization of these certification criteria can further 

support international recognition and enhance the competitiveness of halal-certified 

bioenergy products. 

A critical challenge lies in aligning halal certification regimes with existing energy and 

environmental regulatory frameworks. Empirical policy studies have highlighted that cross-

agency coordination among religious authorities, energy regulators, environmental agencies, 

and standards organizations is essential to prevent regulatory duplication and compliance 

fatigue. Without such coordination, certification may increase administrative burdens 

without delivering commensurate benefits in energy performance or sustainability outcomes. 

From a market perspective, halal-certified biomass energy occupies a niche but 

potentially high-value segment. While energy consumers typically prioritize cost, reliability, 

and carbon intensity, halal certification can function as a complementary attribute that 

enhances trust, particularly in export-oriented markets with strong religious or ethical 

consumption norms. Empirical studies on sustainable and ethical energy markets suggest that 

certification-based differentiation can enhance market access and long-term contractual 

stability, even if it affects short-term price competitiveness. Therefore, while halal 

certification may not immediately transform global energy markets, it can serve as a strategic 

tool for differentiation, especially for countries seeking to position themselves as leaders in 

ethical and sustainable bioenergy. 

 

3.3 Enhancing energy security through halal-based biomass 

Biomass has long been recognized as a significant contributor to the renewable energy mix 

in Indonesia and Malaysia, primarily due to the abundance of palm oil residues and other 

agricultural byproducts generated across both countries. Integrating halal certification into 

biomass energy systems not only strengthens social legitimacy but also enhances operational 

reliability, thereby improving overall energy security. Certification frameworks introduce 

standardized procedures for sourcing, processing, and quality control, which in turn reduce 

supply-chain uncertainty and improve long-term planning for energy producers. By 

institutionalizing traceability and accountability, halal certification serves as a governance 

mechanism that stabilizes feedstock availability and mitigates operational risk, which are 

essential factors for reliable energy generation.  

 From a production perspective, halal certification can indirectly support increased and 

more stable energy output. Certification requirements encourage formalization of biomass 

supply chains, investment in compliant processing facilities, and better coordination between 

agricultural producers and energy operators. Empirical studies show that structured biomass 

supply systems with clear sustainability and quality standards are more resilient and capable 

of maintaining consistent output over time, particularly in agrarian economies. In Indonesia 

and Malaysia, where palm oil residues such as empty fruit bunches, palm kernel shells, and 

palm oil mill effluent constitute major bioenergy inputs, certification-driven governance can 

reduce feedstock volatility and enhance long-term production capacity.  

 Halal certification also plays a significant role in ensuring feedstock continuity. Through 

mandatory documentation, traceability, and periodic audits, certified systems reduce the risk 

of contamination, illegal sourcing, or supply chain disruptions. Such mechanisms are 

comparable to sustainability certification schemes used in global bioenergy markets, which 
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have been shown to improve supply reliability and investor confidence. In the context of 

biomass energy, consistent feedstock availability is essential for maintaining plant load 

factors and ensuring financial viability, particularly for grid-connected facilities and 

industrial heat applications.  

 In addition to enhancing reliability, halal certification contributes to energy 

diversification by expanding the range of socially acceptable and marketable renewable 

energy options. As energy systems increasingly integrate sustainability and ethical criteria, 

halal-certified biomass provides a complementary pathway alongside solar, wind, and 

hydropower. Empirical evidence from Southeast Asia and the Middle East suggests that 

renewable energy projects aligned with religious and cultural values experience higher levels 

of public acceptance and smoother implementation processes [13]. This is particularly 

relevant in Muslim-majority societies, where community endorsement plays a decisive role 

in project success.  

 Furthermore, halal-compliant biomass energy supports export-oriented diversification. 

Growing demand for ethically produced energy inputs in Gulf Cooperation Council (GCC) 

countries and parts of South Asia creates new market opportunities for biomass pellets, 

biofuels, and bio-based intermediates that meet halal requirements. Studies on international 

bioenergy trade indicate that certification and sustainability labeling significantly enhance 

market access and price premiums in environmentally sensitive markets [14]. By aligning 

biomass production with halal principles, Indonesia and Malaysia can position themselves as 

reliable suppliers of clean and ethically certified energy products.  

 Ultimately, halal certification contributes to broader socio-economic objectives by 

fostering public trust, encouraging community engagement, and promoting inclusive 

development. Research indicates that renewable energy projects with strong social legitimacy 

and participatory governance frameworks tend to experience fewer implementation delays 

and lower conflict risks. In this regard, halal-based biomass initiatives help bridge the 

technical aspects of energy planning with social acceptance, enabling smoother project 

execution and long-term operational stability. Consequently, halal certification not only 

strengthens the reliability of energy supply but also enhances the resilience and inclusiveness 

of national energy systems. 

 

3.4 Critical analysis of challenges and trade-offs in halal-certified biomass 
energy development 

Despite the strategic potential of halal-certified biomass energy, no major energy-producing 

country has yet fully operationalized a comprehensive halal certification framework for 

renewable energy systems. This gap reflects not only institutional inertia but also the inherent 

complexity of translating halal principles, which traditionally applied to food and consumer 

goods, into technically complex and capital-intensive energy sectors. While Indonesia and 

Malaysia possess comparative advantages due to their established halal governance 

ecosystems, extending halal certification to biomass energy entails substantial regulatory, 

technological, and economic trade-offs [15].  

 One key challenge lies in the institutional and regulatory alignment required to 

operationalize halal certification within energy value chains. Unlike food products, biomass 

energy systems involve upstream agricultural residues, industrial processing technologies, 

cross-border supply chains, and energy conversion processes that are not easily assessed 

through existing halal auditing frameworks. Establishing credible halal standards for biomass 

energy would require harmonization between religious authorities, energy regulators, 

environmental agencies, and industrial stakeholders, which may increase regulatory 

complexity, compliance costs, and administrative burden for producers.  
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 From an economic perspective, while halal-certified bioenergy could enhance 

international market differentiation and support energy diplomacy, particularly with Muslim-

majority importing countries, it may also introduce cost-competitiveness trade-offs. 

Certification, traceability systems, and compliance audits could increase production costs, 

potentially reducing price competitiveness compared to conventional renewable energy 

sources. This challenge is especially salient in global energy markets where cost efficiency 

often outweighs ethical or religious considerations, particularly in non-Muslim-majority 

importing regions.  

 Moreover, although halal-based energy frameworks offer opportunities for branding and 

geopolitical influence, their actual market demand remains uncertain. Unlike halal food, 

where consumer demand is direct and culturally embedded, energy consumers, especially at 

industrial or grid levels, tend to prioritize price stability, reliability, and carbon performance 

over ethical certification. This creates a risk that halal-certified biomass energy may remain 

a niche product unless supported by strong policy incentives, green financing mechanisms, 

or integration with broader ESG and sustainability standards.  

 At the socio-economic level, the promise of halal-based biomass projects to promote 

rural development and inclusive growth must also be critically assessed. While such projects 

can generate employment and stimulate local economies, they may simultaneously intensify 

land-use pressures, competition for biomass feedstocks, and environmental stress if 

governance mechanisms are weak. Ensuring that halal certification translates into genuine 

social equity rather than symbolic compliance requires robust monitoring, community 

participation, and safeguards against the concentration of resources and elite capture.  

 Halal-certified biomass energy presents a compelling strategic opportunity for Indonesia 

and Malaysia to position themselves as global pioneers in ethical and sustainable energy 

systems; its realization is contingent upon addressing significant governance, economic, and 

institutional challenges. The trade-offs between ethical ambition, market competitiveness, 

and regulatory feasibility underscore the need for phased implementation, adaptive policy 

design, and empirical evaluation. Without such measures, the promise of halal-based energy 

systems risks remaining normative rather than transformative within the global energy 

transition. 

  

4 Conclusion 

The integration of halal principles into the palm oil biomass sector provides a comprehensive 

approach to enhancing ethical governance, environmental stewardship, and operational 

sustainability. The application of purity, anti-waste, stewardship, and justice contributes to 

improved transparency, supply chain traceability, and overall efficiency. These elements also 

enhance global market competitiveness, particularly in regions that require adherence to halal 

compliance standards. 

 Halal-based biomass systems can significantly contribute to national energy security by 

increasing renewable energy availability, enhancing social acceptance, reducing operational 

risks, and opening new export markets. Indonesia and Malaysia are global leaders in palm 

oil, and they have the opportunity to pioneer halal-certified renewable energy, thereby 

strengthening their position in the international sustainable energy transition. 

 Developing a halal ecosystem for biomass is not merely a religious requirement but a 

strategic economic and environmental opportunity. It establishes the foundation for an 

inclusive, ethical, and sustainable energy future.  
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