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Abstract 

This research investigates how biomethane producers in the Netherlands can scale production 

to close the gap with the national target of 2 billion cubic meters (bcm) by 2030. Despite 

biomethanes strategic role in the energy transition, current production remains significantly 

below target due to a mix of operational, economic, and environmental barriers. The objective 

of this study is to identify and prioritize leverage points that can support long-term scalability. 

To achieve this a mixed-method approach was employed, consisting of a narrative literature 

review, semi-structured interviews with 14 Dutch biomethane producers, and a Multi-Criteria 

Decision Analysis (MCDA). A stock and flow diagram (SFD) was developed to capture key 

system structures and systemic bottlenecks. The analysis identified six leverage points, with 

policy clarity on certification schemes, on-site operational flexibility, and carbon intensity (CI) 

reduction practices receiving the highest stakeholder endorsement. Results reveal that systemic 

barriers, such as unclear certification rules and infrastructure constraints, remain a critical 

constraint. The findings underscore the need for integrated system thinking in policy and 

investment decisions and provide a practical framework for integrating system dynamics with 

participatory decision-making, offering theoretical and methodological advancements for 

renewable energy transition planning in complex socio-technical systems. 

Keywords: Biomethane, system dynamics, leverage points, Multi-Criteria Decision Analysis (MCDA), 

renewable energy transition   
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Ch 1. Introduction 

The European Union’s (EU) REPowerEU plan targets 35 bcm of biomethane production by 

2030 as part of a broader strategy to reduce reliance on Russian fossil fuels and accelerate the 

renewable energy transition following the invasion of Ukraine (European Commission, 2022). 

The plan promotes energy savings, diversification, and rapid deployment of renewables, 

including sustainable biogas and biomethane, to enhance EU energy resilience. In line with this, 

the Netherlands has set a national target of 2 bcm but currently produces only 0.2 bcm, 

indicating a major implementation gap (EBA, 2023). Biomethane, as a grid-compatible 

renewable fuel, contributes to energy security and aligns with the EU Methane Strategy (EERA 

Bioenergy, 2024). According to the International Energy Agency (2025, p. 35), EU biomethane 

production could reach 50 bcm annually by 2050 under the Stated Policies Scenario (STEPS), 

leveraging abundant sustainable feedstocks such as agricultural residues, manure, and organic 

waste, of which only about 40% is currently utilized (International Energy Agency, 2025, p. 

31). 

Despite its promise, scaling biomethane in the Netherlands faces technological, 

economic, regulatory, and environmental barriers (De Boer & Van den Boom, 2023). 

Sustainable domestic potential is estimated at 1.34 bcm, which is below the national target, 

underscoring the need to improve feedstock utilization and infrastructure integration (EBA, 

2023). This production gap reflects deeper inefficiencies rooted in fragmented supply chains, 

insufficient policy coordination, and technological limitations. 

Identifying leverage points, strategic areas where targeted interventions yield outsized 

impacts (Meadows, 1999), is essential for closing this gap. Key drivers include policy 

incentives, improved supply chain coordination, and innovations in anaerobic digestion and 

gasification (Leguijt et al., 2024). System dynamics modelling offers a robust framework to 

uncover such leverage points by capturing the feedback-driven interactions among economic, 

operational, and environmental variables (Sterman, 2000). Prior research has applied this 

method to specific subsystems, such as consumer behaviour (De Leeuw, 2018) or subsidy 

design (Eker & van Daalen, 2015), but an integrated, macro-level approach on biomethane 

production remains underexplored. Complementary studies using life cycle assessments 

(Lozanovski, Lindner, & Bos, 2014) reinforce biomethane’s role in climate mitigation, yet often 

overlook system-wide dynamics that determine feasibility at scale.  

While existing literature has examined individual aspects of biomethane production, it 

often treats economic, operational, and environmental dimensions in isolation, overlooking 
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their interdependencies and dynamic feedback mechanisms. This study addresses that gap by 

adopting a mixed-method approach that begins with a narrative literature review to integrate 

fragmented insights and identify key system variables. It then employs system dynamics to 

model the sector’s complexity, capturing feedback loops, nonlinearities, and delays (Sterman, 

2000; Forrester, 1994). Building on prior system dynamics applications in the Dutch renewable 

energy context (De Leeuw, 2018; Eker & Van Daalen, 2015), the study offers a broader 

framework that connects regulatory, operational, economic, and environmental dynamics to 

identify leverage points, strategic areas where small interventions can trigger large system shifts 

(Meadows, 1999). To complement the systems understanding with decision-making support, 

MCDA is used to incorporate stakeholder preferences and rank interventions across multiple 

criteria, addressing system dynamics limitation in prioritisation. This integrative SD–MCDA 

approach, as advocated by Santos, Belton, & Howick (2002), enhances both analytical depth 

and practical relevance, bridging the gap between theoretical modelling and actionable 

strategies for scaling biomethane production in the Netherlands. 

1.1 Research question 

The main objective of this research is to contribute to meeting the 2 bcm biomethane production 

target by 2030 in the Netherlands through identifying and addressing critical operational, 

economic, and environmental leverage points of biomethane producers in the Netherlands. To 

be able to make this contribution a research question and sub questions divided over different 

research phases are formulated as follows. 

What are the leverage points for biomethane producers in the Netherlands to be able to 

produce more biomethane? 

1.1.1 Theoretical sub research questions 

1. What economic factors influence biomethane producers in the Netherlands, and how 

are these factors addressed in the literature? 

2. What operational factors influence biomethane producers in the Netherlands, and how 

can are these factors addressed in the literature? 

3. What environmental factors influence biomethane producers in the Netherlands, and 

how are these factors addressed in the literature? 

1.1.2 Empirical sub research questions 

4. How do biomethane producers in the Netherlands perceive and prioritize economic 

challenges, and what discrepancies exist between literature and practice? 
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5. How do biomethane producers in the Netherlands perceive and prioritize operational 

challenges, and what discrepancies exist between literature and practice? 

6. How do biomethane producer in the Netherlands perceive and prioritize environmental 

challenges, and what discrepancies exist between literature and practice? 

1.1.3 Analytical sub research questions 

7. What are the structure and dynamics of the integrated system dynamics model based on 

the above theoretical and empirical insights? 

8. What relevant leverage points arise in the total system of biomethane producers and 

how do these leverage points impact long-term biomethane production goals? 

9. Which leverage points have the highest priority for increasing the long-term biomethane 

production? 

1.2 Thesis outline 

This thesis is structured in six chapters, each contributing to the identification of leverage points 

for scaling biomethane production in the Netherlands. Chapter 1 introduces the research 

problem, questions, and rationale for a system dynamics approach. Chapter 2 reviews literature 

on economic, operational, and environmental factors and presents a preliminary causal loop 

diagram. Chapter 3 outlines the methodology, including epistemological choices, data 

collection through interviews and Multi-Criteria Decision Analysis, and model construction. 

Chapter 4 presents the results across three thematic domains and identifies six leverage points 

based on stakeholder input and system modelling. Chapter 5 answers the central research 

question and summarizes key theoretical contributions. Chapter 6 discusses limitations, reflects 

on the findings, and suggests avenues for future research and application.  
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Ch 2. Theoretical framework 

This chapter begins with an overview of biomethane production in the Netherlands to 

contextualize sectoral developments. It then explores three core themes, economic, operational, 

and environmental, through a narrative literature review, forming the theoretical basis for sub-

research questions one to three. To integrate these insights, a preliminary causal loop diagram 

(CLD) is presented in Appendix VII. For clarity, the CLD uses a colour-coded scheme: 

economic variables in black, operational in blue, and environmental in green. 

2.1 Biomethane production in the Netherlands 

Biomethane, a renewable energy source chemically similar to natural gas, is produced by 

refining biogas derived from the anaerobic decomposition of organic materials such as manure, 

agricultural residues, sewage sludge, and organic municipal waste (Angelidaki et al., 2018). It 

plays a central role in transitioning to a low-carbon energy system by reducing greenhouse gas 

emissions, enhancing energy security, and supporting circular economy principles (Scarlat et 

al., 2018). Production involves two main stages: biogas generation and subsequent upgrading 

to remove impurities like CO2 (Petersson & Wellinger, 2009), resulting in high-purity methane 

suitable for grid injection or use as vehicle fuel (Ryckebosch et al., 2011). Biogas generation 

occurs primarily through anaerobic digestion, which proceeds through four sequential 

biochemical phases: (1) hydrolysis, where complex organic polymers are broken down into 

monomers; (2) acidogenesis, converting these into volatile fatty acids, hydrogen, and CO2; (3) 

acetogenesis, which produces acetic acid and additional hydrogen; and (4) methanogenesis, 

where methanogenic archaea generate methane from acetic acid and hydrogen (Mata-Alvarez 

et al., 2014). This pathway is widely applied using diverse feedstocks and remains dominant in 

the Netherlands (Weiland, 2010). Alternatively, thermochemical gasification processes 

lignocellulosic biomass at high temperatures into syngas, which is subsequently methanised. 

While promising for large-scale applications (Bauer et al., 2013), this method currently plays a 

limited role in the Dutch context (Leguijt et al., 2024). 

 The Netherlands aims to scale biomethane production to 2 bcm annually by 2030, an 

eightfold increase from 2022 levels of 0.23 bcm (De Boer & Van den Boom, 2023), to 

decarbonize the built environment and reduce fossil gas dependency (Leguijt et al., 2024). 

Currently, about 95% of biomethane originates from anaerobic digestion, particularly through 

mono- and co-digestion of manure (EBA, 2023). Manure digestion is expected to remain the 

sector’s growth engine. (De Boer & Van den Boom, 2023). Production models range from small 

on-farm units to large-scale centralized facilities, with most plants, 77 out of 82, connected to 
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the national gas grid and relying mainly on membrane-based upgrading technologies (EBA, 

2023). While innovation is underway, such as Alkmaar’s supercritical water gasification pilot 

(De Boer & Van den Boom, 2023), thermochemical gasification is not expected to significantly 

contribute before 2030 (Leguijt et al., 2024). 

Biomethane production and distribution in the Netherlands involve a complex 

stakeholder network operating under European and national regulations, certification schemes, 

and market dynamics (see Figure 1). The EU Renewable Energy Directive (EU RED) sets 

sustainability and GHG reduction targets (European Commission, 2023), which are 

implemented nationally through instruments such as the SDE++ (Stimulering Duurzame 

Energieproductie en Klimaattransitie) subsidy and the forthcoming blending obligation 

(Ministerie van Economische Zaken en Klimaat, 2024). Certification schemes like ISCC EU 

(ISCC System GmbH, 2024) and Better Biomass (2018) translate the EU RED requirements 

into verifiable sustainability criteria, enforced by independent auditors. The supply chain 

includes feedstock suppliers, producers, traders, and end-users in the transport and heating 

sectors, with biomethane sold directly or via intermediaries (S&P Global Commodity Insights, 

2024). Additional actors, including hardware providers and knowledge institutions, support 

technological and regulatory development. 

  

 

Figure 1. Biomethane value chain (own work). 
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2.2 The economics of biomethane production 

The economic viability of biomethane production in the Netherlands is largely influenced by 

financial incentives, regulatory frameworks, and market conditions, with government support 

being essential for competitiveness. The SDE++ scheme plays a central role by subsidizing 

capital expenditures (RVO, 2023) and the gap between production costs and market returns, 

thereby improving the profitability of biomethane investments (Leguijt et al., 2024). Without 

such support, biomethane remains economically uncompetitive compared to fossil gas due to 

its higher production costs (Fraccascia et al., 2021). In addition to subsidies, upcoming 

regulatory measures such as the biomethane blending obligation, set to begin in 2027, are 

expected to stimulate demand by mandating a minimum share of biomethane in the national 

gas grid (Ministerie van Economische Zaken en Klimaat, 2024). This could promote long-term 

investment by ensuring price stability and off-take security (De Boer & Van den Boom, 2023), 

although uncertainties around legislative approval and timelines may hinder progress. A stable 

and predictable policy environment is thus critical for scaling biomethane infrastructure (Eker 

& van Daalen, 2015). 

Market conditions also pose economic challenges for biomethane producers, 

particularly due to fluctuations in feedstock prices, which affect production costs given the 

reliance on organic waste streams like manure and agricultural residues (Angelidaki et al., 

2018). This price volatility increases financial risk, prompting the need for long-term contracts 

and stable sourcing strategies. Additionally, the co-product market, especially for digestate as 

biofertilizer, remains underdeveloped, limiting supplementary revenue opportunities (Leguijt 

et al., 2024). 

Another crucial factor shaping the biomethane market is the ‘green’ value obtained 

through certification systems under the EU RED directive, such as ISCC EU, which allows 

Dutch producers to earn revenue beyond the gas price by monetizing environmental benefits 

(European Commission, 2023). EU RED defines two market segments with specific CO2 

reduction thresholds: transport fuels must achieve at least a 65% reduction (≤32.9 g CO2-

eq/MJ), while heating and cooling fuels require an 80% reduction (≤16 g CO2-eq/MJ). These 

certification mechanisms enhance the financial viability of biomethane by assigning value to 

its climate benefits. 

2.2.1 European emission trading systems 

The financial green value of biomethane is strongly linked to EU climate policies that assign 

market value to emission reductions, notably through the EU Emissions Trading System (EU 
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ETS) and its extensions: ETS 1 for industry and energy, ETS Maritime for shipping, and ETS 

2 for buildings and road transport. These instruments create market incentives for low-carbon 

alternatives, boosting the competitiveness of biomethane in key sectors. ETS 1, the EU’s main 

emissions cap-and-trade system since 2005, covers about 45% of total EU emissions, including 

large Dutch facilities in power, heat, and industrial sectors (European Parliament & Council, 

2003). With CO2 prices exceeding €100 per tonne in 2023, low-emission technologies such as 

biomass-fired combined heat power (CHP) systems and heat pumps have become more 

financially viable, accelerating decarbonization in heating and cooling. As of 2024, maritime 

transport is included in ETS, requiring ships over 5,000 gross tonnage to offset emissions on 

European Economic Area (EEA) routes, thus driving demand for green fuels despite 

infrastructure and cost challenges (Harvey, 2025). The upcoming ETS 2 targets buildings and 

road transport, classifying EU RED-certified biomethane as zero-emission and creating strong 

incentives for fuel suppliers. The Netherlands has opted to integrate biomethane into ETS 2 via 

its blending obligation (Leguijt et al., 2024; NEa, 2024), further aligning national policy with 

EU carbon pricing (De Boer & Van den Boom, 2023). 

2.2.2 Biomethane production expenditures  

Beyond policy and market factors, the operational expenditure (OPEX) structure of anaerobic 

digestion installations significantly influences the economic viability of biomethane production 

in the Netherlands. An analysis of eighteen digesters shows that substrate costs average 31% of 

total OPEX, with extremes over 80%, depending on feedstock type and sourcing strategy 

(Velghe & Wierinck, 2013). Capital costs (CAPEX), including depreciation and interest, also 

average 31%, particularly impacting externally financed plants. Maintenance accounts for 12% 

on average but varies from 3% to 28% due to equipment age and failures affecting biogas yield. 

Electricity costs, tied to mixing, heating, and pumping, are installation-specific and influenced 

by factors such as digestate viscosity and component efficiency. Personnel costs average 6%, 

ranging from 2% to 11%, depending on automation and process complexity. Larger installations 

tend to benefit from economies of scale, lowering relative labour costs and improving efficiency 

(Velghe & Wierinck, 2013). 

2.3 Operational factors influencing biomethane production 

Optimizing operational factors is essential for scaling biomethane production and meeting 

Dutch and EU renewable energy targets. Operational excellence, defined as the continuous 

improvement of industrial efficiency and sustainability, relies on advanced technologies, 
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effective feedstock management, logistical efficiency, and process optimization (Mueller & 

Mueller, 2020). A key challenge is feedstock variability, as fluctuations in manure and organic 

waste impact yields. Multi-feedstock anaerobic digestion (Kamusoko et al., 2019) and pre-

treatment methods like enzymatic and thermal hydrolysis (Mata-Alvarez et al., 2014) can 

enhance substrate degradability and methane output. Moreover, iron-based additives such as 

magnetite and zero-valent iron significantly boost methane production, by up to 96.7% (Liu et 

al., 2021), by enhancing microbial electron transfer, stabilizing processes, reducing hydrogen 

sulphide, and supporting volatile fatty acid degradation (Pilarska et al., 2024).  

Biogas upgrading remains capital- and energy-intensive, posing a challenge to 

operational efficiency. Common methods for biogas upgrading like water scrubbing, chemical 

absorption, and membrane separation require high energy inputs, limiting economic feasibility 

(Martín-Hernández, Guerras, & Martín, 2020). While alternatives such as cryogenic separation 

and pressure swing adsorption offer potential, they still lack technological maturity (Bauer et 

al., 2013). Advances in automation and digitalization, particularly AI-driven process control, 

support real-time optimization, predictive monitoring, and adaptive regulation, improving 

methane yield and system stability (Khan et al., 2022).  

Infrastructure limitations, especially in rural areas, hinder biomethane distribution and 

grid integration by raising transport costs and limiting scalability (Lozanovski et al., 2014). 

Decentralized upgrading and injection hubs offer a potential solution (Leguijt et al., 2024). 

Moreover, standardized injection protocols and pressure regulations are vital for seamless 

integration with existing gas networks (EBA, 2023).  

3.3 Environmental factors 

Biomethane production has gained prominence as a renewable energy source, yet its 

environmental sustainability is influenced by a wide array of factors. The primary 

environmental concerns include methane leakage, feedstock availability and competition, land 

use change, water consumption, air pollution, soil degradation, and biodiversity loss. While 

biomethane is generally considered a low-carbon alternative to fossil fuels, these environmental 

trade-offs must be carefully assessed. 

Methane leakage remains an issue, as methane has a global warming potential 28 times 

that of carbon dioxide over a 100-year period (Bienert et al., 2019). During the anaerobic 

digestion and upgrading processes, unintentional methane emissions can undermine the overall 

climate benefits of biomethane production (Batlle-Vilanova et al., 2015). Effective gas capture 
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technologies, improved leak detection, and strict regulatory oversight are essential to mitigating 

these emissions. 

Feedstock availability and competition represent another challenge. The increasing 

demand for organic materials such as manure, agricultural residues, and municipal waste may 

lead to resource competition between biomethane production, soil fertility management, and 

livestock feed (Wigboldus et al., 2016). Moreover, intensive feedstock harvesting can 

exacerbate soil degradation by reducing organic matter input and altering nutrient cycles 

(Scarlat et al., 2018). Soil health can be adversely affected by the removal of organic material 

for biomethane production. Excessive biomass extraction may lead to reduced soil organic 

carbon levels, decreasing soil fertility and resilience (Paustian et al., 2016). However, proper 

digestate management can partially offset these losses by returning nutrients and organic matter 

to the soil (Möller & Müller, 2012). 

Biodiversity loss and land use change are environmental concerns linked to biomethane 

feedstock cultivation, especially the use of monoculture energy crops like maize, which can 

reduce habitat availability, harm pollinators (Dauber, Jones, & Stout, 2010), and disrupt 

landscape connectivity (Fargione et al., 2010). Expanding cropland may also lead to 

deforestation, soil erosion, and biodiversity decline (European Parliament & Council, 2018), 

while indirectly displacing food production to ecologically sensitive areas, a process known as 

indirect land use change (ILUC) (Searchinger et al., 2008). However, in the Netherlands, ILUC 

risks are limited due to strict land use regulations and constrained land availability. 

Air pollution associated with biomethane production arises from emissions of nitrogen 

oxides, volatile organic compounds, and ammonia from feedstock storage, anaerobic digestion, 

and digestate application (Börjesson & Berglund, 2006). These pollutants deteriorate air quality 

and may have negative health and odour implications for nearby communities. 

3.3.1 Greenhouse gas emissions 

The EU RED directive offers a standardized methodology for calculating greenhouse gas 

(GHG) emissions and savings across the entire biomethane supply chain. (European Parliament, 

& Council., 2018). Cultivation emissions (eec) cover fertilizer use, land management, and soil 

emissions, calculated using actual or disaggregated default values under EU RED. Land-use 

change emissions (el) are also assessed to avoid environmental degradation. Processing 

emissions (ep) stem from energy-intensive steps like anaerobic digestion and upgrading, with 

the directive emphasizing efficient technology use and energy recovery to minimize these 

impacts. Transport and distribution emissions (etd) are calculated based on mode, fuel type, and 
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distance, including grid injection-related losses. Emission savings from improved agricultural 

practices (esca), such as conservation tillage or cover cropping, are credited to encourage 

carbon sequestration (European Commission, 2022). Further emission reductions can be 

achieved via CO2 capture for utilization (eccr) or geological storage (eccs), both of which must 

be verified and documented. Together, these components enable the EU RED directive to offer 

a robust and transparent tool for assessing and reducing the environmental footprint of 

biomethane production. 
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Ch 3. Methodology 

This chapter presents the methodological approach used to identify leverage points for scaling 

biomethane production in the Netherlands. Grounded in a constructivist epistemology, the study 

combines a narrative literature review, semi-structured interviews, and MCDA. This mixed-

method design integrates theoretical insights with stakeholder input to address the system’s 

economic, operational, and environmental complexity. 

3.1 Epistemological choices 

This study is grounded in a constructivist epistemology, aligning with its qualitative, system 

dynamics-based approach to identifying leverage points for scaling biomethane production in 

the Netherlands. Constructivism sees knowledge as co-created through researcher-context 

interaction (Schwandt, 1994), making it well-suited to complex systems. Grounded theory 

(Glaser & Strauss, 1967) and semi-structured interviews (Bryman, 2016) emphasize 

stakeholder narratives, while system dynamics (Sterman, 2000; Repenning, 2003; De Gooyert, 

2018) builds models from shared mental representations. CLDs, SFDs, participatory validation, 

and MCDA incorporate contextual values (Belton & Stewart, 2002; Lienert et al., 2022), 

supporting iterative, interpretive modelling (Buzogany et al., 2024). 

The focus on producers as the sole actor group ensures epistemological and 

methodological coherence. Including other stakeholders would introduce divergent knowledge 

frames, reducing internal validity. System boundaries reflect external factors through producers’ 

perspectives, preserving parsimony without neglecting complexity. A broader scope would 

exceed the feasibility of this research and dilute empirical depth. Combining grounded theory 

(Charmaz, 2006) and system dynamics, the research reflects shared, situated insights rather than 

objective truths (Pruyt, 2006). The final MCDA phase integrates stakeholder priorities with 

system-level dynamics, enabling structured decision-making (Belton & Stewart, 2002) in a 

complex policy environment. 

3.1.1 Internal validity 

Internal validity refers to the extent to which the findings accurately reflect the reality 

constructed by participants and are coherently represented in the system model (Yin, 2018). 

This study ensured internal validity through several interrelated strategies. First, 

methodological triangulation (Franklin & Ballan, 2001) was applied by combining a narrative 

literature review, semi-structured interviews, and MCDA. Second, theoretical insights were 

iteratively refined between empirical data and preliminary modelling (Vennix, 1996), ensuring 
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consistency between stakeholder experiences and model structures (Sterman, 2000). Third, all 

interviews followed a standardized protocol, and transcripts were manually reviewed and 

analysed. Lastly, participatory model validation occurred throughout the research, whereby 

stakeholders confirmed model elements and causal logic during interview and MCDA sessions. 

3.1.2 External validity 

External validity concerns the transferability of findings to other contexts (Yin, 2018). As the 

study focuses on Dutch biomethane producers within the policy frameworks of the Netherlands 

and the EU (e.g., SDE++, EU RED, EU ETS), generalizability is context-bound. However, by 

detailing the regulatory, economic, and operational environment, this research offers analytical 

generalization (Franklin & Ballan, 2001). The system dynamics model and leverage points may 

inform comparable bioenergy systems in other EU member states, especially where similar 

institutional conditions and policy mechanisms are in place.  

3.1.3 Reliability 

In qualitative system dynamics research, reliability is achieved through methodological 

transparency and replicability of the research process (Franklin & Ballan, 2001). This study 

enhances reliability through clear documentation of interview protocols (Appendices II–IV), 

detailed classification of stakeholders (Table 1), and systematic data processing procedures. 

Consistency was ensured by summarizing responses per interviewee and per interview question 

(Appendix V), allowing traceability of themes across participants. The MCDA methodology 

followed a standardized eight-step protocol (Lienert et al., 2022), and robustness was assessed 

through sensitivity analysis (Appendix XIII). These procedures allow other researchers to 

retrace decisions and replicate the logic of the analysis, even if identical results cannot be 

expected due to the constructivist nature of the data. 

3.2 Ethical considerations 

This study adhered to the ethical principles of the American Psychological Association, respect 

for persons, beneficence, and justice, to ensure integrity, transparency, and accountability 

throughout the research (American Psychological Association, 2002). Informed consent was 

obtained from all participants, who were fully briefed on the study’s purpose, procedures, and 

their rights, including the right to withdraw without consequence. Confidentiality and 

anonymity were safeguarded through secure data handling and anonymization. The study 

minimized potential harm and emphasized societal benefit by generating insights into 

biomethane production in the Netherlands. Transparency was maintained through open 
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communication, fostering trust and candid participation. Interactions with stakeholders were 

conducted impartially and objectively, with data integrity prioritized. All findings were reported 

accurately, and any conflicts of interest were disclosed. The principle of justice was upheld by 

ensuring diverse perspectives and equitable treatment of all participants, reinforcing the ethical 

and scholarly standards of the research. 

3.3 Data collection procedures 

The data collection for this research followed a structured, multi-phase approach consistent with 

the qualitative system dynamics methodology outlined. Three primary methods were employed: 

a narrative literature review, semi-structured interviews with stakeholders, and a MCDA 

exercise. These procedures were sequentially and iteratively conducted to ensure 

comprehensive insight into the economic, operational, and environmental leverage points for 

scaling biomethane production in the Netherlands. 

3.3.1 Narrative literature review 

The data collection process commenced with a narrative literature review, which led to a 

comprehensive understanding of the multifaceted factors influencing biomethane production in 

the Netherlands. Unlike a systematic literature review, which follows a rigid and protocol-

driven methodology focused on exhaustive coverage of predefined research questions, a 

narrative review allows for greater flexibility and interpretive depth (Baumeister & Leary, 

1997). This approach was particularly suitable for the exploratory nature of the study, which 

sought to uncover dynamic interdependencies among economic, operational, and 

environmental variables. In addition to peer-reviewed scientific literature, grey literature, such 

as policy documents, government reports, and industry publications, were also consulted; given 

the policy-driven and practice-oriented nature of the biomethane sector. To ensure transparency, 

an overview of the search terms used and the stakeholder organizations whose publications 

were reviewed is provided in Appendix I. 

The narrative review enabled the integration of diverse theoretical perspectives, 

providing a broad foundation for developing the preliminary model and interview guide. It 

supported the iterative synthesis of key themes, drawn from academic and industry sources. 

This flexible approach aligns with the value of narrative reviews in business research, where 

broad theory development is often needed (Juntunen & Lehenkari, 2021). The review also 

informed the system boundaries and initial causal assumptions of the system dynamics model, 

grounding the empirical phases in a well-contextualized framework. 
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3.3.2 Semi-structured interviews 

The second phase involved semi-structured interviews with Dutch biomethane producers. 

Participants were selected via the researcher’s professional network and expanded through 

snowball sampling. A stakeholder identification framework was developed to ensure systematic 

coverage, based on two dimensions: production capacity and producer type, reflecting 

classifications relevant to Dutch policy and market structures. 

On the vertical axis, producers were categorized by biomethane output, based on Leguijt 

et al. (2024), with ‘small’ producers excluded due to limited SDE++ project realization (RVO, 

2023). Categories included medium-small (32.000 to 3.200.000 m3/year), medium-large 

(3.200.000 to 20.000.000 m3/year), and large (>20.000.000 m3/year). On the horizontal axis, 

the SDE++ categories (Lensink & Eggink, 2025) were adapted to include: mono-manure 

digestion, sludge digestion at municipal wastewater plants (RWZI’s), and all-digestion, which 

was further divided into 'AD agricultural link' and 'AD industrial link' based on feedstock origin. 

This refinement was informed by EU RED certification data from sources such as ISCC System 

GmbH (2025) and Better Biomass (2018). 

Categories not involving anaerobic digestion (e.g., biomass composting) or outside the 

technological focus (e.g., life extension of older units) were excluded. Additionally, a category 

termed 'AD investment link' was added for firms managing multiple AD sites under a single 

investment strategy. The resulting classification matrix (see Table 1) shows the intersection of 

scale and producer type, with “X” symbols indicating stakeholder representation. This approach 

enabled a nuanced understanding of the sector’s diversity and systemic challenges. 

 

Size/company Mono-

manure 

Agricultural Industrial RWZI Investment 

link 

Medium small X 

 

X 

 

X-X 

 

 

X  

Medium large  X-X-X X-X-X X X 

Large X    X 

 

Table 1. Classification interviewees (own work). 

Interviews were conducted to validate the theoretical findings, identify missing variables, and 

uncover practical challenges experienced by biomethane producers. The interview protocol was 



20 

 

 

derived from the conceptual model developed during the literature review phase. All interviews 

were conducted in Dutch, interviewees received a formal interview invitation where the 

background of this study was elaborated on (Appendix II). Furthermore, every interview 

followed the same structure regarding the topic list in the interview protocol (Appendix IV). 

Also, the researcher followed the interview introduction in appendix III. All interviews were 

recorded (with consent), transcribed, analysed and summarized per interview question 

following grounded theory techniques. The process continued until data saturation was 

achieved, with a total of 14 interviews conducted. 

3.3.3 Multi-Criteria Decision Analysis (MCDA) 

In the final data collection phase, a MCDA was conducted to prioritize leverage points 

identified earlier. This practice enhances decision-making by structuring preferences and 

supporting the evaluation of alternatives with multiple criteria (Munda, 2004). Biomethane 

producers who had participated in interviews were invited to individual decision-making 

sessions to evaluate potential interventions across operational, economic, and environmental 

criteria relevant to their context.  

The choice to include MCDA as a follow-up to the system dynamics modelling is 

motivated by the complementary strengths of both methods. While system dynamics is 

particularly effective at mapping causal complexity, identifying leverage points and 

understanding the dynamic consequences of interventions, it tends to fall short when it comes 

to supporting explicit evaluation and prioritization of options (Santos et al., 2002). In contrast, 

MCDA offers a well-established methodology for incorporating stakeholder preferences and 

dealing with trade-offs in a transparent and participatory way (Belton & Stewart, 2002). As 

argued by Santos et al. (2002), MCDA can help overcome one of the core limitations of system 

dynamics: the difficulty of moving from insight to structured choice. To ensure consistency and 

conceptual alignment, the MCDA was strictly based on the SFD developed during the system 

dynamics modelling process. The relevant variables included in the SFD were identified 

through a narrative literature review and semi-structured interviews with biomethane producers, 

ensuring the inclusion of perspectives grounded in practice and research. Any variables or 

perceptions not captured in the SFD were considered external to the model boundary and thus 

excluded from the MCDA. This approach was adopted to preserve internal coherence between 

the structural model and the decision framework, thereby maintaining the integrity of both the 

modelling and evaluation processes. The MCDA process followed the eight-step MCDA 

Etienne Rouwette
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framework by Lienert et al. (2022), allowing participants to weigh and score interventions in a 

structured and transparent manner. 

Steps 1–3 (defining the decision context, identifying stakeholders, and clarifying 

objectives) were addressed in the introduction and theoretical background, framing the aim as 

scaling biomethane production to 2 bcm by 2030. Step 4 (developing system options) was 

implemented during interviews, where participants proposed interventions at the end of each 

thematic section. Step 5 (eliciting preferences) was omitted, as preferences were already 

embedded in participants’ responses; the most frequently mentioned criteria were selected for 

use in the MCDA. Step 6 involved conducting individualized ranking sessions via Microsoft 

Teams. The researcher shared his screen to present the selected interventions and criteria, after 

which each participant rated the impact of each intervention per criterion on a scale from 1 

(least impactful) to 5 (most impactful). This real-time setup enabled clarification, interactive 

discussion, and direct documentation of responses, ensuring consistency and transparency in 

data collection. The results were then aggregated, and analysed based on the weighted average, 

standard deviation and the range outcomes relative to variation across responses (step 7), with 

outcomes presented in the results chapter. Finally, step 8 involved interpretation of these 

findings within broader system dynamics, as discussed in the discussion chapter.  

3.4 Data analysis  

The data analysis followed qualitative principles grounded in system dynamics and grounded 

theory. The aim was to translate stakeholder interview insights into a structured understanding 

of leverage points for scaling biomethane production in the Netherlands. Five key analytical 

steps were conducted: transcription and refinement of interview data, thematic summarization, 

model adaptation, formulation of decision criteria, and identification of leverage points. 

All 14 semi-structured interviews were recorded with consent via Microsoft Teams and 

transcribed automatically. Transcripts were manually reviewed to ensure accuracy and preserve 

context. Thematic summaries were compiled per interview and question (Appendix V), 

enabling systematic cross-case comparison and the identification of recurring patterns 

consistent with inductive analysis. 

Interview insights informed a critical revision of the preliminary CLD, resulting in a 

SFD that more precisely captured dynamic processes. The SFD incorporated new variables and 

relationships raised by interviewees, offering a refined system representation tailored to the 

Dutch context. 
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From the interviews, decision criteria were derived, reflecting key operational, 

economic, and environmental concerns. Recurring and broadly supported criteria were 

prioritized. These informed a set of interventions evaluated in individual MCDA sessions using 

Likert-scale ratings. Aggregated scores formed the empirical basis for prioritizing leverage 

points and identifying effective strategies for sectoral scaling. 
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Ch 4. Results 

This chapter presents the empirical findings of the study, structured to address the central 

research question: “What are the leverage points for biomethane producers in the Netherlands 

to be able to produce more biomethane?” The interview insights were used to critically evaluate 

and expand the original CLD (Appendix VII), answering sub research questions 4 to 6, build 

on the basis of the theoretical framework into a more detailed SFD (Appendix VIII), answering 

sub research question 7. On the basis of the SFD the MCDA results (Appendix X – XIII) are 

presented answering sub research question 8 and 9. The results are organized thematically 

around the three key domains identified in the theoretical and methodological framework: 

operational, economic, and environmental. Each section includes: a revised systems model and 

biomethane producer-identified decision criteria.  

4.1 Operational theme 

4.1.1 Feedstock, additives supply & pre-treatment  

The supply of feedstock and additives forms the operational backbone of biomethane 

production. Stability, diversity, and quality of feedstock streams, alongside pre-treatment 

processes and additives, directly influence biogas yields, system reliability, and overall process 

efficiency. 

 Most producers employ a diverse mix of feedstocks, combining high-yield organic 

waste with regulatory-advantaged inputs such as manure, which qualify for double-counting or 

other certificate benefits. Strategic feedstock sourcing often depends on three criteria: (1) gas 

yield per ton, (2) certification status (EU RED), and (3) logistical feasibility (transport distance, 

contaminant load). Producers stressed the importance of local sourcing to reduce transport 

emissions and ensure regular supply. Several installations benefit from vertically integrated 

supply chains, where owners also operate upstream waste-generating businesses, ensuring 

feedstock certainty. However, seasonal variability and market competition for waste streams 

were cited as key operational risks. Droughts or harvest failures reduce available agricultural 

residues, while tightening regulations on specific waste categories can suddenly render streams 

unusable 

 The model highlights feedstock storage as a central stock. Many producers use buffer 

tanks or silos to mitigate fluctuations in availability and quality. Additives, such as co-substrates 

and process enhancers, are also buffered to stabilize biological digestion. Despite storage 
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helping smooth supply volatility, interviewees noted that limited buffer capacity constrains 

flexibility, particularly in facilities handling high-turnover or highly variable. 

 Additives such as enzymes, micronutrients, and pH stabilizers are widely used to 

enhance microbial digestion. Interviewees identified them as essential for maintaining digester 

health. Some interviewees had facilities with in-house biologists or laboratory capabilities to 

adapt additive strategies on a day to day basis.  

 The role of pre-treatment varies significantly across facilities. Industrial waste related 

sites often mechanically decontaminate and homogenize feedstocks before digestion. Some 

plants further apply thermal or enzymatic hydrolysis, especially when targeting higher biogas 

yields or preparing digestate for refined downstream use. However, pre-treatment also 

introduces additional energy use and maintenance complexity, with some interviewees 

choosing to limit or eliminate it in favour of simpler biological systems. In general, pre-

treatment decisions balance operational simplicity against performance optimization, often 

shaped by infrastructure age, permit limitations, and strategic outlook. 

 

4.1.2 Turning feedstock into gas 

Anaerobic digestion remains the core transformation process in all biomethane production 

facilities studied. The operational effectiveness of anaerobic digestion is influenced by 

feedstock composition, residence time, mixing technologies, thermal parameters, and microbial 

health. Interviewees emphasized the need to balance biological stability with yield 

optimization. For example, operators cited maintaining a consistent feedstock mix and carefully 

managing ammonium concentrations as key to avoiding microbial inhibition and ensuring high 

methane yields. In more advanced setups, real-time monitoring of temperature, gas output, and 

Figure 2. Stock and Flow Diagram: feedstock, additives and pre-treatment (Appendix VIII). 
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microbial activity is carried out, often supported by in-house labs or external consultants. One 

large-scale operator even experiments with AI-driven feedstock dosing models to fine-tune 

digestion dynamics based on historical data. Facilities using mono-manure or sewage sludge 

generally work with simpler process configurations and fewer pre-treatment steps, reflecting 

the lower variability in feedstock types. 

 Post-digestion, biogas is typically upgraded to biomethane via membrane separation. 

Most producers identified upgrader capacity as a bottleneck, especially as production volumes 

increase. One interviewee noted that existing systems were not initially sized for full 

biomethane conversion, leading to partial reliance on CHP units and, in some cases, gas flaring 

during peaks. In the expanded model, the biogas-to-upgrader and biomethane-to-grid flows are 

depicted as pivotal to total gas output. Upgrading efficiency directly impacts the economic 

performance and CI score of the installation. Some sites report >95% methane recovery 

efficiency, while other, older facilities, are planning or implementing upgrader modernization 

projects. 

  Carbon capture and storage (CCS/CCR) is an emerging practice to reduce the 

lifecycle emissions of biomethane, though its adoption is limited by permitting hurdles and high 

energy demands. Some frontrunning producers already capture and liquefy CO2 for resale, 

particularly to the horticulture sector. In the system model, carbon capture is represented by 

balancing loop B3 (detailed in section 4.3.2), where high CI prompts efforts to close the 'CI 

gap' through increased adoption of capture technologies. These generate carbon capture savings 

(Ccs), lowering net emissions and improving CI scores, an outcome rewarded by certification 

systems. However, implementation is often delayed due to limited grid capacity, as CO2 

compression and liquefaction are highly energy-intensive. 

 Methane leakage, both at the digestion and upgrading stages, was consistently cited as 

a critical environmental and economic concern. Some producers deploy infrared cameras and 

gas sensors for continuous leak detection, while others conduct periodic manual checks. 

Particularly in older or smaller facilities, leakage monitoring is underdeveloped, despite its 

relevance for both CI performance and public legitimacy. This process is captured in 

environmental balancing loop B2 which will be elaborated on more in section 4.3.2. 

 Digestate, the solid and liquid residue from anaerobic digestion, continues to pose 

significant operational and regulatory challenges. Depending on the type of feedstock and 

regional legislation, digestate may be classified as either a manure or waste, with corresponding 

implications for disposal cost, treatment requirements, and valorisation potential. Interviewees 
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widely criticized the rigid policy frameworks around digestate classification, particularly the 

default treatment of waste-origin digestate as an “afvalstof,” which excludes it from agricultural 

reuse regardless of quality. Some producers are investing in drying, pelletizing, or blending 

digestate with high-nitrogen biomass to create saleable co-products. Others simply treat 

digestate as a cost burden, incinerating or exporting it under tight regulatory control. From a 

systems perspective, digestate management influences both environmental aspects (via 

transport and energy use) and economic feasibility. Emerging frameworks such as Renure may 

shift this balance in the near future. 

 

4.1.3 Electricity use & Heat use 

Electricity and heat are critical inputs in biomethane production, powering systems such as 

digesters, upgrading units, and carbon capture. Interviewees described varying energy strategies 

shaped by site-specific grid constraints, cost pressures, and emission goals. In the stock-and-

flow model, electricity is represented as a dynamic stock sourced from internal generation (e.g. 

Figure 3. Stock and Flow Diagram: anaerobic digestion, biogas upgrading, electricity and digestate (Appendix VIII). 
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CHP, solar PV) and the external grid. While CHP enhances energy autonomy, it reduces gas 

available for upgrading; solar is limited by space and load mismatches. Grid congestion was 

widely cited as a major barrier, restricting electricity flows and complicating shifts from CHP 

to full upgrading. Electricity use also affects product CI, as captured in balancing loop B1 (see 

section 4.3.2), where higher electricity demand raises CI and prompts efficiency investments. 

Heat, essential for maintaining digester temperatures, is similarly modelled as a demand-supply 

stock, mostly sourced from CHP. Seasonal imbalances and inefficient systems, like oversized 

infrastructure or high-temperature pumps, increase electricity use and CI. Limited residual heat 

exchange and poor thermal integration further constrain efficiency. Enhancing insulation, 

thermal design, and low-temperature operations can reduce both emissions and operational 

costs. 

4.1.4 Operational excellence  

Operational excellence is a key factor in achieving stable and scalable biomethane production. 

Producers emphasized that minimizing downtime through preventive maintenance, system 

redundancy (such as backup pumps), and real-time monitoring significantly improves output 

reliability. Investments in energy optimization, including automated control of heating, 

Figure 4. Stock and Flow Diagram: operational excellence (Appendix VIII). 
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upgrading, and pumping systems, help lower electricity use per unit of gas produced, improving 

both cost efficiency and CI. In parallel, digital innovation, such as supervisory control and data 

acquisition systems and AI-based process control, enhances operational responsiveness and 

predictive capabilities. As reflected in the model, operational excellence supports higher gas 

output and lower emissions through improved uptime, smarter energy use, and integrated 

process management. 

4.1.5 Operational criteria analysis 

During the interviews, a wide range of operational criteria were identified by the interviewees, 

reflecting the diversity of practices and priorities among biomethane producers. To provide 

analytical focus, these criteria were systematically reviewed and categorized (Appendix VI). 

The following criteria were also used in the MCDA. Based on relevance, recurrence, and 

systemic impact, four main operational themes emerged, each supported by a curated selection 

of criteria: 

Stable and scalable process performance 

Several criteria emphasized the need for consistency, resilience, and control in the digestion and 

upgrading processes. This includes maintaining digester stability, increasing biomethane yield 

through small, continuous gains, minimizing downtime, and avoiding unnecessary technical 

complexity. These practices support process continuity, reduce operational disruptions, and 

create the foundation for future scaling. 

Efficient and cost-effective digestate and byproduct management 

Digestate handling emerged as a major operational concern, with a focus on reducing disposal 

costs, managing nutrient content, and integrating digestate into composting or refinement 

processes. Producers aim for efficient, legally compliant, and cost-conscious solutions that align 

with both environmental obligations and operational feasibility. 

Feedstock security 

Ensuring a stable, certified, and cost-effective feedstock supply was a universal priority. 

Relevant criteria include local sourcing of low-grade streams, managing seasonal variability, 

optimizing logistical capacity, and maintaining flexibility in feedstock types. Many producers 

also emphasized the importance of internal control over feedstock pre-treatment and long-term 

procurement contracts. 
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Infrastructure and permit readiness for expansion 

Many producers linked operational performance to infrastructural and regulatory enablers. Key 

criteria included grid connection availability, flexibility in permit structures, and technical 

feasibility of integrating new units or technologies. These factors are seen as prerequisites for 

growth and long-term continuity.  

4.2 Economic theme 

The economic foundation of biomethane production rests on managing operational and capital 

expenditures while generating sufficient turnover to sustain and scale the business. Interviews 

revealed that financial strategies vary widely across organizations, depending on company size, 

subsidy reliance, ownership structure, and contractual arrangements. 

4.2.1 OPEX, CAPEX and turnover 

Operational expenditures (OPEX) represent the ongoing costs of running a biomethane 

installation. The interviews showed that these costs are dominated by feedstock acquisition, 

electricity, digestate disposal, heat, and personnel. The specific weight of each cost component 

varies by feedstock type, processing intensity, and level of automation. For producers dependent 

on external feedstock, acquisition costs can be volatile, especially when dealing with 

competitive waste streams or high-certification requirements. Digestate costs are another 

significant burden, particularly when regulations prohibit land application and require 

incineration or export. internal electricity generation through CHP can offset energy costs, but 

this limits biomethane output. 

 Capital expenditures (CAPEX) refer to investments in physical infrastructure, digesters, 

upgrading units, storage tanks, and automation systems. These are financed either through own 

capital investment or external capital investment, depending on company structure and access 

to financing. The interviews showed that high capital intensity, long payback periods, and 

regulatory uncertainty discourage some producers from making investments. Larger companies 

often spread risk over multiple sites or phases, while smaller firms expressed concern about 

upfront financing barriers and the risk of stranded assets if policy frameworks shift. 

 Turnover is primarily driven by two financial streams: the gas offtake agreement (based 

on volume and spot or fixed prices) and the ‘green’ value offtake agreement, such as guarantees 

of origin (GO’s), renewable fuel units (HBE’s), or other certification-linked premiums. Several 

interviewees noted that the financial value of green certificates often exceeds the value of the 

gas itself. However, both gas and certificate revenues are subject to market fluctuations and 
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contract conditions. Producers emphasized the importance of strategic contracting, some prefer 

long-term stability, while others trade on the spot market to maximize short-term margins. 

4.2.2 Governmental procedures 

Permitting procedures are a key constraint in the development and expansion of biomethane 

installations. Interviewees highlighted frequent delays in securing grid injection rights, 

environmental permits, and feedstock volume authorizations. These delays create a permit gap 

that directly affects the ability to scale production. Uncertainties around evolving certification 

standards and inconsistencies between national and local regulations further complicate project 

timelines. Without predictable permitting pathways, producers cannot synchronize 

infrastructure expansion with contractual obligations, which undermines both investor 

confidence and market reliability. 

Policy certainty emerged as a major enabler of strategic investment and operational 

planning. Legislation such as the blending obligation, EU ETS, EU ETS 2 and EU ETS 

Maritime establish binding market demand, but their impact depends on clear timelines, 

enforceability, and consistent certification systems. Producers stressed that policy ambiguity 

discourages long-term commitments, both from financial institutions and off takers. 

Conversely, clear and enforceable policies create stable expectations, allowing producers to 

plan expansions, negotiate financing, and secure supply contracts with greater certainty. 

4.2.3 Financial value 

Gas and ‘green’ output volumes are increasingly tied to formal offtake agreements, which 

determine the financial viability of biomethane operations. the gas offtake agreement governs 

the physical volume and pricing mechanism (fixed or indexed), while the green offtake 

agreement covers certificates such as HBE’s, GO’s, or other carbon-related premiums. in many 

cases, the green component contributes more to turnover than the gas itself. market demand for 

Figure 5. Stock and Flow Diagram: OPEX, CAPEX and turnover (Appendix VIII). 
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these certificates is shaped by policy frameworks, and their financial value depends on 

compliance pressure in regulated sectors.  

Diversification of the sales portfolio is an important risk management strategy that 

directly influences the contract term and the financial value of both gas and green components. 

producers who serve multiple end-use markets, such as transport, heating, and industry, are less 

exposed to policy or market shifts in a single sector. This flexibility allows them to secure more 

favourable contract terms, including more fitting durations and price guarantees. 

Balancing loops B4 and B5 illustrate how increased gas or green output eventually 

meets systemic constraints. In loop B4, as more gas is produced and injected into the grid, the 

gap between actual and target gas quantity narrows. This reduces the pressure to secure new 

feedstocks, which in turn lowers input to anaerobic digestion and ultimately dampens future 

gas output. Loop B5 follows a similar pattern: as green-certified output increases, demand for 

Figure 6. Stock and Flow Diagram: financial value and policy environment (Appendix VIII). 
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EU RED-compliant feedstocks decreases, leading to lower digestion input and eventually 

reduced green gas volumes. Both loops show that without aligning feedstock availability and 

permit capacity with policy-driven demand, growth may become self-limiting. 

4.2.4 Economic criteria analysis 

From the interviews, a wide array of economic criteria emerged. These criteria were 

systematically reviewed, compared, and distilled into three core economic dimensions that were 

most consistently relevant across stakeholders (Appendix VI). The selected criteria were 

grouped under the following themes: 

Policy certainty and implementation of the blending obligation 

Producers consistently emphasized that long-term policy certainty, especially regarding the 

blending obligation and related instruments like the SDE++ subsidy, is fundamental for 

investment confidence. Criteria such as expected green gas demand growth, subsidy stability, 

and the role of blending targets in shaping market value underscore regulation’s critical role. 

Predictable policy frameworks were seen as essential for financing, securing offtake 

agreements, and infrastructure planning, justifying the inclusion of policy certainty in the 

MCDA as a cornerstone of economic viability. 

Revenue predictability via strategic contracting and market diversification 

To manage market volatility and ensure stable cash flow, producers rely on strategic contracting 

and market diversification. Criteria in this theme include securing long-term gas and certificate 

contracts, balancing exposure to spot markets, and maintaining flexibility across customer 

sectors (e.g. municipal, industrial, transport). Producers linked contract strategy directly to 

income predictability, investment risk management, and business continuity under changing 

policy conditions. 

Building a profitable, risk-resilient business case (with or without subsidies) 

Interviewees stressed the need to develop financially viable business models that remain robust 

even without subsidies. Key criteria include achieving reliable ROI, internal alignment on long-

term planning, flexible expansion strategies, cost-sharing mechanisms, and financial autonomy. 

The ability to absorb market shocks and use subsidies strategically, without full dependency, 

was viewed as vital to long-term resilience and securing corporate approval. 
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4.3 Environmental theme 

The environmental performance of biomethane production is increasingly defined by its CI 

score. this score, which quantifies lifecycle greenhouse gas emissions per unit of biomethane, 

has become a central metric for regulatory compliance, green certification, and financial 

eligibility under schemes such as the EU ETS and blending obligation frameworks. 

4.3.1 Carbon intensity 

The CI of biomethane is influenced by multiple factors, including energy consumption (Ep), 

transport emission (Etd), methane leakage and, carbon capture performance. Interviewees 

consistently identified these components as critical levers for improving environmental 

outcomes. Reducing electricity use, minimizing methane slip during upgrading, and capturing 

CO2 were the most commonly cited interventions for emission reduction. In the system model, 

all emission streams converge in a stock representing total emissions, which directly determines 

the CI score. This score is then compared to external benchmarks, creating a CI gap the 

difference between actual performance and required standards or contractual thresholds. 

4.3.2 CI improvement practices 

To close the CI gap, producers implement a range of CI improvement practices. These include 

energy efficiency upgrades, leak detection and repair programs, and investments in carbon 

capture systems. interviewees noted that these efforts are increasingly required not only to meet 

legal obligations but also to qualify for green value premiums, such as certificates tied to CI 

performance or participation in voluntary offset markets. The system dynamics model captures 

these practices through three distinct balancing loops: 

• Loop B1: CI improvement via energy efficiency; as CI increases, the CI gap widens, 

which triggers improvements in energy efficiency. These reduce electricity use (Ep), 

leading to lower emissions and ultimately lowering the CI score. 

• Loop B2: CI improvement via methane leakage detection; a larger CI gap leads to more 

frequent or advanced leak detection practices. Less methane leakage means fewer 

emissions and lower CI. 

• Loop B3: CI improvement via carbon capture; higher CI motivates greater carbon 

capture deployment, which increases CCS and CCR savings. This reduces emissions 

and lowers CI over time. 
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4.3.3 Emissions and certification relevance 

Environmental performance is not only relevant for regulatory reporting but also directly affects 

certificate eligibility and pricing. Some interviewees reported that CI performance is now 

contractually linked to penalties and bonuses, and in some cases determines access to specific 

green markets. These dynamics emphasize the growing strategic importance of carbon 

accounting and emission traceability. Several producers mentioned internal efforts to digitize 

emission tracking and improve data transparency to support certification audits and improve 

market position. 

Figure 7. Stock and Flow Diagram: emissions and carbon intensity (Appendix VIII). 
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4.3.4 Environmental criteria analysis 

Through the interviews, producers identified a wide range of environmental considerations, 

reflecting both regulatory compliance needs and ambitions to lower CI. After analysing the full 

list of responses, three main thematic clusters emerged (Appendix VI).  

Regulatory and policy alignment with Dutch environmental objectives 

Interviewees emphasized the need for clear, consistent, and forward-looking regulation, 

supporting measures such as the blending obligation, national recognition of green gas, cross-

border policy coherence, and permitting processes that accommodate environmental innovation 

and circular economy principles. 

Financially incentivizing CI optimization 

Producers highlighted the growing financial importance of lowering CI, not only to meet legal 

thresholds but to secure premium pricing in green markets. Strategies mentioned included 

reducing transport emissions (e.g. Etd), investing in carbon capture, sourcing local feedstocks, 

and improving energy efficiency. In some cases, CI thresholds were embedded in offtake 

contracts, with performance incentives or penalties, directly linking environmental efforts to 

economic outcomes. 

EU RED compliance 

Compliance with EU RED was viewed as essential for market access, credibility, and regulatory 

approval. While not always revenue-generating, certification was seen as a strategic asset, with 

emphasis on full feedstock certification, audit trail integrity, and clarity on certification rules.  

4.4 Identified leverage points 

The strategic interventions in this subchapter stem from a combined analysis of literature and 

interviews, synthesized into a system dynamics-based SFD. The SFD mapped causal links and 

feedbacks in the biomethane system, revealing leverage points where targeted actions can 

improve operational, economic, and environmental outcomes. Appendix IX shows the full SFD, 

with leverage points marked in pink. These interventions are structurally grounded and 

stakeholder-validated, addressing root bottlenecks and reflecting producer-identified 

opportunities to enhance scalability and performance. 

(1) Establishing on-site flexibility 

A key operational priority cited by producers is on-site flexibility across energy use, feedstock 

mix, digestate management, pre-treatment, and storage. This adaptability helps manage 
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seasonal feedstock shifts, energy price volatility, and infrastructure limits. In the SFD, this is 

reflected in storage, additives, pre-treatment, digestion, CHP, and digestate systems. Greater 

flexibility reduces downtime and stabilizes gas output. Examples include buffering supply 

fluctuations through storage, adjusting digester inputs without harming microbial balance, 

processing diverse waste types, and optimizing CHP use and digestate disposal based on 

external conditions. 

(2) Local integration  

A second key leverage point is the local integration of critical production flows and permitting 

processes, covering feedstock supply, electricity use, permit acquisition, and digestate handling. 

Rather than treating biomethane installations as isolated units, this approach embeds them 

within local industrial, agricultural, and regulatory ecosystems. In the system model, it is 

reflected in subsystems for locally sourced feedstock, energy optimization, digestate logistics, 

and permitting. Interviewees noted that local feedstock sourcing reduces emissions, costs, and 

certification complexity, while on-site electricity use buffers against grid congestion and price 

fluctuations, particularly relevant in areas with net constraints. Early engagement with local 

authorities also streamlines permitting and builds legitimacy when projects align with regional 

sustainability goals. Additionally, integrating digestate reuse into local farming or composting 

systems minimizes storage and transport burdens and eases regulatory compliance. 

(3) Establishing economies of scale through modular expansion 

The third leverage point is achieving economies of scale through modular expansion, scaling 

capacity in incremental steps rather than a single large investment. Interviewees noted this 

reduces risk, aligning growth with demand, policy shifts, and performance. In the system model, 

this is shaped by factors such as permit availability, location, capital access, SDE++ structure, 

and contract terms. A small permit gap and stable offtake contracts, for instance, improve 

investment confidence. Modular expansion allows producers to test conditions before scaling 

fully, which is crucial in uncertain policy and market environments. Economically, it enhances 

asset utilization, lowers funding barriers through phased financing, and enables learning-by-

doing, reducing technical and regulatory risks over time. This approach is especially relevant 

for mid-sized sites with room to grow and the flexibility to adapt to market changes. 

(4) Business to consumer offset while maintaining a diversified offset portfolio 

The fourth leverage point centres on developing business-to-consumer (B2C) offset channels 

alongside a diversified portfolio of green offtake agreements. This strategy enables producers 

to engage directly with end-users, such as energy suppliers or local companies, while hedging 
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against market volatility and accessing both compliance and voluntary carbon markets. In the 

stock-and-flow diagram, this intervention links market unpredictability, policy certainty, and 

the financial value of gas and green attributes. It affects the contractual dynamics that shape the 

price per unit of biomethane, particularly its environmental premium. Producers noted that 

multiple offtake channels enhance negotiating power and reduce dependency on any single 

policy mechanism. B2C engagement was seen as financially advantageous by eliminating 

intermediaries, and as a means to directly monetize co-benefits like regional circularity, low CI, 

and carbon capture. Some also viewed B2C channels as a way to bolster public legitimacy and 

permit approval. 

(5) CI reduction practices through CO2 capture and valorisation, methane leakage 

detection, local sourcing 

The fifth leverage point targets CI reduction through CO2 capture, methane leakage detection, 

energy efficiency, and local feedstock sourcing. These practices help producers meet 

certification standards, lower emission liabilities, and access CI-sensitive markets. In the 

system model, this intervention is linked to emission-reducing components that collectively 

narrow the CI gap. The model captures these dynamics through three balancing feedback loops: 

• B1: CI improvement via energy efficiency (Ep). As the CI score increases, the CI gap 

widens, prompting the implementation of CI improvement practices. These practices 

lead to greater energy efficiency, which reduces electricity demand and usage (Ep), 

resulting in fewer emissions and ultimately a lower CI. 

• B2: CI improvement via methane leakage detection. A larger CI gap also incentivizes 

producers to improve methane leak detection. More effective detection and repair 

reduces methane loss, which contributes to lower Ep and fewer emissions, thereby 

decreasing the CI score. 

• B3: CI improvement via carbon capture. When the CI gap is high, producers are 

encouraged to invest in carbon capture technology. More CO2 capture generates greater 

savings (Ccs and Ccr), further lowering emissions and helping close the CI gap. 

(6) Clarity on certification schemes and intercountry homogeneity of 

environmental rules 

The sixth intervention highlights the need for clearer certification schemes and harmonized 

environmental regulations across EU member states. While not a lever producers can directly 

control, it was frequently cited as a major barrier to investment, contracting, and long-term 

planning. In the system model, this is captured through the policy certainty variable, which 
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affects permitting, contract terms, and market demand. Producers noted that inconsistent EU 

RED implementation creates confusion around CI calculations, audit expectations, and cross-

border certificate validity, particularly challenging for those near national borders or expanding 

internationally. Though outside producers’ control, this uncertainty significantly impacts 

operational and strategic decisions, justifying its inclusion in the MCDA to assess its influence 

on key criteria. 

4.5 MCDA interviews  

To identify the most effective leverage points for scaling biomethane, a MCDA was 

conducted with 14 interviewees. Each rated six interventions from 1 (low relevance) to 5 

(critical) across operational, economic, and environmental criteria (see Appendix X for 

scores). 

Leverage point 6, clarity in certification schemes and harmonized EU rules, received 

the highest average score (3.88), especially on environmental and business case criteria. 

Leverage point 1, on-site operational flexibility, ranked second (3.68), driven by high scores for 

digestate management (4.00), permit readiness (3.93), and business resilience (4.21). 

Interviewees emphasized its importance for maintaining stable output amid volatile conditions. 

Leverage point 5, CI reduction, placed third, valued for improving competitiveness and meeting 

climate targets. Leverage points 2 (local integration) and 3 (modular expansion) followed 

closely, each scoring moderately across all criteria. Local integration helps reduce logistical and 

permitting barriers, while modular growth offers flexibility under uncertain market conditions. 

Leverage point 4, business-to-consumer offsetting, ranked lowest due to operational and 

environmental doubts. Though promising economically, interviewees cited regulatory and 

market barriers as limiting its viability. 

4.5.1 Standard deviations and range 

Standard deviations (SD) (Appendix XI) and score ranges (Appendix XII) provide insight into 

the level of consensus among the 14 interviewees for each leverage point and criterion.  

Leverage point 1 (on-site flexibility) showed low variation across most criteria (e.g. SD 

= 0.811 for “process performance” and 0.860 for “risk-resilient business case”), with response 

ranges typically between 2–5 or narrower. This indicates strong agreement on its relevance and 

feasibility. 

Leverage point 6 (certification clarity) showed high variability on operational criteria 

(e.g. SD = 1.520 for “process performance”, 1.436 for “feedstock security”), but lower variation 
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on economic and environmental ones (SDs mostly < 1). Ranges for operational scores spanned 

1–5, while environmental and economic criteria were narrower. This reflects sectoral 

heterogeneity: internationally active producers viewed certification issues as critical, while 

locally embedded actors found them less pressing. 

Leverage point 5 (CI reduction) revealed strong consensus on key criteria like “CI 

optimization” (SD = 0.452) and “RED EU compliance” (SD = 0.799), with narrow ranges (e.g. 

4–5, 3–5). However, higher variation for “blending obligation” (SD = 1.498) suggests diverging 

views on current policy effectiveness and its role in supporting CI practices. 

Leverage points 2 and 3 (local integration and modular expansion) had moderate to high 

variability and wide score ranges (1–5), indicating context-dependent perceptions. Some 

respondents saw them as growth enablers, while others cited regulatory, spatial, or financial 

constraints. 

Leverage point 4 (business-to-consumer offsetting) scored consistently low and showed 

notable variance (e.g. SD = 1.264 for “process performance”), despite narrower ranges in some 

operational areas. This signals both limited perceived urgency and uncertainty about its 

feasibility, reflecting the underdeveloped state of voluntary offset markets. 

4.5.2 Robustness of the MCDA 

To test the robustness of the MCDA results, a sensitivity analysis was conducted (Appendix 

XIII) by adjusting scores for criteria with a standard deviation above 1.3, indicating high 

disagreement among interviewees. The aim was to assess whether this variability meaningfully 

affected the ranking of the six leverage points. For leverage point 1 (on-site flexibility), 

adjusting the high-variance criterion “policy certainty” (SD = 1.385) upward and downward 

did not alter its second-place ranking, indicating stable prioritization despite disagreement on 

this criterion. 

Leverage point 2 (local integration) showed greater sensitivity. After adjusting two high-

variance criteria downward, it retained its fifth-place ranking. However, an upward adjustment 

raised it to third, suggesting its potential value may be underestimated due to contextual 

differences or limited familiarity among respondents. 

Leverage point 3 (modular expansion) displayed similar behaviour. Adjustments to 

“feedstock security” and “regulatory alignment” (both SD = 1.334) caused minor shifts, down 

to sixth and up to third. These shifts were driven by very small score differences, indicating 

marginal sensitivity in the middle of the ranking. 
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Leverage point 4 (business-to-consumer offsetting) had no criteria above the 1.3 

threshold, reflecting strong consensus on its low relevance. Despite low scores, its evaluation 

was consistent across participants. 

Leverage point 5 (CI reduction) was sensitive to adjustments in “policy certainty and 

blending obligation” (SD = 1.498) and “infrastructure readiness” (SD = 1.342). Downward 

adjustment dropped it from third to fifth, while upward adjustment kept it in third. These 

changes were minor and reflect how closely LP2, LP3, and LP5 are clustered in the mid-range. 

Leverage point 6 (certification clarity) had three criteria with high variance: “process 

performance,” “feedstock security,” and “infrastructure readiness.” Downward adjustment 

moved it to second place, while upward adjustment strengthened its first-place position (avg. 

4.30). This confirms strong overall support for certification clarity despite differing views on 

how it influences operational performance. 

Overall, the analysis shows that the top three leverage points in the baseline ranking, 

LP6, LP1, and LP5, remain robust under score adjustments. LP2 and LP3 showed moderate 

upward sensitivity due to narrow score margins (e.g. 3.186 for LP2 vs. 3.193 for LP3). LP4 

remained the most consistently rated intervention, with uniformly low perceived relevance. 
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Ch 5. Conclusion 

This study set out to identify leverage points that can help Dutch biomethane producers scale 

up production toward the national 2 bcm target for 2030. The findings show that production 

growth is constrained by a web of operational, economic, and environmental factors that are 

too interconnected to address in isolation. Using a system dynamics approach, six leverage 

points were identified that offer potential for broad systemic improvements. 

The most critical leverage point was policy clarity, particularly around certification 

schemes and harmonization of environmental rules across borders. Despite being largely 

outside producers’ control, this structural uncertainty emerged as a key barrier. Interviewees 

consistently emphasized that unclear and changing certification requirements create financial 

and strategic risk, delaying investments, hindering long-term contracts, and complicating access 

to low-CI markets. 

The second leverage point, on-site flexibility, reflects the need to enhance internal 

adaptability in feedstock handling, storage, and energy use. It was valued for being controllable 

by producers and for reducing vulnerability to feedstock and regulatory volatility. 

Third, CI reduction practices were seen as essential for aligning environmental 

performance with market access. Measures like CO2 capture and leak detection support 

compliance and certification, especially as CI thresholds become embedded in subsidies and 

contracting frameworks. The Dutch blending obligation was frequently cited as a catalyst for 

making CI performance financially relevant. 

Moderately ranked leverage points, including local integration and modular expansion, 

showed contextual variability in their relevance. Their perceived impact depended strongly on 

location-specific factors such as grid congestion, permitting regimes, and capital availability. 

The lowest-ranked leverage point, business-to-consumer offsetting, was broadly seen as 

underdeveloped and infeasible under current market and regulatory conditions.  

5.1 Theoretical implications 

This study advances theoretical understanding in system dynamics, socio-technical transitions, 

and renewable gas systems by demonstrating how production structure, strategic behaviour, and 

regulatory complexity interact in the Dutch biomethane sector. A central contribution lies in the 

operationalization of leverage points. By combining stakeholder-informed stock-and-flow and 

causal loop diagrams with MCDA, the study offers a replicable method for identifying and 

ranking leverage points. This approach translates abstract theoretical insights into a structured 

modelling framework, enabling more targeted and context-sensitive interventions. 
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Furthermore, the integration of operational, economic, and environmental dynamics 

within a single model addresses a common shortcoming in existing literature, which often treats 

these domains separately. The resulting system model reveals how cross-domain feedback 

shape sectoral behaviour, providing a deeper foundation for intervention design. 

The analysis also highlights the constrained yet strategic agency of biomethane 

producers, who navigate institutional rules, infrastructure limitations, and policy uncertainty 

through operational flexibility and CI management. Methodologically, the integration of 

participatory modelling and decision analysis broadens the system dynamics toolkit by offering 

a structured pathway for translating qualitative stakeholder insights into prioritised 

interventions. 

Empirically, the study shows how producers prioritize flexibility, certification clarity, 

and CI reduction under uncertainty, reflecting a strategic mindset informed by systemic 

pressures. These findings add nuance to theories of actor behaviour and underscore the 

importance of institutional context in shaping strategic choices. 

The study further refines and extends Eker and van Daalen’s (2015) framework in four 

ways: first, by demonstrating that investment behaviour varies with ownership, risk appetite, 

and strategic posture rather than being uniformly driven by profitability; second, by expanding 

system boundaries to include operational and compliance-related dynamics such as permitting 

and CI trajectories; third, by reframing policy uncertainty to include the clarity and credibility 

of regulatory regimes, especially around EU RED implementation; and fourth, by grounding 

financial policy recommendations in empirically derived leverage points. 

Additionally, this research builds upon and partly challenges De Leeuw’s (2018) 

biomethane modelling by integrating MCDA to show that strategic decisions reflect diverse, 

actor-specific preferences rather than a singular economic rationale. It also reveals that 

institutional clarity often outweighs financial incentives in driving investment, thus broadening 

both the theoretical and practical applications of system dynamics in renewable gas systems.  
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Ch 6. Discussion 

6.1 Interpretation of the results 

The interpretation of the results must be viewed in light of several contextual and 

methodological factors that influenced both the identification and prioritization of leverage 

points. While the research revealed valuable insights into potential interventions for expanding 

biomethane production in the Netherlands, several factors complicated the process of drawing 

clear and integrated conclusions. 

One major challenge in analysing and interpreting the system holistically was the 

limited availability of integrated literature that transcends operational, economic, and 

environmental themes. The academic and grey literature consulted for this research tended to 

remain within the boundaries of their respective domains. Studies focused either on operational 

bottlenecks (e.g., feedstock logistics), financial mechanisms (e.g., SDE++ or guarantees of 

origin), or environmental policy (e.g., EU RED compliance), but seldom addressed the 

interdependencies between them. This thematic separation made it difficult to validate system-

wide feedback loops or find theoretical support for cross-domain leverage points. Consequently, 

the model developed in this study is relatively novel in its holistic ambition but also faces a 

scarcity of direct academic comparators. 

A further consideration is the variation in background, expertise, and context among 

interviewees, which played a substantial role in shaping both the qualitative insights and the 

outcomes of the MCDA. Stakeholder groups differed in scale, technology type, ownership 

structure, and exposure to market dynamics, which led to divergent assessments of leverage 

point relevance. For example, larger producers placed more weight on regulatory clarity and 

CI-reduction practices, while smaller or newer market entrants emphasized operational 

flexibility and local integration. These differences did not invalidate the MCDA results but 

suggest that the perceived value of a leverage point is strongly mediated by the actor's position 

in the system. 

A notable observation concerns participants' difficulty in distinguishing between the 

revenue predictability through strategic contracting and market diversification criteria and the 

broader concept of a profitable, risk-resilient business case criteria. Many interviewees 

perceived these criteria as the same. However, the latter encompasses more than revenue 

generation alone. This conceptual ambiguity may have contributed to inconsistent 

interpretations and scoring in the MCDA, despite efforts to clarify definitions in the interview 

protocols. 
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An additional complexity emerged from the need to clarify specific leverage points 

during the MCDA ranking sessions. Notably, establishing economies of scale and business-to-

consumer offsetting while maintaining a diversified offset portfolio required further explanation 

before participants could assess them properly. These leverage points were relatively abstract 

or less familiar to stakeholders, particularly those focused more on operations than on market 

strategy. Their lower ranking in the MCDA likely reflects this unfamiliarity, alongside potential 

doubts about feasibility or impact. 

A key finding of this study is the dominant role of policy certainty as the most critical 

leverage point. Producers emphasized that long-term investment and production decisions 

hinge on consistent, transparent, and harmonized policy frameworks. Although policy design is 

beyond their direct control, its inclusion in the MCDA is justified by its strong presence in both 

the literature and stakeholder interviews. This external dependency was structurally embedded 

in the stock-and-flow diagram and met the criteria for inclusion in the decision analysis, unlike 

other external influences, such as geopolitical risks or macroeconomic trends, which lacked 

sufficient empirical support and were excluded. The prominence of policy certainty is closely 

linked to the second-highest ranked leverage point: operational flexibility, which producers 

valued as a buffer against uncertainty, enabling adaptation to shifting certification standards, 

price volatility, and infrastructure constraints. Together, these two leverage points highlight that 

in an unpredictable policy environment, adaptability is central to strategic planning. 

Interestingly, this focus on managing uncertainty contrasts with what producers 

expressed during interviews, where the emphasis was often on ambitions to expand and to 

maximize financial returns from their biomethane and its green attributes. However, the MCDA 

results present a more pragmatic view: leverage points tied to those ambitions, such as CI 

optimization and modular expansion, received lower average scores. This discrepancy suggests 

that while producers aspire to growth and value maximization, their current strategic priorities 

are dictated by more pressing concerns, namely, risk management, resilience, and securing 

system stability in an unpredictable external environment. 

6.2 Knowledge contribution 

This study advances understanding of sustainable energy systems by offering an empirically 

grounded analysis of the barriers and opportunities for scaling biomethane production in the 

Netherlands, making five key contributions to the literature on renewable gas, system dynamics, 

and stakeholder-based decision-making. 
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First, it provides rich, context-specific insights into the Dutch biomethane sector, 

drawing from diverse producer types to map operational, economic, and environmental 

dynamics often overlooked in generalized studies. Second, it integrates these dimensions within 

a unified system dynamics model, highlighting their interdependencies through CLDs and 

SFDs. Third, the research applies a structured MCDA to translate qualitative stakeholder input 

into ranked interventions, combining subjective preferences with system-level assessment. 

Fourth, it contributes methodologically by blending grounded theory, system dynamics, and 

participatory modelling into a replicable framework for complex socio-technical systems. 

Finally, the study identifies empirically validated leverage points that align with Dutch and EU 

energy goals, offering practical guidance for accelerating biomethane deployment. 

6.3 Practical implications 

This study offers practical value for biomethane producers navigating the complex Dutch 

renewable gas sector. The system dynamics model supports strategic reflection by helping 

producers understand how their decisions interact with broader sectoral structures encouraging 

a long-term, system-aware perspective. 

Stakeholder-informed leverage points provide a structured basis for prioritizing 

improvements, aligning organizational capabilities with key intervention areas. This helps 

producers make targeted strategic choices and allocate resources more effectively. The visual 

models and narratives also serve as communication tools, aiding dialogue with external 

stakeholders like municipalities, regulators, and financiers, while enhancing producers’ 

credibility as system-aware actors. Internally, the study fosters alignment across departments 

by offering a shared language for discussing trade-offs in areas such as flexibility, certification, 

and CI. The interview findings can be used for benchmarking and strategy refinement, revealing 

common barriers or best practices within the sector. 

Finally, the model offers a forward-looking lens to assess the impact of emerging 

developments, like stricter certification, new policies as the blending obligation or ETS 

Maritime, and carbon-based pricing. While qualitative, it enables anticipatory thinking and 

supports producers in evaluating the resilience of their strategies under evolving conditions. 

6.4 Reflection on limitations 

This study offers a comprehensive exploration of leverage points for scaling biomethane 

production in the Netherlands using a qualitative system dynamics approach. However, several 

limitations affect the interpretation and generalizability of the findings. 
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First, the study focuses solely on biomethane producers, excluding perspectives from 

other key actors such as policymakers, certification bodies, traders, technology suppliers, and 

end-users. This narrows the systemic scope and omits multi-actor dynamics critical to market 

development and policy impact. Second, while the 14 interviews reflect sector diversity, large-

scale, public-sector and mono-manure producers are underrepresented, limiting the empirical 

breadth and external validity. 

Third, the system dynamics model remains qualitative and conceptual, grounded in 

stakeholder input and literature rather than quantitative simulation. As such, it functions as a 

diagnostic tool rather than a predictive model, with insights tailored to the Dutch context and 

the mental models of producers. Fourth, the findings are framed by the Dutch policy 

environment as of 2024–2025. Regulatory changes could affect the long-term relevance and 

transferability of the conclusions to other national settings. 

  Finally, the MCDA process was informed by qualitative themes rather than formal 

preference elicitation methods. While useful for structuring stakeholder input, this limits its 

methodological rigor and confines its applicability to the interviewed group, reinforcing the 

single-stakeholder lens. 

6.5 Directions for further research 

Building on this study’s findings and methodological framework, several directions for future 

research are proposed to improve the robustness, generalizability, and practical application of 

the system dynamics model. First, future work could develop a quantitatively validated SFD 

using empirical data to enable dynamic simulation and assess policy, technology, or market 

disruptions on biomethane production over time. Second, while the current model is tailored to 

the Dutch context, applying it to other countries like Germany or France could test its 

generalizability and reveal region-specific dynamics, such as subsidy structures or agricultural 

waste availability. Third, further research is needed into the evolving biomethane market 

structure, especially the growing importance of green certificate revenues (e.g., HBEs, GOs) 

relative to physical gas sales. Coupled modelling of gas flows and certificate trading could 

clarify the interaction between production decisions and compliance mechanisms like ETS 

pricing and blending obligations. Finally, future studies should include the perspectives of 

upstream and downstream actors, such as feedstock suppliers, gas traders, industrial users, and 

consumers, whose risk preferences and contractual behaviour strongly influence price 

formation and market stability. Integrating these perspectives would offer a more complete view 

of coordination challenges and could reveal additional leverage points for sector development.  
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Appendices 

Appendix I. Search terms theoretical framework 

Operational theme Economic theme Environmental theme 

"biomethane production 

process" AND "anaerobic 

digestion" 

"economic viability" AND 

"biomethane production" 

AND “Netherlands” 

"carbon intensity" AND 

“biomethane” OR "CI score" 

"feedstock variability" AND 

“biomethane production” 

"SDE++ subsidy" AND 

“biomethane” 

"EU RED II" OR "EU RED 

III" AND “biomethane 

certification” 

"biomethane pre-treatment 

technologies" 

"biomethane business 

model" 

"methane leakage" AND 

“biomethane” 

"digestate management"  "biomethane offtake 

agreements" OR "green gas 

certificates" 

"lifecycle emissions" AND 

“biomethane” OR "LCA 

biomethane" 

"biogas upgrading"  "cost structure" AND 

"anaerobic digestion" 

"feedstock sustainability" 

AND “biomethane” 

"operational efficiency" 

AND “biomethane 

production” 

"CAPEX OPEX" AND 

“biomethane” 

"digestate classification" 

"automation in biogas 

plants" OR "AI process 

optimization biomethane" 

"feedstock costs" AND 

"organic waste market" 

"indirect land use change" OR 

"ILUC" AND “biomethane” 

"carbon capture" AND 

"biogas sector" 

"financial risk" AND 

"renewable gas investment" 

"biodiversity" AND "biogas 

feedstock" 

"methane leakage detection" 

AND “biomethane” 

"blending obligation" AND 

"green gas" 

"GHG reduction thresholds" 

AND "renewable gas" 

 "EU ETS 2" AND 

biomethane 

"sustainability certification" 

AND (“ISCC” OR “Better 

Biomass”) 

 "market incentives" AND 

"biomethane producers" 

"EU environmental policy" 

AND "renewable energy 

directive" 
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Frequently consulted organisations (online): 

• Platform Groen Gas (PGG) 

• European Biogas Association (EBA) 

• Rabobank 

• Eur-lex 

• CE Delft  

• Rijksdienst voor Ondernemend Nederland (RVO) 

 

Appendix II. Interview invitation 

Beste, 

 

Mijn naam is Niels Mulder en ik volg momenteel de masteropleiding Business Analysis and 

Modelling aan de Radboud Universiteit. In het kader van mijn afstudeeronderzoek voer ik een 

onderzoek uit met als titel: “Finding leverage points for scaling biomethane production in the 

Netherlands: a system dynamics approach.” Dit onderzoek richt zich op het identificeren van 

strategische hefboompunten die kunnen bijdragen aan het opschalen van biomethaanproductie 

in Nederland, in lijn met het nationale doel van 2 miljard kubieke meter in 2030. 

 

Gezien jouw rol en expertise als biomethaan producent wil ik je graag uitnodigen voor een 

semigestructureerd interview. Jouw kennis en ervaring zijn van grote waarde voor het 

verkrijgen van inzichten in de operationele, economische en milieu gerelateerde kansen en 

knelpunten binnen de Nederlandse biomethaan sector. Het interview vindt plaats via Microsoft 

Teams en zal ongeveer 45 minuten duren. 

 

Wat krijgt u ervoor terug? 

• Een management samenvatting met de belangrijkste inzichten uit alle interviews. 

• De volledige master thesis (juli 2025). 

 

Tijdens het gesprek worden drie hoofdthema’s besproken: 

• Operationele factoren; zoals variatie in feedstock, procesoptimalisatie en technologie. 

• Economische factoren; waaronder subsidies (zoals de SDE++), marktmechanismen en 

investeringsstrategieën. 
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• Milieufactoren; zoals certificeringssystemen (zoals ISCC EU), methaanemissie en 

digestaatbeheer. 

 

Na afloop van het interview wil ik je tevens vragen deel te nemen aan een korte follow-up sessie 

van 15 minuten (ook via MS Teams). Tijdens deze sessie zal ik je vragen om een selectie van 

strategische interventies, geïdentificeerd uit alle interviews, te rangschikken op impact. Deze 

stap maakt onderdeel uit van een Multi-Criteria Decision Analysis (MCDA) en ondersteunt het 

systeem dynamische model dat in het onderzoek wordt ontwikkeld. 

 

Het interview kan worden afgenomen in Nederlands of Engels, afhankelijk van jouw voorkeur. 

Met uw toestemming zal het gesprek worden opgenomen, uitsluitend ten behoeve van 

transcriptie en analyse. Alle gegevens worden strikt vertrouwelijk behandeld en geanonimiseerd 

verwerkt. 

 

Ik hoor graag van je welke momenten in de komende weken voor u beschikbaar zijn voor zowel 

het interview als de vervolgsessie. Mocht u vragen hebben of aanvullende informatie wensen, 

dan kunt u altijd contact met mij opnemen. 

 

Hartelijk dank voor het overwegen van deze uitnodiging.  

 

Met vriendelijke groet, 

 

Niels Mulder 

Radboud Universiteit – Master Business Analysis and Modelling 

s1125359 | niels.mulder2@ru.nl | +31 6 36594672 

 

Appendix III. Interview introduction  

Voordat we beginnen, stel ik mezelf graag kort voor en leg ik uit wat het doel is van dit 

interview. Mijn naam is Niels Mulder en ik ben masterstudent Business Analysis and Modelling 

aan de Radboud Universiteit. Mijn afstudeeronderzoek richt zich op het opschalen van 

biomethaan productie in Nederland, en maakt gebruik van een System Dynamics benadering. 

Deze methode helpt om complexe systemen inzichtelijk te maken door terugkoppelingslussen 

en onderlinge afhankelijkheden in kaart te brengen. 

mailto:niels.mulder2@ru.nl
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De centrale onderzoeksvraag die ik wil beantwoorden is: 

‘Wat zijn de leverage points voor biomethaan producenten in Nederland om meer biomethaan 

te kunnen produceren?’ 

 

Om deze vraag te beantwoorden, bestaat mijn onderzoek uit drie fasen: 

1. Een literatuuronderzoek, waarin ik theoretische inzichten heb verzameld over factoren 

die biomethaan productie beïnvloeden. 

2. Een reeks interviews, zoals dit gesprek, met producenten en andere betrokkenen om 

praktijkinzichten te verkrijgen. 

3. Tot slot voer ik een Multi-Criteria Decision Analysis (MCDA) uit, waarin we 

strategische interventies prioriteren op basis van de input uit alle interviews. 

 

Binnen de System Dynamics aanpak maak ik ook een Causal Loop Diagram (CLD). Dit is een 

visueel model dat laat zien hoe verschillende factoren elkaar beïnvloeden, zoals operationele 

knelpunten, economische prikkels en milieuregels. Uw input vandaag helpt om dat model zo 

realistisch mogelijk te maken. 

 

Tijdens dit interview richten we ons op drie hoofdthema’s: operationele, economische en milieu 

gerelateerde aspecten van biomethaan productie. Met uw toestemming wil ik het gesprek 

opnemen om het later te kunnen transcriberen. De opname en transcriptie worden uitsluitend 

gebruikt voor analyse in dit onderzoek. Uw antwoorden worden volledig geanonimiseerd, dus 

uw naam of organisatie worden niet gekoppeld aan specifieke uitspraken of conclusies. 

 

Ik wil ook benadrukken dat dit onderzoek volledig wordt uitgevoerd in overeenstemming met 

de ethische richtlijnen van de American Psychological Association (APA), waaronder respect 

voor personen, rechtvaardigheid, en zorgvuldige omgang met vertrouwelijke gegevens. U heeft 

altijd het recht om op elk moment te stoppen met deelname, zonder dat dit enige consequenties 

heeft. Alle gegevens worden veilig opgeslagen en uitsluitend voor onderzoeksdoeleinden 

gebruikt. 

Appendix IV. Interview topic list 
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Onderwerpen/ Vragen Max. 

tijdsbesteding 

Algemene introductie 4 min 

Introductie vragen: 

1. Wat is uw naam en formele functietitel binnen de organisatie? 

2. Welke verschillende soorten feedstocks worden er vergist in uw 

onderneming? 

3.  Wat is de maximale productiecapaciteit van de biomethaan unit?  

1 min 

Operationele factoren  

Inleiding: In dit interview hebben we het over verschillende aspecten van de 

productie van biomethaan. Eerst wil ik u vragen naar de operationele kant. 

Hiermee bedoel ik alles wat te maken heeft met het praktische en technische 

proces van de productie van biomethaan (zoals het omgaan met grondstoffen, het 

runnen van de installatie, het gebruik van specifieke technologieën en het 

aansluiten op het gasnet). Er zijn veel manieren om dit proces te organiseren, en 

ik ben geïnteresseerd in hoe dit er in jouw geval uitziet. 

 

4. Hoe ziet het productieproces van groen gas eruit in uw organisatie? 

 

10 min 

MCDA-doelstellingen operationele factoren 5 min 

5. Welke operationele criteria (doelen) zijn volgens u het belangrijkst bij de 

beslissing om de productie van biomethaan op te schalen? 

a. Kunt u de top drie van operationele criteria rangschikken 

waarmee u rekening houdt bij het nemen van strategische 

beslissingen? 

 

   

Economische factoren 

Inleiding: Vervolgens wil ik de economische kant van de productie van 

biomethaan onderzoeken. Dit kan alles zijn wat van invloed is op de financiële 

positie van uw bedrijf (zoals investeringen, operationele kosten, subsidies, 

marktomstandigheden of certificeringsinkomsten). Er zijn verschillende 

strategieën en ervaringen, afhankelijk van het bedrijfsmodel en de schaal. 

 

10 min 
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6. Hoe ervaar u de economische kant van biomethaanproductie? 

 

MCDA-doelstellingen economische factoren 5 min 

7. Welke economische criteria (doelen) spelen de grootste rol bij uw 

beslissingen over investeringen of productieplanning op de lange 

termijn; met als doel meer biomethaan produceren? 

a. Kunt u de top drie van economische criteria rangschikken 

waarmee u rekening houdt bij het nemen van strategische 

beslissingen? 

 

   

Environmental factoren 

Inleiding: Tot slot wil ik het hebben over de environmental kant van biomethaan 

productie. Biomethaan wordt gezien als een duurzame energiebron, maar er zijn 

veel elementen die van invloed zijn op de milieu-impact (denk hierbij aan 

emissies, gebruik van grondstoffen of duurzaamheidscertificering). Ik ben 

geïnteresseerd in hoe omgevingsfactoren een rol spelen in uw situatie. 

 

8. Welke rol speelt het milieu in uw benadering van de productie van 

biomethaan? 

 

10 min 

MCDA-doelstellingen environmental factoren 5 min 

9. Welke milieu criteria (doelen) zijn bepalend op het gebied van meer 

biomethaan produceren? 

a. Kunt u de top drie van milieucriteria rangschikken waarmee u 

rekening houdt bij het nemen van strategische beslissingen? 

 

   

Reflecterende vraag (afsluiting) 5 min 

Herhaal hoofdvraag.  

10. Stel dat u morgen helemaal opnieuw zou mogen beginnen met uw 

biomethaanproject, wat zou u dan anders doen, en waarom?  

 

 

Appendix V. Summary per interviewee anonymized  
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Interview summary of interviewee 1 

 

Feedstock that the biomethane producer uses • Food waste 

• Brown greas/ grease trap fat 

Production capacity 8.000.000 m3 biomethane 

Role interviewee in organization Business developer wood & organics 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The production process is structured around an integrated approach where the company collects 

its own organic waste streams from clients, processes them at a central facility, and supplies a 

constant, balanced feedstock mix to ensure stable and efficient digestion. The digester site in 

Amsterdam operates three full-scale units, processing 10 to 15 tons of biomass per hour, 

yielding approximately 8.5 million cubic meters of green gas per year. A key part of the process 

includes managing digestate: the residue is separated into a sludge fraction and water, with the 

latter treated on-site. The sludge, containing 20% dry matter, is currently transported for 

external composting due to economic choices, although in the past, it was dried in-house and 

exported as a nutrient-rich soil amendment. Strategically, operational performance is driven by 

the aim to increase gas production incrementally without compromising digester stability. 

Bottlenecks in the system are systematically identified and resolved, enabling plans to expand 

digestion capacity by one-third, facilitated by available grid connection and permitting 

headroom. Although not currently at the forefront of innovation, the company keeps track of 

developments such as hydrogen addition for methane enrichment and explores concepts like 

advanced biorefineries with lactic acid extraction. Operational monitoring is robust, with 

methane conversion efficiency regularly exceeding 95%, based on internal analyses. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Increasing daily biomethane yield by small, consistent percentages. 

• Maintaining digester stability and preventing acidification. 

• Responsible processing and disposal of digestate and wastewater. 

• Systematically identifying and removing production bottlenecks. 
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• Expanding digestion capacity within existing permits and infrastructure. 

 

“How do you experience the economic side of biomethane production?” 

The economic model of the operation has undergone a significant transformation. Initially 

subsidized through a national renewable electricity support scheme, the plant transitioned to 

green gas production following the end of those subsidies. This switch was enabled by new 

subsidies for converting the existing installation to biomethane production. Since then, the 

operation has shifted to a market-driven model, where revenues primarily come from the sale 

of certified green gas and associated guarantees of origin. Feedstock selection is strategically 

guided by certification status, with a preference for ISCC EU-certified waste streams. However, 

technical needs may occasionally necessitate the use of non-certified streams, with the resulting 

trade-off being lower returns. Investment decisions are framed within a corporate governance 

structure that requires detailed business cases with long-term financial viability and assured 

feedstock availability. Risk aversion is evident in internal approval processes, particularly 

regarding potential regulatory changes that might affect waste availability. Future scaling is 

closely tied to anticipated market developments such as the blending obligation, which is 

expected to increase demand and prices for green gas. In parallel, structural changes in 

industries like food processing are creating new feedstock opportunities, aligning 

decarbonization needs with renewable gas supply. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Anticipated increase in green gas demand due to the national blending obligation. 

• Long-term availability and diversity of biomass streams, especially as certain feedstocks 

(e.g. from the feed sector) diminish and others (e.g. from food processing) become more 

viable. 

• Ensuring secure, certified feedstock flows to maintain profitability through green 

certificate premiums. 

• Building a profitable, subsidy-independent business case, particularly attractive to a 

risk-averse corporate environment. 

• Demonstrating long-term revenue security and return on investment to secure internal 

approval. 
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“What role does the environment play in your approach to biomethane production?” 

Environmental considerations are both a regulatory necessity and a strategic tension point for 

the operation. As part of a larger waste management company, the facility operates under dual 

pressures: maximizing the circular use of materials while simultaneously producing renewable 

energy. Current national policies prioritize material recycling over energy recovery, meaning 

that green gas production from organic waste is not always formally recognized as a form of 

recycling. This policy contradiction complicates the company’s environmental positioning. The 

facility is ISCC EU certified and increasingly engaged in tracking greenhouse gas emissions, 

particularly transport-related emissions, which influence the carbon intensity of their gas. The 

company is monitoring when higher CO₂ savings will be more explicitly rewarded in the 

market, potentially justifying further investments in emission reduction technologies. 

Environmental decisions are also shaped by broader policy instruments, especially the 

anticipated national blending obligation and the European ETS frameworks. The lack of 

harmonization between national recycling goals and EU renewable energy directives continues 

to create operational and reputational challenges. From a long-term strategic viewpoint, the 

company believes that larger-scale installations are more energy-efficient and cost-effective, 

provided that national legislation becomes more supportive of biomethane as a legitimate and 

prioritized product in the circular economy. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Clear implementation of the blending obligation, including its targets, penalties, and 

timeline. 

• Formal recognition of green gas as a product, not just an energy carrier, within the 

circular materials policy. 

• Reducing the carbon intensity (CI) of the product, especially by lowering emissions 

from transport (ETD). 

• Achieving higher CO₂ reduction thresholds that are rewarded in the market, 

incentivizing emission reductions. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

Looking back, the interviewee expressed that if given the chance to start the biomethane project 

over, several key aspects would be approached differently. First and foremost, there would be 
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a stronger emphasis on advocating for clearer and more coherent government policy, 

particularly to ensure that biomethane is formally recognized as a valuable product within both 

renewable energy and circular economy frameworks. The current policy environment, where 

biomethane is supported under energy goals but sidelined under recycling policies, was 

described as contradictory and obstructive to long-term strategic planning. On the business side, 

the interviewee stressed the importance of building the project at sufficient scale from the 

outset, ideally processing 80,000 to 100,000 tons of biomass annually. This scale is considered 

optimal for cost-efficiency, energy performance, and operational reliability. The choice of 

location, with strong logistics and permitting conditions, was affirmed as a strength. 

Additionally, the interviewee would aim to better anticipate the regulatory and certification 

complexities that affect monetization of green gas certificates and cross-border trading. The 

current system requires significant expertise and third-party facilitation, which hampers 

producers' ability to fully benefit from market mechanisms. 
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Interview summary of interviewee 2 

 

Feedstock that 

the biomethane 

producer uses 

• Residual products (shell) [230]: as far as mixture of shells [231], 

• cocoa shells [232], peanut shells [233], and other shells [239] 

• Other residual products [250] as far as auction waste [251], 

• horticultural waste [252], fruit farming [253], peeling waste from 

flowerbulbs [254] and arable farming waste [255], mixture of 

other residual 

• products, [258] and other residual products [259] 

• Sludge [400]: as far as mixture of sludge [401], other sludge [409], 

• sludge from sewage/ waste water treatment plants [410], and 

sludge 

• from preparation of drinking water [430], mixture of industrial 

sludge 

• [441], paper sludge from paper and cardboard industry [442], 

water 

• treatment sludge (food and non-food processing industry) [443], 

• production sludge [444], omega screens [445], fat drainage and 

• flotation sludge [446] and other industrial sludge [449] 

• Residues from biodiesel / ethanol industry [510] as far as black 

• liquor [514], bleaching clay from biodiesel / ethanol industry 

[515] and 

• biodiesel pitch [517] 

• Shells / husks / kernels food processing industry [520]: as far as 

• potato peels [522] 

• Pulp food processing industry [530]: as far as spent grain [535] 

and 

• coffee pulp [536] 

• Residues from oleochemical industry [540]: as far as bleaching 

clay 

• from oleochemical industry [542] 

• Used fats and oils [570]: used cooking fats and oils [572] 
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• Other food processing industry [580]: mixture of residual products 

• from food processing industry [581], soft drinks and light 

alcoholic 

• spirits unsuitable for human consumption [582], dairy products 

and 

• food stuffs unsuitable for human consumption [583], offal [586], 

• bleaching clay from food processing industry [588] 

• Residues from other industries [590]: as far as\ bleaching clay 

from 

• other industries [592] 

• Organic waste from households and companies [600]: organic 

• waste from households [610], swill [621], biodegradable mono 

• products [622], other organic waste from companies [629] and 

organic 

• wet fraction [630] 

Production 

capacity 

3.000.000 to 5.000.000 m3 biomethane 

Role interviewee 

in organization 

Production site manager 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The biomethane production at this facility is based on digesting non-food, non-feed residual 

streams from the food industry, such as vegetable and fruit waste. These are mangled on-site to 

convert them into a fully liquid form to improve digestibility. The digestion process has been 

optimized over years of operation since 2006 (green gas since 2011). Upgrading of biogas to 

biomethane is done via a membrane separation system, and CO2 is captured and liquefied for 

reuse, contributing to the site's carbon efficiency. The company consciously avoids feedstocks 

with higher-value applications to meet sustainability certification standards (e.g. NTA 8080 / 

Better Biomass). It focuses on low-grade dry matter that is locally sourced, minimizing 

transport emissions. The feel like there is not much competition for this feedstock. One of the 

facility’s owners is a vegetable processor, supplying reliable internal feedstock. The company 
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also produces its own electricity via CHP, which further reduces its net emissions. Current 

operations are near peak efficiency with limited gains possible through process optimization 

alone. Plans are in place to expand production capacity by installing a new upgrading unit 

within two years. While feedstock availability and technical integration were not seen as 

bottlenecks, grid injection capacity was noted as a recent limitation which is currently being 

resolved. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Maximizing the energy yield per cubic meter of biogas. 

• Minimizing the carbon intensity through: 

o Local sourcing of low-grade feedstock. 

o Internal electricity production via CHP. 

o Methane leak minimization. 

• Process stability and avoidance of unnecessary complexity. 

• Proper size of permit for processing feedstock. 

• Enough electricity availability to stop the CHP and produce more biomethane for 

grid injection. 

 

“How do you experience the economic side of biomethane production?” 

The financial structure of the project is relatively strong due to backing from capital-rich 

shareholders, reducing dependency on external finance. Nevertheless, external financiers 

typically require extensive upfront guarantees, such as confirmed feedstock flows and long-

term offtake agreements. The operation benefits from three awarded SDE++ subsidies, both for 

the existing facility and the upcoming expansion. The interviewee emphasized that green gas 

production is inherently more expensive than fossil gas, making support mechanisms essential 

for financial viability. Most profits are reinvested into operational efficiency and expansion 

rather than distributed to shareholders. Although long-term offtake contracts have not yet been 

established, interest from buyers is increasing due to the now-confirmed Dutch blending 

obligation. This has improved the pricing outlook, encouraging investment in a larger upgrading 

unit. The expansion decision, however, had already been financially justifiable without relying 

on the blending obligation, which served more as a reinforcing factor than a prerequisite. 

Potential economic risks include competition for biomass, network congestion of the electricity 
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grid, and permit delays due to nitrogen-related regulations. There is also some hesitation around 

investing in technologies like hydrogen production, which had been explored but deprioritized. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• A strong, realistic business case that works even without policy incentives. 

• Prospects for product diversification (e.g. liquefaction of biomethane). 

• Long-term policy certainty (e.g. consistency around the blending obligation). 

• Avoiding exposure to biomass competition and electricity network limitations. 

 

“What role does the environment play in your approach to biomethane production?” 

Environmental sustainability is central to the operational philosophy. All input materials must 

comply with sustainability criteria, and the facility's geographic location allows for low-carbon 

sourcing of nearby feedstocks. Certification under NTA 8080 ensures compliance with EU RED 

II sustainability standards, including traceability and emissions requirements. The facility has 

no major trade-offs between sustainability and operations, compromises are rarely needed due 

to the local availability of feedstock and internal energy production. Efforts are also made to 

avoid long transport distances, which would negatively affect the carbon intensity score. A key 

environmental bottleneck lies in regulatory classification. As an “afvalvergister” (waste 

digester), the digestate is legally classified as waste, even though it may match or exceed the 

agronomic value of digestate from co-digesters or manure-based systems. Because of this, the 

residual product requires external treatment before it can be applied to land, adding cost and 

complexity. The interviewee sees this legal interpretation as unfair and environmentally 

counterproductive, calling for policy reform to acknowledge the value of such residual streams. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Keeping the carbon intensity score as low as possible through process design. 

• Ensuring all input materials are certified sustainable. 

• Advocating for fair regulatory treatment of digestate from waste digestion. 

• Avoiding emissions trade-offs by minimizing transport and using carbon capture. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 
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If the project were to start over today, the interviewee would take a different technical approach 

based on the many lessons learned since 2006. The current installation began as a prototype, 

and over the years, numerous technical adjustments were required to reach today’s performance 

level. With hindsight, the facility’s design, particularly the digester setup and water treatment 

infrastructure, would be rethought for greater efficiency and scalability. Additionally, there 

would be consideration for a different location, preferably on an industrial site near water, to 

optimize logistics and waste water management. While hydrogen production was once 

considered, the company ultimately committed to biomethane and intends to stay the course. 

The overall message was that early design decisions have long-lasting consequences, and if 

given a fresh start, the system would be engineered from scratch to integrate current insights. 
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Interview summary of interviewee 3 

 

Feedstock that the biomethane producer 

uses 

• Manure 

Production capacity 2.300.000 m3 biomethane 

Role interviewee in organization Co-owner and responsible for biogas. 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The company operates a ‘monomestvergister’ that digests approximately 95% manure and a 

small share of plant-based co-products. The installation processes both liquid and solid manure 

without any pre-treatment or hygienisation, using a basic separation process to divide the 

digestate into thick and thin fractions. The thick fraction is hygienised off-site and exported 

(often to France), while the thin fraction is spread locally. The digestate thus remains legally 

classified as manure, which imposes regulatory and logistical burdens on its disposal. The 

digester is deeply integrated into the company's core business as a manure distributor, acting as 

an intermediary step in the manure logistics chain rather than a standalone energy project. No 

digitalisation is currently in use. While the biogas installation has performed reliably since 

2019, it was explicitly designed without options for thermal treatment or advanced processing, 

something the interviewee now sees as a missed opportunity, as current regulations prevent 

retroactive approval for such upgrades. The operation has available grid injection capacity and 

unused technical room for growth, with the potential to increase output from 260 to 300 Nm3/h. 

However, upscaling is blocked by restrictive permit requirements in the region, especially rules 

forbidding expansion of biogas installations in rural areas unless all facilities are enclosed and 

meet continuously evolving technical standards. These constraints were seen as excessive, 

hindering innovation and climate impact, particularly in locations with zero complaints and 

strong local integration. Methane leakage is closely monitored with gas detection cameras and 

no significant leaks have been identified. The company also operates 2,800 solar panels, 

covering part of its energy consumption, though the installation still requires considerable 

electricity purchases due to the mismatch between solar availability and digester operation 

patterns. 
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“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Increasing feedstock throughput: permission to process more manure. 

• Upgrading the installation to include hygienisation and digestate refinement (e.g. to 

Renure). 

• Avoiding methane leakage (currently well-monitored). 

• Integrating new technology only when legally permitted and economically viable. 

 

“How do you experience the economic side of biomethane production?” 

The company’s economic model has been shaped by early contractual obligations imposed by 

financiers during the initial investment phase. To secure funding, they were required to sign 

long-term offtake agreements with energy companies. These fixed-price contracts, alongside 

SDE++ subsidies, have limited flexibility and prevented the company from capitalizing on 

market opportunities as prices have shifted. While the operation is fully ISCC EU certified, 

these sustainability credentials have not yielded additional revenue due to the rigid structure of 

existing contracts. The interviewee expressed that unless sustainability improvements are 

rewarded financially, such as through carbon intensity (CI) premiums or enhanced green gas 

certificates, they are unlikely to invest in them. The company has recorded a €1 million loss 

over five years, underscoring the financial fragility of ‘monomestvergisting’ without strong 

policy incentives. The confirmed introduction of the Dutch blending obligation is viewed as a 

pivotal development that reversed their intention to discontinue operations. Preparations are 

now underway to adapt to this framework, hoping it will result in better pricing for certified 

green gas. Future investment will depend on achieving a more financially independent position, 

reducing exposure to long-term contracts. The interviewee favors offtake contracts of maximum 

three years, citing the volatility and unpredictability of the energy market as a rationale against 

longer commitments. Their long-term goal includes the implementation of Renure (artificial 

fertiliser from digestate) to close the agricultural nutrient loop and reduce transport costs of 

diluted digestate. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Introduction and operationalization of the blending obligation. 

• Development and acceptance of Renure as an approved fertiliser. 
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• Shorter offtake contract durations (preferably max. 3 years). 

• Minimizing dependence on unpredictable long-term energy contracts and brokers. 

 

“What role does the environment play in your approach to biomethane production?” 

While environmental sustainability is a stated priority, in practice it has received limited 

operational emphasis due to the absence of market-based rewards. The company maintains 

ISCC EU certification and has established solid internal practices, but has not pursued CI score 

optimisation aggressively. Current initiatives are reactive, tied to evolving policy or potential 

financial returns. The interviewee highlighted the challenges of competing in a landscape where 

large corporations and institutional investors dominate sustainable energy investments, due to 

their capacity to finance riskier projects with long payback periods. Smaller or family-run 

businesses are more cautious, particularly when reliant on external financing. Solar panels 

supply part of the site’s power needs, but due to poor returns on excess energy, the company is 

exploring the use of battery storage to better match generation with usage. Still, the interviewee 

stressed that further investment in energy efficiency (e.g. improving thermal use or reducing 

electricity needs) will only occur if it clearly results in net economic benefit. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Minimizing transport distances of manure and digestate. 

• Improving energy efficiency and lowering electricity costs (e.g. via solar and batteries). 

• Potentially improving CI scores if rewarded, especially under the new certification and 

blending frameworks. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

In retrospect, the interviewee would design a much larger-scale installation, processing 100,000 

tons or more annually, and prioritize local manure processing to reduce transport emissions and 

costs. They would also choose a different upgrading technology provider, and design the plant 

to manage heat more efficiently, recognizing that ‘monomestvergisters’ lack surplus heat from 

CHP systems and must carefully balance thermal loads. The interviewee also emphasized the 

importance of contracting strategy, stating they would avoid long-term commitments with 

intermediaries and instead seek direct sales contracts using the guidance of an independent 

market advisor. With better foresight, they would align infrastructure decisions with expected 
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regulatory developments, especially concerning digestate valorisation and the blending 

obligation. Overall, they stressed that existing projects, particularly those already embedded in 

local communities and operating reliably, should be the first targets for expansion, as they offer 

faster and lower-risk climate returns than building entirely new installations. 
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Interview summary of interviewee 4 

 

Feedstock that the biomethane producer 

uses 

• Manure 

• Crude glyceringe 

Production capacity 22.000.000 m3 biomethane 

Role interviewee in organization Responsible for global business development 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The production facility processes primarily chicken manure (approx. 95%) and a small 

percentage of liquid co-products such as glycerine. These are sourced from around 20 to 30 

regional suppliers, with 80% of the input coming from within a 50 km radius. The manure is 

introduced into the digesters without biological pre-treatment, though non-organic 

contaminants like stones or metal are removed. The plant operates a recirculation loop in which 

the liquid digestate (thin fraction) is cycled back into the process, while the solid digestate (thick 

fraction) is dried and pelletized. This solid output is sold internationally in bulk or bagged 

format. The plant uses ammonia stripping to improve microbial health and stabilize gas output. 

Occasionally, a purge is required to prevent salt accumulation. The purged digestate is legally 

considered manure and incurs costs for agricultural disposal. Although the plant includes 

advanced features, the interviewee noted it is operationally complex, leading to high 

engineering and maintenance demands. Ongoing plans include a major expansion from 12 to 

16 digesters, accompanied by physical infrastructure enlargement and increased storage/buffer 

capacity. These expansions are slowed by lengthy permitting procedures, with the current 

process taking more than two years. Despite this, the site has secured a grid connection and is 

technically ready for scaling. Carbon capture is permitted under current licensing but cannot be 

pursued due to electricity constraints caused by grid congestion. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Ensuring the existing installation operates to design capacity before initiating 

expansion. 

• Securing all permitting, electricity, and gas grid access for expansion readiness. 



73 

 

 

• Integrating additional digesters and buffer capacity while navigating grid congestion. 

 

“How do you experience the economic side of biomethane production?” 

The company operates without subsidies and instead relies on a long-term supply agreement 

with a major oil and gas company, secured for over 10 years. This contract includes a target 

carbon intensity (CI) score, which must be met to receive the agreed compensation. Because 

the plant uses primarily waste-based inputs like manure and glycerine, the resulting gas has a 

highly negative CI score, qualifying it as low-carbon biomethane under RED II. Revenues from 

this offtake agreement are reinvested in the site’s expansion and optimization rather than being 

distributed to shareholders. The facility is still financially recovering from the amphetamine 

crisis in the Dutch digesters world, which resulted in over €10 million in damages. Strategic 

decision-making around expansion is heavily influenced by macroeconomic and regulatory 

conditions, such as market volatility (e.g. gas price shocks from geopolitical events) and legal 

changes (e.g. potential reclassification of chicken manure in other countries). The company 

avoids gas price hedging, choosing instead to remain fully exposed to the spot market, believing 

that partial hedging without full process certainty creates unbalanced risk. While the upcoming 

blending obligation is seen as beneficial for the sector, it is not directly relevant to this facility 

due to the existing contract structure. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Managing exposure to volatile gas prices without hedging. 

• Relying on contractual CI performance for financial returns. 

• Deciding on expansion timing based on macroeconomic conditions and internal plant 

performance. 

 

“What role does the environment play in your approach to biomethane production?” 

Environmental sustainability plays a central role in contract compliance rather than internal 

policy. The company is ISCC EU certified as a collecting point, biogas plant, and biomethane 

plant. Their offtake agreement includes a target CI score tied to financial performance, making 

emissions management primarily a commercial driver. Aside from that, there are no specific 

environmental KPIs pursued independently. However, key operational practices, such as local 

feedstock sourcing and advanced nitrogen management, result in low transport-related 
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emissions and high GHG savings. The company does not yet engage in carbon capture, due to 

energy limitations on site, but sees this as a potential future option. Methane leakage control, 

energy optimization, and digital innovation are all reviewed internally on a case-by-case basis, 

though the interviewee noted that many vendor proposals to improve efficiency lack proven, 

scalable benefits. The plant includes a laboratory and in-house biologist for continuous process 

improvement, but is selective with implementing new technologies. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Maintaining a highly negative CI score as specified in offtake contract. 

• Sourcing feedstock within a local radius to limit transport emissions. 

• Potential future adoption of carbon capture, contingent on grid access and energy 

availability. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

When asked what they would do differently if starting over, the interviewee emphasized that 

they would design a simpler plant with a more singular focus on gas production. The current 

facility is technically impressive, referred to metaphorically as the Ferrari under the digesters, 

but is costly and complex to operate. This sophistication enables a superior CI score, but it also 

demands high investment and operational effort, potentially outweighing the added value. In a 

future project, they would aim for lower capital intensity and higher uptime, even at the cost of 

a slightly higher CI score. They would also reassess decisions related to automated packaging 

and downstream processing, arguing that these features, while sophisticated, are not core to the 

biomethane business model. Their strategic shift would be toward a modular, scalable plant 

design focused exclusively on reliable, efficient biomethane production. 
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Interview summary of interviewee 5 

 

Feedstock that the biomethane producer 

uses 

• Sewage water sludge 

Production capacity 6.000.000 m3 biomethane 

Role interviewee in organization Site manager  

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

This wastewater treatment facility produces biomethane through the thermophilic digestion of 

sewage sludge. The input consists of two sludge streams: one internal stream with low dry 

matter content (~3%) and three external streams that arrive already partially dewatered (~25% 

dry matter). Internally, the sludge is thickened to about 7–9% before being co-fed into two 4,500 

m³ digesters running 24/7. Biogas is biologically desulfurized and passed through activated 

carbon filtration to remove siloxanes. The gas is then distributed to two main off takers: a big 

corporate consumer beverages company, which uses the majority (~85–90%) as a direct biogas 

substitute for natural gas. The municipal waste collection service, which fuels about 40 garbage 

trucks with upgraded biomethane. If either of these off-takers cannot absorb the full production, 

the remaining biogas is used in on-site combined heat and power (CHP) systems or, in the worst 

case, flared. There is no gas grid connection, which limits dispatch flexibility. The installation 

does not perform feedstock pre-treatment beyond mechanical contaminant removal. The 

digestate is re-dewatered and transported to incineration at Moerdijk, representing a consistent 

cost of roughly €100 per ton. The digestion process performs above expected yield, especially 

in terms of biogas output and sludge breakdown. While operationally efficient, the facility's 

flexibility is constrained. No major innovations are being pursued beyond routine fine-tuning 

for reliability. The only strategic consideration is centralizing digestion for all sludge streams 

from within the water board to improve efficiency and possibly reduce carbon emissions. 

However, grid connection capacity and logistics remain limiting factors. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 
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• Continuity and reliability of the digestion process, as disruptions cascade into sewage 

treatment operations. 

• Sludge reduction performance and gas output per volume of input sludge. 

• System integration with existing water purification infrastructure (impact on 

ammonium/phosphate loads). 

• Operational feasibility of centralized digestion across water board locations. 

 

“How do you experience the economic side of biomethane production?” 

Financially, the plant is operated as a non-profit public utility, where costs and revenues 

(including subsidies) are shared between the water board and the municipal waste service. For 

the biomethane stream, price agreements are linked to the European gas market and HBE (green 

gas certificate for the transport market) revenues, particularly in the contract with the corporate 

consumer beverages company. These agreements include: 

• A 10-year fixed-term contract with the corporate consumer beverages company (2018–

2028) using variable pricing based on market conditions and certificate values. 

• A cost-sharing model with the municipal waste service that distributes expenses and 

revenues equally. 

The organization applies for SDE subsidies but does not focus heavily on maximizing them. 

The SDE only applies to the portion of gas used in CHP when not taken by external users. For 

potential expansion, multiple factors influence the business case: 

• The existing lack of grid injection capacity and site power limitations. 

• The role of the corporate consumer beverages company in future off-take. 

• The need to maintain electricity self-sufficiency at other water treatment sites, currently 

dependent on internal CHP generation. 

Investment justification is evaluated not only on financial grounds but also on alignment with 

strategic goals of the water board, including sustainability targets. Capital is typically available 

if plans align with broader policy and operational goals. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Cost-sharing arrangements with public-sector off-takers that maintain revenue 

predictability. 

• Power availability and net congestion, limiting expansion and gas upgrading potential. 
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• Contract security (e.g., continuation of offtake with the corporate consumer beverages 

company post-2028). 

• Internal alignment with strategic plans, allowing long investment horizons without 

immediate returns. 

 

“What role does the environment play in your approach to biomethane production?” 

Environmental impact is a central driver of decision-making. The water board has committed 

to climate neutrality by 2050 and is actively studying ways to reduce its greenhouse gas 

emissions. Although biomethane is not a core product, the digestion process contributes to these 

environmental goals by: 

• Reducing the volume of sludge needing thermal treatment. 

• Replacing fossil fuels in industrial and transport sectors. 

• Lowering transportation emissions by localizing digestion streams. 

Despite being certified under Better Biomass (NTA 8080) and RED II, the organization does 

not actively manage CI (Carbon Intensity) scores nor are such metrics required by their off-

takers. Instead, the environmental value of biomethane is viewed holistically as part of the water 

board’s broader climate agenda, which includes reducing nitrous oxide emissions, improving 

internal energy production, and exploring CO2 capture in the long term. 

An internal team is researching the emissions profile of various processes, particularly focusing 

on laughing gas (N2O) from sewage treatment, as part of their commitment to minimizing their 

environmental footprint. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• CO2 footprint reduction through sludge minimization and fossil fuel displacement. 

• Potential for CO2 recovery as part of an expansion decision (currently under study). 

• Limited transport emissions due to co-location of waste sources and digestion. 

• Contribution to the water board’s climate neutrality roadmap. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

Reflecting on lessons learned, the interviewee noted that the current setup works well 

logistically and operationally, particularly in how incoming and outgoing sludge transport is 

synchronized. However, the key regret is the high dependency on a small number of gas off-
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takers. When these cannot absorb gas, due to vehicle electrification trends or production pauses, 

valuable biogas is wasted through flaring. If starting over, the organization would prioritize 

greater operational flexibility, ideally through a gas grid connection or multiple diverse offtake 

channels. This would reduce vulnerability to changes in client behaviour and allow for better 

monetization of surplus gas. Additionally, the potential role of CO2 recovery would be 

considered more seriously from the beginning, especially in light of evolving sustainability 

targets. 
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Interview summary of interviewee 6 

 

Feedstock that the biomethane producer 

uses 

• Sewage water sludge 

Production capacity 1.500.000 m3 biomethane 

Role interviewee in organization Technical advisor energy transition   

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The water authority operates 15 wastewater treatment plants, of which five currently include 

anaerobic digesters. These digesters process approximately half of the total sewage sludge 

volume, both primary and secondary sludge. The digestion process yields varying volumes of 

biogas: two smaller sites (Heiloo and Alkmaar) produce between 400.000 and 600.000 m3 per 

year, while the larger installations range between 1 and 2 million m3 annually. Biogas is entirely 

produced from sewage sludge, with no co-substrates. Only the larger facilities (like Beverwijk) 

are equipped with upgrading installations to produce biomethane. Projects are underway to add 

biomethane production capacity at Zaandam and Den Helder. In addition, a centralized 

digestion facility is under construction to process all remaining untreated sludge. There is no 

focus on optimizing the digestion process itself, as the specific characteristics of sewage sludge 

limit the returns on intensification. However, the team is considering additional pre-treatment 

steps (e.g., early thickening or primary sedimentation) at select sites to modestly increase gas 

yield, though the trade-offs (more contamination, higher maintenance) are carefully weighed. 

One operational lesson was learned from Beverwijk, where the choice for a high-temperature 

heat pump led to disproportionate electricity consumption. Future projects aim for more energy-

efficient designs, using lower process temperatures to align heating needs with the digestion 

temperature (~ 38 degrees Celsius). Net congestion and limited grid connection capacity further 

constrain operational scaling, making it necessary to continue using CHP systems during peak 

production periods. Biogas production is not a core duty for the water authority, the primary 

mandate remains sludge processing, but internal attitudes are shifting. There's growing 

recognition that biomethane production contributes to sustainability goals and offers public 

value, prompting increased staffing and investment. 
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“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Public/ societal value and contribution to local energy transition. 

• Technical feasibility given grid constraints and heat supply. 

• Avoidance of excessive operational complexity or maintenance burden. 

• Scalability through centralization and thermal efficiency. 

 

“How do you experience the economic side of biomethane production?” 

While biomethane has been produced for over two decades, financial management, including 

off-take and certification, was historically handled by third parties. As a result, the organization 

has limited in-house experience with the biomethane and certificate markets. One major 

economic constraint is the insufficient SDE++ subsidy for smaller installations, which limits 

financial viability without market income. The current SDE framework is considered 

inconsistent with national ambitions, especially given the attention placed on mandatory 

blending obligation for gas in the built environment. The market for green gas certificates is 

perceived as non-transparent and dominated by a small number of trading actors. The authority 

relies on DMT as its upgrading and market intermediary, and while there is confidence in 

DMT’s integrity, the lack of price visibility remains a concern. Furthermore, as a public 

authority, the organization is obligated to use public procurement procedures, which 

complicates technology acquisition. In one case, no bidders responded to a tender, highlighting 

the narrow vendor landscape in the Netherlands (limited to DMT and Bright). This poses 

challenges when rolling out multiple installations in parallel. Although the blending obligation 

sends a positive signal, it did not influence the current investment decision because the 

regulation was still too uncertain during planning. The financial model for biomethane projects 

hinges on modest expectations: break-even within the asset’s economic lifetime is considered 

sufficient. Profit generation is not the objective; societal contribution is prioritized. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Adequate SDE++ support, especially for smaller-scale projects. 

• Ability to maintain financial viability within the economic lifespan. 

• Trustworthy access to the green gas certificate market, despite its opacity. 

• Flexibility in procurement, given the limited vendor base. 
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“What role does the environment play in your approach to biomethane production?” 

Environmental motives play a significant role in project development. The transition from on-

site CHP combustion of biogas to green gas upgrading was partially driven by the need to 

minimize the organization’s CO2 footprint. Green gas production, compared to local 

combustion, results in a lower overall carbon intensity. A study at one treatment site revealed 

that methane slip (leakage) was significantly higher than expected. With methane slip detection 

you improve environmental performance but also boosts carbon intensity (CI) scores, which 

may translate into financial benefit through certification systems. The authority has also 

integrated internal carbon pricing into its planning: €140 per ton of CO2 reduction is used as a 

shadow price, following a joint agreement among Dutch water authorities. This valuation helps 

justify sustainability investments, such as carbon capture or improved gas recovery, even when 

immediate economic returns are unclear. Electricity consumption remains a limiting factor: in 

several locations, net congestion prevents full replacement of CHP with gas upgrading, forcing 

continued reliance on internal energy generation. This tension between electricity use and gas 

production affects CI scores and operational decision-making. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Methane leak prevention to improve CI scores and meet internal climate targets. 

• Internal valuation of CO2 reduction at €140 per ton, used to support investment logic. 

• Avoidance of unnecessary electricity use in marginal yield-enhancing technologies. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

Given the chance to start from scratch, the interviewee would not build five separate digestion 

installations, two of which are economically suboptimal due to small scale. Instead, they would 

develop two large centralized digesters, each producing 3 to 5 million m3 of biogas annually, 

with associated green gas units. These centralized hubs would allow for economies of scale, 

lower investment per unit of output, and better integration of low-temperature heating systems. 

Another key change would be to avoid over-engineering, specifically by skipping energy-

intensive heating systems like the one installed in Beverwijk. Heating sludge with 70°C water 

is inefficient when only ~38°C is needed. More passive heating approaches, such as using 

effluent heat at 50°C, would be prioritized. Lastly, the organization would invest in streamlining 
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the certification process, which is now experienced as bureaucratically heavy and at odds with 

the simplicity of public service delivery. 
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Interview summary of interviewee 7 

 

Feedstock that the biomethane producer 

uses 

• Brown grease 

• Food waste 

• Organic municipal waste 

• Residues and waste from production of 

hot beverages 

Production capacity 2.600.000 m3 biomethane 

Role interviewee in organization Business Developer Circular Projects 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The facility's core feedstock is source-separated organic waste (GFT), which constitutes about 

90% of the digester input. Additional co-streams such as grease trap residues and coffee grounds 

were previously used to boost gas production but have declined due to market disruptions. 

Currently, the plant produces 2.6 million Nm3 of green gas annually, all of which is upgraded 

through membrane technology and injected into the gas grid. The process begins with 

mechanical removal of contaminants (glass, stones), followed by shredding and sieving (60 

mm), and distribution into two 40-meter-long plug-flow digesters. The residence time varies 

between 15 and 25 days. Digestate is partially composted, although compost quality suffers 

from glass contamination in the urban waste stream, turning compost into a cost-neutral or cost-

negative product. Green gas is produced with an advanced upgrading line including scrubbing, 

active carbon filtering, biogas compression, membrane separation, and nitrogen injection. CO2 

is also captured, liquefied, and sold to a local partner, originally an international client. The 

aging installation (13 years) is undergoing targeted upgrades to improve reliability and modest 

capacity gains. A major expansion had been considered but was scaled back due to declining 

availability of high-value feedstocks. Strategic attention is now being redirected toward 

processing pre-treatment in-house, such as grease thickening, to improve feedstock control and 

stability. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 
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• Feedstock certainty (volume and certification stability). 

• Technological reliability and business continuity, particularly for older equipment. 

• Operational gains via minor upgrades (e.g., gas polishing, nitrogen injection). 

• Flexibility in feedstock treatment to buffer against volatile supply chains. 

 

“How do you experience the economic side of biomethane production?” 

The biomethane operation is a profitable component of the business model, though its revenue 

is secondary to the core activity of GFT treatment for municipalities. While the company 

doesn’t currently use its SDE++ subsidy, the subsidy serves as an important financial safeguard, 

ensuring minimum revenue in case market conditions deteriorate. Biomethane is sold in two 

streams. The gas molecule is sold to their own energy supplier, often at spot market prices to 

mitigate risk. The green certificates are sold via annual agreements with a trading intermediary. 

The company is considering direct sales to energy providers to gain better margins and control. 

Financial viability is highly sensitive to certificate pricing, especially as the green value has 

increased in light of the blending obligation. The company views this obligation as a positive 

signal that justifies future investments, such as pre-treatment capacity or feedstock contracts. 

Although historically all business units were managed as a single cost centre, biomethane and 

composting are now treated as separate profit-and-loss units, allowing for sharper internal 

benchmarking. The firm benefits from internal synergies, such as access to self-produced 

electricity and heat, but is working to simulate more market-driven accounting to prevent 

complacency. The ownership structure is mixed (part public, part private), and while dividend 

demands exist, the organization typically retains enough capital for reinvestment when a strong 

business case is presented. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• SDE++ subsidy as a financial backstop, even when not actively used. 

• Return potential from green value and gas pricing, especially under the upcoming 

blending obligation. 

• Investment decisions based on risk mitigation (e.g., feedstock volatility, gas market 

uncertainty). 

• Clear internal accounting between business units to encourage data-driven investments. 
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“What role does the environment play in your approach to biomethane production?” 

Environmental performance is fundamental to the operation’s business case. The facility is 

ISCC EU certified and handles multiple certified waste streams such as food waste, organic 

municipal waste, brown grease, and residues from hot beverages. Green gas production offers 

lower CO2 intensity than combustion in CHP units, which was a key reason for choosing gas 

injection over electricity generation. Still, the company notes high compliance pressure due to 

rapidly evolving certification standards. Changes in actual value (AV) calculations, lifecycle 

data, and sustainability definitions can abruptly disqualify certain feedstocks, jeopardizing 

revenue and operational planning. Past experiences with feedstock partners who failed to 

provide correct documentation have led to financial and reputational setbacks. As a result, the 

company has become more conservative in accepting new waste streams and prefers to rely on 

default (standard) values where possible to reduce compliance risk. The company also noted 

latent environmental risks from legacy technologies, such as an outdated cooling system with 

high CO2-equivalent refrigerants. Though not currently part of their CI calculations, they 

recognize that such emissions could become relevant in future audits, prompting consideration 

of early replacement. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Compliance with ISCC EU and EU RED II, with preference for standard values. 

• Stability and clarity in certification expectations. 

• Environmental diligence to reduce unreported risks (e.g., refrigerants, leakages). 

• Proactive CO2 capture and valorisation, contributing to a low carbon intensity profile. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

If starting over, the company would invest in larger feedstock storage capacity, especially for 

liquid and solid co-streams. Current limitations force them to quickly process incoming 

material, which introduces production fluctuations and missed opportunities for consistent 

high-energy feedstock blending. They would also install a more flexible and robust gas 

upgrading system from the beginning, one that can handle greater sulphur loads and switch 

between various input streams, enabling broader feedstock diversity. In hindsight, they would 

have established earlier control over feedstock contracts to secure long-term stability. 

Collaborations with existing partners, including shareholders, present untapped opportunities 
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for developing a hybrid digestion system (e.g. combining plug-flow and liquid digestion) to 

serve a wider market. Overall, a redesign would prioritize scalability, feedstock flexibility, and 

modularity, positioning the plant to respond faster to market and regulatory changes. 
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Interview summary of interviewee 8 

 

Feedstock that the biomethane producer 

uses 

• Brown grease 

• Food waste 

• Organic municipal waste 

• Residues and waste from production of 

hot beverages 

Production capacity 38.896.787 m3 biomethane now, 286.607.904 

m3 end of year 

Role interviewee in organization Chief Commercial Officer and co-owner 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The company operates an industrial-scale co-digestion facility, processing approximately 

350,000 tons annually, composed of roughly 55% manure and 45% co-products. The output is 

upgraded to biomethane using a membrane-based installation, which has been expanded by 

adding a second unit to double the capacity. Current production reaches 380 GWh, with 

expectations to grow to 800 GWh by the end of the year as two new installations come online. 

The plant injects green gas into both a low-pressure (8 bar) and a high-pressure (40 bar) network 

and captures half of its CO₂ output, which is sold to the glasshouse horticulture sector. 

Operations are managed by a team of eight on-site staff, while feedstock sourcing, certification, 

and digestate handling are managed centrally at the corporate level. Digestate represents a 

significant operational burden, accounting for 80% of the input mass. The digestate is separated 

into solid and liquid fractions. Roughly half of the solid fraction is composted using in-house 

tunnel systems and then exported to France. The remaining solid and liquid fractions are also 

exported or spread locally, depending on market and regulatory conditions. Digestate disposal 

is a major cost driver, second only to feedstock acquisition. There is no pre-treatment of input 

streams. Instead, a "ration" is designed by a biologist, who mixes solid and liquid inputs to 

ensure optimal biological conditions. The facility purchases most of its electricity, 

supplemented by a small solar installation (~500 kW). The team continuously evaluates 

operational improvements, particularly around pumping capacity, hydraulic residence time, and 

biological conversion efficiency. 
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“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Logistical capacity for feedstock intake and digestate removal is the primary constraint. 

• Location suitability: proximity to industrial zones, road/water/supply infrastructure is 

essential. 

• Avoiding neighbourhood nuisance (odor, transport volume) is critical. 

• Strategic scaling through modular growth, not instant max capacity. 

 

“How do you experience the economic side of biomethane production?” 

The company operates a hybrid subsidy strategy, producing partly under SDE++ subsidy and 

partly for the free market. Green gas and green certificates are marketed through a diversified 

strategy, combining spot market sales, short- to mid-term contracts (1–2 years), and one longer 

contract (5 years, ~26% of volume). While brokers are occasionally used, direct sales to buyers 

are preferred. The decision to diversify sales was driven by changing market conditions. 

Historically, green value prices were low (6–12 €/MWh), but over the last 3–4 years, they have 

risen significantly, especially under the influence of the upcoming Dutch blending obligation. 

This has increased both subsidized and unsubsidized value streams. The company emphasizes 

volume risk management. Given the large production scale, it cannot rely solely on spot markets 

and must spread sales across multiple channels. Similarly, it avoids long-term feedstock 

commitments that could expose them to volatile pricing. Market and regulatory uncertainty, 

particularly around maritime fuel legislation and EU ETS, significantly affect decision-making 

and investment timing. Weather conditions play an unexpectedly large economic role. Rainfall 

impacts digestate disposal options, increasing storage and logistic costs. Poor harvests reduce 

feedstock availability and increase prices. These externalities create significant economic 

unpredictability. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Regulatory developments like the blending obligation and IMO maritime 

decarbonization targets could unlock new markets. 

• Feedstock availability and weather resilience affect input and output cost structures. 

• Market diversification to hedge price and demand volatility. 



89 

 

 

• Question of value distribution: Will increased market value benefit the producer or 

intermediaries? 

 

“What role does the environment play in your approach to biomethane production?” 

The company is ISCC EU certified for multiple waste streams including manure, food waste, 

glycerine, oil processing residues, and others. Certification is essential for accessing green 

markets, although the interviewee noted that some certification protocols are overly rigid or 

disconnected from practical realities. While the system is conceptually sound, strict 

documentation and formal requirements sometimes undermine feasibility. Although carbon 

intensity (CI) targets are included in some contracts, the company does not currently optimize 

operations around CI performance, since marginal improvements are not yet financially 

rewarded. However, it expects that a fully CO2-driven market is inevitable and supports such a 

shift. The company sells captured CO2 to glasshouse horticulture, though this represents a 

modest revenue stream. Investments in additional CO2 recovery capacity are not currently 

justified financially. Similarly, while emissions improvements (e.g., green transport, low-CI 

energy) are technically possible, they are not pursued unless compensated. The company is 

clear: climate measures must be economically viable, or they won’t be prioritized. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Movement toward a CO2-steered market where emissions reductions are rewarded per 

gram. 

• Transport and input stream optimization for lower CI scores, but only when it translates 

to real revenue. 

• Certification systems (e.g. ISCC EU) are essential, yet often overly formalistic. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

From the perspective of someone with over 15 years of sector experience, the interviewee stated 

that no major changes would be made to the project design or development approach. The 

installations in Zeeland, Friesland, and Groningen are viewed as blueprints for industrial-scale 

success. Any small technical lessons from earlier projects have already been applied in newer 

facilities. However, on a sector level, the interviewee believes many projects are unrealistic 

because they are developed on paper without practical grounding. Project developers often push 
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forward just to obtain permits and flip the asset, without regard for operational feasibility. 

According to the interviewee, industrial-scale co-digestion is too complex to treat as a side 

business. Only companies who treat biomethane as a core focus succeed long term. Specifically, 

the sector underestimates the importance of location and logistics. Infrastructure access, heavy 

transport volumes, and digestate handling must be planned from the start. The interviewee 

criticizes regulators and developers who allow plants near residential areas or on remote 

farmland, projects destined to fail due to odor complaints or traffic limits.  
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Interview summary of interviewee 9 

 

Feedstock that the biomethane producer 

uses 

• Manure 

• Sugar beet residues 

• Feed waste 

• Food waste 

• Crude glycerine 

• Husks 

• Waste/ residues from processing of 

vegetable or animal oil 

• Matter organic non glycerol 

• Sewage sludge 

• Residues and waste from production of 

hot beverages 

• Waste pressings  

• Whey permeate 

• Used cooking oil 

•  

Production capacity 15.000.000 M3 per year 

Role interviewee in organization Managing director 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

At all their installations, the operational process is organized similarly: a mix of manure (at least 

50%) and co-products is digested to produce biogas. The gas is either used in CHP units or 

upgraded to biomethane. Downstream, the process produces digestate, which imposes 

significant handling and cost considerations, particularly if nutrient levels (e.g. phosphate, 

ammonium) exceed disposal thresholds. Feedstock management is highly strategic. The 

company balances gas yield and green gas certificate value by mixing feedstocks that comply 

with various certification categories (ISCC EU, non-ISCC, single/double counting, HBE 

markets). Manure yields little gas but results in valuable double-counting certificates, while co-

products like glycerine provide higher gas yields but often come with higher sulphur levels or 
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cost. Operational constraints arise from: Biological limits (e.g., ammonium and dry matter 

thresholds). Technical compatibility of feedstocks with specific feeding systems. Gas 

purification limits due to sulphur content, which affects active carbon filter lifespans and 

downstream gas quality. Innovative tools are being explored to optimize plant performance. 

Notably, the company is experimenting with AI-based process optimization, using historical 

data to fine-tune feedstock mixes and improve gas yields and CI scores. This is expected to 

deliver substantial operational efficiency gains in the coming years. Carbon capture systems are 

not yet installed but are licensed and planned, particularly if energy use constraints (e.g. grid 

congestion) can be resolved. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Maintaining a technically stable feedstock mix, optimized for yield and certification. 

• Minimizing downtime through redundant equipment (e.g. backup pumps). 

• Managing digestate nutrient levels to reduce disposal costs. 

• Applying AI tools for feedstock and process optimization. 

 

“How do you experience the economic side of biomethane production?” 

The company does not currently receive SDE++ subsidies. Instead, the company pursues a 

market-based strategy, relying on favourable long-term contracts and diversified gas and 

certificate sales. Their model includes: Contracts that bundle both gas molecules and 

certificates, or separate sales: certificates to traders, gas on the spot market (TTF). Several 

contracts contain carbon intensity (CI) clauses, where the company is financially rewarded (or 

penalized) for performance per CI point deviation. These clauses create direct incentives for 

process and supply chain optimization. The economic strategy involves structuring production 

assets under a single gas-sales entity, allowing flexibility to allocate production volumes 

strategically between SDE-eligible and market-oriented units. Investment decisions are 

assessed through straightforward financial analysis: CAPEX vs. increased output vs. downtime 

mitigation. Additionally, attention is paid to risk-reducing investments, such as redundant pump 

systems, which ensure continuous operation and reduce production losses due to mechanical 

failure. The company sees the Dutch blending obligation as a market game changer, expected 

to raise green gas prices and make CI score compliance even more critical for value capture. 
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“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Managing CI score thresholds under contract (reward/penalty per deviation). 

• Investing in bottleneck removal and production continuity. 

• Preparing for higher returns under the blending obligation. 

 

“What role does the environment play in your approach to biomethane production?” 

The company is ISCC EU certified across multiple installations. While compliance with 

environmental regulation and sustainability standards is treated seriously, the company makes 

clear that additional environmental efforts must yield tangible economic value. Methane 

leakage is monitored using infrared cameras, and detected leaks are repaired to reduce both 

environmental and financial losses. Carbon footprint calculations also account for transport 

emissions, where shipping and rail transport are preferred over trucking. The use of network 

electricity is another CI score factor; however, regulatory rules still require use of the outdated 

2019 fossil electricity mix, which worsens reported CI performance despite cleaner current 

energy sources. The company offsets this by selectively using CHP units, which run on their 

own biogas. However, since CHPs consume gas that could otherwise be upgraded, this 

represents a trade-off between power use and green gas production. Environmental optimization 

efforts are not pursued beyond the point where they generate real market value. For instance, 

carbon capture is only planned where it helps improve CI scores and supports certification or 

contract requirements. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• CI score management through: 

• Feedstock sourcing (shorter transport, low-emission modes). 

• Internal electricity production (avoiding non favourable fossil mix). 

• Methane leakage detection and repair. 

• CO2 liquefaction and reuse as a future priority (licensed but not yet installed). 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

Reflecting on their development approach, the interviewee indicated there would be no major 

changes to their strategy. The company specializes in acquiring existing installations, 
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converting them to biomethane production, and scaling them up efficiently. This model has 

been refined over time and is now executed with consistency across multiple assets. Any 

changes would be minor operational adjustments. The organization is currently well-structured 

in terms of feedstock logistics and plant operations. The company considers itself past the 

experimentation phase and now focused on scaling through replication and continuous 

optimization. 
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Interview summary of interviewee 10 

 

Feedstock that the biomethane producer 

uses 

• Manure 

• Feed waste 

• Food waste 

• Agricultural harvesting residues 

• Bean shells, silverskin, and dust 

• Brown grease/ grease trap fat 

• Crude glycerine 

• Dairy wasate scum 

• Draff 

• Drink waste 

• Fruit/vegetable residues and wastes 

• Husks 

• Industrial wastewater derivatives 

• Intermediate crop 

• Mustard/ carinata 

• Non-edible cereal residues and waste 

form grain milling and processing 

• Nut shells 

• Organic waste wand similar waste 

flows from trade, services and 

companies 

• Residues and waste from production of 

hot beverages 

• Residues from the processing of corn  

• Soybean 

• Starch slurry 

• Sugar beet residues 

• Velasse 

• Waste oil from sewage sludge 

treatment 
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• Waste slurry from the distillation of 

grain mixtures 

• Wastewater from the food industry 

• Waste starch slurry 

• Waste/ residues from processing of 

vegetable or animal oil 

• Sewage sludge 

• Waste pressings  

• Whey permeate 

Production capacity 9.000.000 M3 

Role interviewee in organization Co-owner 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The producer operates a co-digestion installation permitted to process up to 61,000 tons per 

year, combining approximately equal parts of manure and co-products sourced from their own 

stables. The plant is designed for low-grade biogas production, relying on a long digestion time 

of 90 days, with pre-treatment through hydrolysis and continuous fermentation at 40°C. This 

enables stable output despite varying feedstock quality. The installation uses membrane 

upgrading to produce green gas, with a portion of biogas still utilized in a CHP unit due to grid 

congestion, which limits full gas injection. CO2 capture is currently not applied, as it is not 

included in the current permit and was postponed to avoid permitting delays and local 

resistance. Production goals aim for around 9 million Nm3 of biomethane per year, subject to 

improved electricity access and potential permit changes. Digestate is handled efficiently: it is 

exported across the border and represents a minor cost item due to favourable logistics and 

nutrient value. Operations are managed by a lean team and depend heavily on experienced staff, 

who must monitor and resolve issues on a 24/7 basis. The company emphasizes the need for 

dedicated personnel, noting that the responsibility and technical nature of biogas operations 

may discourage younger workers. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 
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• Permit capacity and regulatory flexibility. 

• Grid connection availability to avoid reliance on CHPs. 

• Stable access to feedstock (co-products) to enable reliable production. 

• Availability of qualified personnel to manage operations around the clock. 

 

“How do you experience the economic side of biomethane production?” 

The company operates a flexible business model, using the SDE++ subsidy as a financial safety 

net rather than a core income stream. It sells gas and green certificates separately, strategically 

timing sales to maximize market value. Certificates are sold in small volumes in advance, while 

the remainder is traded depending on market conditions. Feedstocks are not secured through 

fixed contracts. Instead, the company actively manages procurement based on cost, yield, and 

risk, maintaining a balance between affordability and certification value. Gas production costs 

are considered predictable, while feedstock costs remain volatile and influential on overall 

profitability. There is strong confidence in the business case, even in a post-subsidy 

environment, provided market conditions remain favourable. The company expects that 

upcoming policy instruments, such as the Dutch blending obligation, will create a stronger 

green gas market. Financial independence enables them to take calculated risks without relying 

on banks or investors for security. Investment decisions are based on cost-per-unit output, as 

well as operational constraints such as available grid connection. Long-term returns and 

resilience to market fluctuations are prioritized over short-term gains. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Flexibility between subsidized and unsubsidized production based on market signals. 

• Feedstock cost management as a key profitability driver. 

• Gas and certificate market dynamics, particularly in light of the blending obligation. 

• Freedom to retain or reinvest earnings without pressure from investors. 

 

“What role does the environment play in your approach to biomethane production?” 

The operation is certified under ISCC EU and produces biomethane from a range of feedstocks, 

including manure, food and feed residues, oils, and processing waste. Current CI scores meet 

eligibility thresholds for subsidy support, but further optimization is not pursued unless it would 

unlock access to high-value voluntary markets. The company’s environmental strategy is 
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integrated into its broader agricultural business model. The digestion of manure and co-streams 

contributes to the reduction of emissions from livestock, aligning with national goals around 

circular farming. Digestate is efficiently exported to nearby regions with favourable application 

conditions, reducing transportation and processing impacts. Although not explicitly carbon 

neutral, the operation minimizes environmental costs by avoiding energy-intensive post-

processing and by closing nutrient loops between livestock and crop systems. CO2 capture may 

be considered in the future if market mechanisms offer sufficient return on investment. The 

company supports a scale-driven approach to sustainability, arguing that only through 

substantial, consistent production volumes can biomethane projects be both economically and 

ecologically effective. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Contribution to manure management and emission reduction in agriculture. 

• Digestate valorisation through low-cost, cross-border logistics. 

• Potential for CO2 capture, pending permitting and market maturity. 

• Alignment with circular farming goals, especially within integrated agricultural models. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

If the interviewee were to start over, they would simplify the plant design by avoiding the 

current hydrolysis ring and instead opt for a centralized, enclosed pre-treatment facility. A larger 

electricity connection would be installed from the outset to enable full green gas production 

without reliance on CHP units. They also regret not including CO2 capture in the original permit 

due to concerns about permitting delays. Strategically, they think co-digestion is only viable 

with regional cooperation, developing the plant together with 10 to 15 farmers to ensure 

feedstock security and operational scale. They emphasized that biomethane success requires 

not just technical setup, but a shift in mindset: from cost-driven to value-driven thinking, with 

long-term sustainability and collaboration at the core. 
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Interview summary of interviewee 11 

 

Feedstock that the biomethane producer 

uses 

• Manure 

• Crude Glycerin 

Production capacity 5.500.000 M3 

Role interviewee in organization Accountmanager 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The organization operates three digestion installations: two in Hengelo and one in Zenderen. 

The Hengelo site includes a GFT digester and a liquid stream digester. The maximum 

biomethane production capacity in Hengelo is around 5.5 million Nm³ per year, although the 

installation is not yet running at full capacity due to feedstock availability limitations and policy 

restrictions on commercial sourcing. The GFT digester primarily processes the fine fraction of 

household organic waste. Its feedstock is about 80% GFT, complemented by liquid or solid co-

products to balance viscosity. The organization avoids heavily contaminated waste streams, like 

unpackaged food waste, due to their risk of contaminating the certified compost produced 

downstream. The digestate is hygienized and used internally as feedstock for compost 

production, avoiding disposal costs. The liquid stream digester is managed more commercially. 

Historically, it has focused on lower-cost “waste-like” co-streams with a reasonable gas yield. 

However, due to plans to scale green gas production from 2 million to 5.5 million Nm³, the 

facility will begin sourcing higher-quality feedstocks to ensure stable and clean gas output. 

Feedstock quality is becoming increasingly important as the organization prepares to supply 

certified green gas to municipal and commercial clients. Operational decisions are supported 

by a dedicated optimization team that evaluates process efficiency and feedstock performance 

on a daily basis. All installations are being upgraded to support green gas injection, and the 

switch from CHP to biomethane production is planned for October 2025. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Feedstock availability and quality, sufficient, clean, and locally sourced. 

• Capacity to run at economical full load without subsidy reliance. 
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• Digestate integration into internal composting to avoid disposal costs. 

• Day-to-day optimization through process monitoring and team oversight. 

 

“How do you experience the economic side of biomethane production?” 

The organization carries out all investments internally. Although it is publicly owned by 

municipalities, it operates independently and does not receive direct financial contributions 

from its shareholders. While historically supported by the SDE++ subsidy, the main site 

currently operates without it due to the transition to green gas. The Zenderen facility still 

receives SDE++. Without the subsidy, many lower-value feedstocks have become economically 

unviable, as their costs exceed the returns from energy production. The organization notes that 

margins are tight and that economic feasibility heavily depends on external factors such as gas 

market prices, feedstock costs, and subsidy availability. The upcoming Dutch blending 

obligation is seen as a positive policy development, with the potential to improve pricing and 

market access for green gas. However, the interviewee expressed concern about the lack of 

regulatory certainty and long-term offtake guarantees, which limits investment confidence. The 

company currently sells a portion of its future gas output directly to municipal shareholders as 

part of regional sustainability goals. The remaining volume will be sold on the open market. A 

dedicated energy team manages both the molecule and the certificate markets. There is an 

ambition to optimize certificate value via ISCC and GO schemes, but the lack of clear, stable 

rules continues to create economic risk. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Regulatory stability and subsidy availability (e.g., SDE++). 

• Long-term offtake security, especially for certificate value. 

• Ability to sell gas to both municipal and commercial markets. 

• Risk-adjusted ROI expectations, especially amid policy uncertainty. 

 

“What role does the environment play in your approach to biomethane production?” 

Environmental performance is a key part of the organization’s identity. The company is ISCC 

EU certified for biomethane production, using waste streams such as manure and crude 

glycerine. From October 2025 onward, only fully certified input materials (NTA 8080 or ISCC) 

will be accepted to meet sustainability and traceability goals. Transport distances are minimized 
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through regional sourcing strategies, and the CO2 footprint of each feedstock stream is 

calculated per ton to guide purchasing decisions. The company sees short transport chains and 

local integration as crucial to maintaining low CI scores and public legitimacy. The ambition to 

capture and repurpose CO2 remains, but economic feasibility remains the limiting factor. There 

is growing concern about the shift toward high-grade feedstocks across the sector. The 

interviewee fears that truly sustainable, low-quality waste streams will be abandoned in favour 

of high-yield materials that might not meet the spirit of recycling goals. They advocate for more 

attention to be paid to digest low-carbon, low-value inputs, which currently face negative 

economics despite their circular benefits. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Use of certified, traceable waste streams (ISCC/NTA). 

• Minimization of transport-related CO2 emissions. 

• Desire to implement carbon capture where financially feasible. 

• Alignment with public sustainability objectives (e.g., circular economy, local digestion). 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

The interviewee expressed regret that current market incentives force producers to prioritize 

gas volume over true circularity. Although their organization would prefer to continue digesting 

low-value waste streams, the gas yield is too low to be economically viable without subsidy. As 

a result, there is pressure to shift towards more expensive, high-yield inputs, including feedstock 

that borders on food- or feed-grade materials. They find this development disappointing and 

contradictory to the original purpose of waste-to-energy: digesting discarded materials, not 

purpose-grown or food-quality products. They called for more attention to the economic 

viability of digesting lower-value organic streams, even if they produce less gas, in order to 

maintain the sector’s sustainability mission. While the interviewee could not speak for past 

infrastructure choices, they emphasized that future project design should include the flexibility 

to adapt to feedstock, market, and policy changes, and be built around stable, circular waste 

flows, not just optimized gas yields. 
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Interview summary of interviewee 12 

 

Feedstock that the biomethane producer 

uses 

• Manure [300: 310] 

• Sludge [400: 410, 446] 

• Biomass from industry [500: 512, 583] 

• Organic wastes from households and 

industry [600: 621, 629] 

Production capacity 17.000.000 M3 

Role interviewee in organization Energy Manager 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The company operates  multiple digestion installations within the same Dutch legal entity. They 

produce biogas, which is either upgraded to biomethane or directed to CHP units.. Upgrading 

will be performed using membrane technology, and while CO2 is currently released, there are 

future plans to implement carbon capture and potentially convert green gas into liquefied bio-

LNG. Feedstock logistics are supported by direct purchase or through collection points. This 

system provides high flexibility, enabling dynamic sourcing adjustments in response to market 

shifts or regulatory changes, though it also introduces administrative complexity and risk of 

documentation errors. The digestate from the waste stream is dried . There are two outlets. One 

route as fertilizer and one route as solid biofuel for in industrial applications, avoiding 

agricultural application and enabling greater feedstock tolerance The digestate streams still 

constitute a cost factor. The company is expanding its production to meet expected demand 

from both national and cross-border markets. Future projects aim to be more modular and 

efficient, with an eye on both sustainability and compliance with evolving EU regulations.  

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Technical flexibility to redirect biogas streams toward CHP or biomethane upgrading 

including securing enough heat for bio-digestion and drying process. 

• In-house feedstock logistics and pre-treatment, enabling cost-effective control. 
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• Certainty in permitting and ability to adapt to new regulatory requirements (e.g. CO₂ 

capture). 

• Minimization of administrative errors in mass balance and certification tracking. 

 

“How do you experience the economic side of biomethane production?” 

The company maintains a hybrid market strategy, with green gas sold via both long-term 

contracts and spot market transactions. Long-term contracts are used for stability, while spot 

sales offer price optimization, though these are described as “volatile.” Green certificates are 

sold domestically and abroad, where some streams are more favourably treated under local 

schemes. Although part of the production remains under SDE++ subsidies, notably for CHP 

operations, most future investments aim to operate subsidy-free. This includes scenarios where 

feedstocks are rerouted to high-value end uses like transport. Strategic decisions must pass a 

group-wide investment review, with capital distributed across different countries where the 

entity is active. Proposals are assessed based on an internal rate of return (IRR) and strategic 

alignment within the multinational group. Regulatory uncertainty is a major concern. While 

instruments like the Dutch blending obligation are promising, implementation delays and 

unclear pricing reduce confidence. EU instruments such as the ETS (Emissions Trading 

System) offer additional revenue options, but are treated as fallback positions, since current 

certificate values exceed ETS benefits. The company actively manages feedstock routing to 

maximize return: biogas from less certifiable sources is diverted to CHP use, while high-quality 

streams are injected as biomethane. The goal is to extract the highest value based on eligibility, 

transport distance, and CI thresholds. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• IRR (Internal Rate of Return) as the primary investment decision criterion. 

• Ability to hedge market volatility through a mix of contracts and spot sales. 

• Utilization of subsidies (SDE++) where applicable, with ETS as a backup. 

• Navigating policy-driven markets like the blending obligation and  green mandates for 

transport end use. 

 

“What role does the environment play in your approach to biomethane production?” 
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The organization is certified, allowing them to produce biomethane from all kinds of 

wastes/residues e.g. manure, food waste, ODP, grease and sludges. Environmental criteria have 

grown in importance, but historically they were treated as compliance requirements rather than 

strategic tools. The company meets required CI thresholds (e.g. 32.9 g CO2-eq/MJ) but does 

not yet optimize below that unless financially rewarded. CI management is expected to become 

a key differentiator as markets move toward carbon-based remuneration. Internal awareness is 

growing, and external consultants have helped establish more data-driven sustainability 

tracking. The flexibility of the setup allows streams with higher transport emissions to be routed 

toward CHP use, avoiding CI-related penalties, while cleaner streams are prioritized for 

biomethane injection. However, the company notes that the mass balance approach is becoming 

harder to apply consistently across jurisdictions, as some member states begin to impose stricter 

interpretations of EU directives. Methane leakage is monitored, and internal awareness around 

environmental scoring is growing, but actionable optimization remains limited until financial 

mechanisms reward sustainability more directly. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Compliance with CI thresholds (minimum standards), potential for optimization when 

rewarded. 

• Sustainability certification of feedstocks, especially when sourced via intermediaries. 

• Processing of liquid and solid digestate in an efficient (environment) way. 

•  

• Strategic placement of carbon-intensive streams in non-injected uses to protect CI score. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

Asked what they would do differently if starting over in the Netherlands, the interviewee 

reflected on historical decisions. In a new project, CHP units would likely be excluded, as they 

are becoming outdated in light of modern sustainability and efficiency goals. From the other 

hand “the heat balance” should be respected in the light of heat control in bio-digester and 

digestate drying. The overall system design would not change drastically, as it already includes 

biomethane injection, valorisation of digestate, and future options for liquefaction of the bio-

CNG and CO2 capture. The primary lesson is to build in maximum flexibility, allowing the 

organization to respond to changing policy, market signals, and technical requirements. Long-
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term, the strategy is to phase out less efficient uses like CHP applications and focus on 

biomethane and carbon valorisation, while maintaining operational agility in a volatile 

regulatory environment. 
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Interview summary of interviewee 13 

 

Feedstock that the biomethane producer 

uses 

• Manure 

• Food waste 

• Feed waste 

• Drink waste 

• Husks 

• Crude Glycerine 

Production capacity 13.000.000 M3 

Role interviewee in organization Co-owner 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The facility operates a co-digestion system with roughly 50% manure and 50% co-products, 

using manure from its own livestock business and organic residues from the food processing 

sector. These co-streams are partly sourced through an affiliated daughter company and are 

supplemented by additional externally purchased inputs. The entire feedstock mix is pre-

processed into a homogenous, pumpable slurry, designed to enhance gas yield and maintain 

biological stability. The digestion process feeds a combined heat and power (CHP) unit and an 

upgrading line for green gas production. CHP is retained to ensure thermal and electricity needs 

on-site, particularly due to limitations on grid connections for both gas and electricity. The 

upgrading system does not yet include CO2 capture, although the company holds a permit and 

may install it later when economically viable. Overall, the installation is built with scalable 

capacity, though the company is constrained by grid access and permit processing times. They 

face periodic challenges in feedstock continuity due to seasonal availability, price fluctuations, 

and competition from adjacent sectors with more generous subsidies. Digestate is managed 

efficiently and exported, with no major regulatory burdens. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 

• Grid access for electricity and gas is the biggest infrastructure barrier. 

• Feedstock continuity and quality, particularly under seasonal or market stress. 
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• Maintaining biological process stability and efficient throughput. 

 

“How do you experience the economic side of biomethane production?” 

The economic model is based on flexibility and resilience. While the company previously 

operated subsidy-free, it has recently opted into the SDE++ scheme due to falling certificate 

prices. This decision provides a buffer while awaiting clearer developments around the blending 

obligation, which is expected to stabilize pricing and unlock additional value for green gas. Gas 

is sold via contracts with day-ahead pricing. Certificates are sold separately, through a trading 

intermediary. Historically, carbon intensity (CI) scores played a significant role in pricing, but 

their influence has since diminished. The company continues to optimize CI where possible, 

but notes diminishing returns on further improvements, and uses standard values for reliability 

and compliance. Cost management is central. Feedstocks are evaluated based on gas yield per 

ton, and the company actively maintains detailed revenue-per-tonne calculations to guide 

sourcing decisions. Energy costs vary depending on whether electricity is purchased or 

generated in-house. Constraints on grid injection (gas and electricity) and contractual electricity 

limits pose significant barriers to further scaling. Although the production installation has 

sufficient capacity, infrastructure upgrades are required before higher output can be achieved. 

Stability in policy instruments like the SDE is also cited as essential for long-term investment 

planning. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• A stable, predictable SDE framework to support scaling decisions. 

• Revenue optimization through a balance of contract sales and spot exposure. 

• Flexibility to respond to market shifts in feedstock and certificate value. 

 

“What role does the environment play in your approach to biomethane production?” 

Environmental compliance and certification are taken seriously. The operation is ISCC EU 

certified as a collecting point, biogas plant, and biomethane plant, processing waste streams 

such as manure, food waste, drink waste, husks, and crude glycerine. The company maintains 

CI scores that already meet subsidy eligibility thresholds and has demonstrated the ability to 

perform better than standard values. While technically capable of improving scores further (e.g. 

via electric vehicles or CO2 capture), such measures are currently held back by cost-benefit 
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constraints. The company is clear: environmental upgrades will only be pursued if they yield 

measurable economic return. The complexity and inconsistency of certification systems is a 

growing concern. Regulatory interpretations differ between countries and even among 

authorities within the same country, making mass balance and documentation compliance a 

significant administrative burden. The transition of administrative platforms adds further 

uncertainty, limiting the company’s capacity to act pre-emptively. The company views digestate 

management, methane leakage control, and CI optimization as largely under control, but would 

appreciate policy mechanisms that reward avoided emissions and environmental contribution 

more directly, particularly in permitting processes. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Certification compliance, especially ISCC EU and EU RED II. 

• CI score maintenance above subsidy thresholds; further improvement only if rewarded. 

• Regulatory coherence across borders and systems to reduce administrative risk. 

• Permit processes that acknowledge environmental performance gains (e.g. CO2 

reduction). 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

If starting over, the interviewee would have invested earlier in larger connection capacities for 

both electricity and gas. While the production unit was already built to allow for higher output, 

the utility connections now limit how much gas and electricity can actually be processed or 

exported. The complexity and cost of retrofitting these capacities post hoc is now a major 

constraint. The core installation would not be significantly altered, as it is already designed for 

scalability, efficiency, and flexible feedstock use. However, the company would reconsider 

energy contracting strategy, and push sooner for higher permitted capacities in both utility 

domains to avoid the bottlenecks they now face. Looking ahead, the interviewee sees 

opportunity in the upcoming blending obligation, but emphasizes that reliable policy 

instruments and infrastructure readiness must come together to enable further growth in 

biomethane production. 
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Interview summary of interviewee 14 

 

Feedstock that the biomethane producer 

uses 

• Brown grease/ grease trap fat 

• Organix waste and similar waste flows 

from trade services and companies 

• Sewage sludge 

• Whey permeate 

• Food waste 

Production capacity 3.000.000 M3 

Role interviewee in organization Senior project leader 

 

Summary per research question 

 

“What does the biomethane production process look like in your organization?” 

The facility processes only liquid organic waste streams, with approximately 24 to 30 different 

types of feedstocks received and stored in four buffer tanks. These include brown grease, 

sewage sludge, whey permeate, and organic waste from the food service industry, all compliant 

under ISCC EU certification. The waste streams are continuously fed into two digesters of 800 

m3 each, where biogas is produced and subsequently upgraded to biomethane via membrane 

separation. The upgraded gas is directly injected into the national gas grid. There is no pre-

treatment of incoming waste. The digestate is transported to an external processing facility (co-

owned by the operator) where it is thickened, dried, and incinerated. Although CHP units are 

still physically present, they are no longer used under the current permit, except during 

upgrading interruptions or temporary gas overproduction, when flaring is avoided. The plant 

has a sufficient electricity connection and does not generate its own power. Gas and certificate 

sales are handled separately; green gas is sold to a Dutch buyer, while certificates were sold to 

an English buyer for the best available annual rate. The current limiting factor in output is the 

capacity of the gas upgrading unit. Plans are in place to expand the installation with a second 

upgrader, effectively doubling capacity to ~1,000 m3/h biogas throughput, with associated 

feedstock and digestate volumes scaled accordingly. 

 

“Which operational criteria (goals) do you think are most important in the decision to scale up 

biomethane production?” 
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• Upgrading capacity is the primary bottleneck; expansion requires permit and hardware 

investment. 

• Digestate management must remain cost-effective and avoid agricultural application. 

• Selection of input streams is optimized for low digestate yield and high gate fees. 

• Need for flexible infrastructure to process a broader range of feedstocks (e.g., solid 

waste). 

 

“How do you experience the economic side of biomethane production?” 

The financial model is SDE++-supported under the “allesvergisting” category. However, 

certain promising waste streams, especially specific industrial sludges (e.g. NTA 410), are 

excluded from subsidy eligibility, making them economically unviable despite high gate fees. 

Revenue is derived both from biomethane and green certificates, sold separately to optimize 

pricing. While this strategy has provided flexibility, the interviewee noted the lack of 

transparency in certificate markets, describing pricing as “what the market will bear” rather 

than based on clear benchmarks. There is no direct CI-linked premium in current contracts, but 

the Dutch blending obligation may change this in the future. Market volatility and regulatory 

unpredictability are seen as core challenges. For instance, recent government discussions about 

retroactively including certificate value in SDE subsidy calculations could create budget gaps 

mid-year, damaging investment confidence. Another cost concern is electricity: the facility no 

longer generates its own power and is thus vulnerable to market fluctuations. Partial hedging is 

done, but not all consumption is fixed in advance. This makes long-term planning complex, 

especially under inconsistent policy frameworks and evolving subsidy conditions. 

 

“What economic criteria (goals) play the biggest role in your decisions on long-term investment 

or production planning; with the aim of producing more biomethane?” 

• Return on investment is the core requirement; long-term financial predictability is 

crucial. 

• Subsidy eligibility shapes feedstock sourcing decisions. 

• Certificate and gas sales must be market-optimized, despite poor price transparency. 

• Cost exposure to electricity markets adds volatility. 

 

“What role does the environment play in your approach to biomethane production?” 
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Environmental performance is framed primarily in terms of compliance. The plant is ISCC EU 

certified for several waste-based feedstocks, and operations are conducted within the 

boundaries of a local environmental permit that governs odor, sound, nitrogen, and water 

emissions. The company prioritizes alignment with the National Waste Management Plan and 

ensures waste is properly handled without causing downstream environmental harm. A 

distinguishing feature of the operation is that no residuals are applied to land. All digestate is 

incinerated, which appeals to clients concerned about the potential long-term risks of 

agricultural application. Although this limits opportunities for nutrient recovery, it also reduces 

the company's exposure to regulatory backlash around soil quality and PFAS concerns. While 

CI scores are monitored for compliance, they are not actively optimized, as exceeding 

thresholds offers no current financial benefit. Internally, environmental performance plays a 

role in the wider organization, where being rated on the CO₂ performance ladder helps in public 

tendering by an affiliated construction firm. The biggest environmental hurdle is regulatory 

complexity. Permitting processes are slow, with requirements for odor, nitrogen, water 

discharge, and waste stream classification that can take years to resolve. Additionally, 

administrative burdens, such as triple reporting to ISCC, RVO, and fertilizer registries, are cited 

as costly and duplicative. 

 

“Which environmental criteria (targets) are decisive in terms of producing more biomethane?” 

• Legal compliance is the top priority: permits, emission thresholds, and waste handling 

regulations. 

• Certification (ISCC, RED II) is essential for market access, but not a direct revenue 

driver yet. 

• Bureaucracy and permit delays hinder innovation and scalability. 

 

“Suppose you were allowed to start your biomethane project all over again tomorrow, what 

would you do differently, and why?” 

If the interviewee were to start over, they would make several strategic changes. First, they 

would better align energy sales and electricity purchases to reduce financial risk. They would 

also apply for a broader permit from the outset, allowing more flexibility in feedstock types and 

future expansion without bureaucratic delays. Operationally, they would design the installation 

to handle both liquid and solid waste streams, increasing versatility. The location would be 

chosen closer to industrial zones to reduce logistics costs and improve feedstock access. Lastly, 
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they would build the plant at larger scale from the beginning to benefit from economies of scale 

and improve profitability.  

Appendix VI. MCDA criteria analysis 

Operational criteria analysis 

 

  Criteria Status Included under Argument 

1 Increasing daily biomethane 

yield by small, consistent 

percentages. 

Included Stable and scalable 

process performance 

  

2 Maintaining digester stability 

and preventing acidification. 

Included Stable and scalable 

process performance 

  

3 Responsible processing and 

disposal of digestate and 

wastewater. 

Included Efficient and cost-

effective digestate 

and byproduct 

management 

  

4 Systematically identifying and 

removing production 

bottlenecks. 

Included Stable and scalable 

process performance 

  

5 Expanding digestion capacity 

within existing permits and 

infrastructure. 

Included Infrastructure and 

permit readiness for 

expansion 

  

6 Maximizing the energy yield 

per cubic meter of biogas. 

Included Stable and scalable 

process performance 

  

7 Minimizing the carbon 

intensity through: Local 

sourcing of low-grade 

feedstock. Internal electricity 

production via CHP. Methane 

leak minimization. 

Excluded N/A Focuses more on 

environmental 

part and is more of 

an leverage point. 

8 Local sourcing of low-grade 

feedstock. 

Included Feedstock security   
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9 Internal electricity production 

via CHP. 

Excluded N/A Is more of an 

leverage point. 

10 Methane leak minimization. Excluded N/A Is more of an 

leverage point. 

11 Process stability and 

avoidance of unnecessary 

complexity. 

Included Stable and scalable 

process performance 

  

12 Proper size of permit for 

processing feedstock. 

Included Feedstock security & 

Infrastructure and 

permit readiness for 

expansion 

  

13 Enough electricity availability 

to stop the CHP and produce 

more biomethane for grid 

injection. 

Included Stable and scalable 

process performance 

  

14 Increasing feedstock 

throughput: permission to 

process more manure. 

Included Feedstock security   

15 Upgrading the installation to 

include hygienisation and 

digestate refinement (e.g. to 

Renure). 

Included Efficient and cost-

effective digestate 

and byproduct 

management 

  

16 Avoiding methane leakage 

(currently well-monitored). 

Excluded N/A Is more of an 

leverage point. 

17 Integrating new technology 

only when legally permitted 

and economically viable. 

Included Infrastructure and 

permit readiness for 

expansion 

  

18 Ensuring the existing 

installation operates to design 

capacity before initiating 

expansion. 

Included Stable and scalable 

process performance 
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19 Securing all permitting, 

electricity, and gas grid access 

for expansion readiness. 

Included Infrastructure and 

permit readiness for 

expansion 

  

20 Integrating additional 

digesters and buffer capacity 

while navigating grid 

congestion. 

Included Infrastructure and 

permit readiness for 

expansion 

  

21 Continuity and reliability of 

the digestion process, as 

disruptions cascade into 

sewage treatment operations. 

Included Stable and scalable 

process performance 

  

22 Sludge reduction performance 

and gas output per volume of 

input sludge. 

Included Efficient and cost-

effective digestate 

and byproduct 

management 

  

23 System integration with 

existing water purification 

infrastructure (impact on 

ammonium/phosphate loads). 

Included Infrastructure and 

permit readiness for 

expansion 

  

24 Operational feasibility of 

centralized digestion across 

water board locations. 

Excluded N/A Is more of an 

leverage point. 

25 Public/ societal value and 

contribution to local energy 

transition. 

Excluded N/A Is more of an 

leverage point. 

26 Technical feasibility given 

grid constraints and heat 

supply. 

Included Stable and scalable 

process performance 

  

27 Avoidance of excessive 

operational complexity or 

maintenance burden. 

Included Stable and scalable 

process performance 
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28 Scalability through 

centralization and thermal 

efficiency. 

Included Infrastructure and 

permit readiness for 

expansion 

  

29 Feedstock certainty (volume 

and certification stability). 

Included Feedstock security   

30 Technological reliability and 

business continuity, 

particularly for older 

equipment. 

Included Stable and scalable 

process performance 

  

31 Operational gains via minor 

upgrades (e.g., gas polishing, 

nitrogen injection). 

Excluded N/A Is more of an 

leverage point. 

32 Flexibility in feedstock 

treatment to buffer against 

volatile supply chains. 

Included Feedstock security   

33 Logistical capacity for 

feedstock intake and digestate 

removal is the primary 

constraint. 

Included Feedstock security   

34 Location suitability: proximity 

to industrial zones, 

road/water/supply 

infrastructure is essential. 

Included Infrastructure and 

permit readiness for 

expansion 

  

35 Avoiding neighbourhood 

nuisance (odor, transport 

volume) is critical. 

Included Stable and scalable 

process performance 

  

36 Strategic scaling through 

modular growth, not instant 

max capacity. 

Included Infrastructure and 

permit readiness for 

expansion 

  

37 Maintaining a technically 

stable feedstock mix, 

optimized for yield and 

certification. 

Included Stable and scalable 

process performance 
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38 Minimizing downtime through 

redundant equipment (e.g. 

backup pumps). 

Included Stable and scalable 

process performance 

  

39 Managing digestate nutrient 

levels to reduce disposal costs. 

Included Efficient and cost-

effective digestate 

and byproduct 

management 

  

40 Applying AI tools for 

feedstock and process 

optimization. 

Included Stable and scalable 

process performance 

  

41 Permit capacity and regulatory 

flexibility. 

Included Infrastructure and 

permit readiness for 

expansion 

  

42 Grid connection availability to 

avoid reliance on CHPs. 

Included Infrastructure and 

permit readiness for 

expansion 

  

43 Stable access to feedstock (co-

products) to enable reliable 

production. 

Included Feedstock security   

44 Availability of qualified 

personnel to manage 

operations around the clock. 

Included Stable and scalable 

process performance 

  

45 Flexibility between subsidized 

and unsubsidized production 

based on market signals. 

Excluded N/A Focuses more on 

economic part, 

included in: 

Building a 

profitable, risk-

resilient business 

case (with or 

without subsidies) 

46 Feedstock cost management as 

a key profitability driver. 

Included Feedstock security   
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47 Gas and certificate market 

dynamics, particularly in light 

of the blending obligation. 

Excluded N/A Focuses more on 

economic part, 

included in: 

Revenue 

predictability via 

strategic 

contracting and 

market 

diversification 

48 Freedom to retain or reinvest 

earnings without pressure 

from investors. 

Excluded N/A Focuses more on 

economic part, 

included in: 

Building a 

profitable, risk-

resilient business 

case (with or 

without subsidies) 

49 Feedstock availability and 

quality, sufficient, clean, and 

locally sourced. 

Included Feedstock security   

50 Capacity to run at economical 

full load without subsidy 

reliance. 

Included Infrastructure and 

permit readiness for 

expansion 

  

51 Digestate integration into 

internal composting to avoid 

disposal costs. 

Included Efficient and cost-

effective digestate 

and byproduct 

management 

  

52 Day-to-day optimization 

through process monitoring 

and team oversight. 

Included Stable and scalable 

process performance 

  

53 Technical flexibility to redirect 

streams toward CHP or 

upgrading. 

Included Stable and scalable 

process performance 

& Infrastructure and 
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permit readiness for 

expansion 

54 In-house feedstock logistics 

and pre-treatment, enabling 

cost-effective control. 

Included Feedstock security   

55 Certainty in permitting and 

ability to adapt to new 

regulatory requirements (e.g., 

CO₂ capture). 

Included Infrastructure and 

permit readiness for 

expansion 

  

56 Minimization of 

administrative errors in mass 

balance and certification 

tracking. 

Included Stable and scalable 

process performance 

  

57 Grid access for electricity and 

gas is the biggest 

infrastructure barrier. 

Included Infrastructure and 

permit readiness for 

expansion 

  

58 Feedstock continuity and 

quality, particularly under 

seasonal or market stress. 

Included Feedstock security   

59 Maintaining biological 

process stability and efficient 

throughput. 

Included Stable and scalable 

process performance 

  

60 Upgrading capacity is the 

primary bottleneck; expansion 

requires permit and hardware 

investment. 

Included Infrastructure and 

permit readiness for 

expansion 

  

61 Digestate management must 

remain cost-effective and 

avoid agricultural application. 

Included Efficient and cost-

effective digestate 

and byproduct 

management 

  

62 Selection of input streams is 

optimized for low digestate 

yield and high gate fees. 

Included Feedstock security   
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63 Need for flexible 

infrastructure to process a 

broader range of feedstocks 

(e.g., solid waste). 

Included Infrastructure and 

permit readiness for 

expansion 

  

 

Economic criteria analysis 

 

  Criteria Status Included under Argument 

1 Anticipated increase in green 

gas demand due to the 

national blending obligation. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

2 Long-term availability and 

diversity of biomass streams, 

especially as certain 

feedstocks (e.g. from the feed 

sector) diminish and others 

(e.g. from food processing) 

become more viable. 

Excluded N/A Focuses more 

on operational 

part, included 

in: Feedstock 

security 

3 Ensuring secure, certified 

feedstock flows to maintain 

profitability through green 

certificate premiums. 

Excluded N/A   

4 Building a profitable, 

subsidy-independent 

business case, particularly 

attractive to a risk-averse 

corporate environment. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

5 Demonstrating long-term 

revenue security and return 

on investment to secure 

internal approval. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 
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6 A strong, realistic business 

case that works even without 

policy incentives. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

7 Prospects for product 

diversification (e.g. 

liquefaction of biomethane). 

Excluded N/A Excluded 

because not a 

real criteria an 

hints on 

converging 

the 

biomethane 

product to a 

new sort of 

end product 

8 Long-term policy certainty 

(e.g. consistency around the 

blending obligation). 

Included Policy certainty and 

implementation of the 

blending obligation 

  

9 Avoiding exposure to 

biomass competition and 

electricity network 

limitations. 

Excluded N/A Focuses more 

on operational 

part, included 

in: Feedstock 

security & 

Infrastructure 

and permit 

readiness for 

expansion 

10 Introduction and 

operationalization of the 

blending obligation. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

11 Development and acceptance 

of Renure as an approved 

fertiliser. 

Excluded N/A Focuses more 

on operational 

part, included 

in: Efficient 
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and cost-

effective 

digestate and 

byproduct 

management 

12 Shorter offtake contract 

durations (preferably max. 3 

years). 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

13 Minimizing dependence on 

unpredictable long-term 

energy contracts and brokers. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

14 Managing exposure to 

volatile gas prices without 

hedging. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

15 Relying on contractual CI 

performance for financial 

returns. 

Excluded N/A Focuses more 

on 

environmental 

part, included 

in: Financially 

incentivizing 

CI 

optimization 

16 Deciding on expansion 

timing based on 

macroeconomic conditions 

and internal plant 

performance. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

17 Cost-sharing arrangements 

with public-sector off-takers 

Included Building a profitable, 

risk-resilient business 
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that maintain revenue 

predictability. 

case (with or without 

subsidies) 

18 Power availability and net 

congestion, limiting 

expansion and gas upgrading 

potential. 

Excluded N/A Focuses more 

on operational 

part, included 

in: 

Infrastructure 

and permit 

readiness for 

expansion 

19 Contract security (e.g., 

continuation of offtake with 

the corporate consumer 

beverages company post-

2028). 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

20 Internal alignment with 

strategic plans, allowing long 

investment horizons without 

immediate returns. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

21 Adequate SDE++ support, 

especially for smaller-scale 

projects. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

22 Ability to maintain financial 

viability within the economic 

lifespan. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

23 Trustworthy access to the 

green gas certificate market, 

despite its opacity. 

Excluded N/A Not an 

objective 

criteria 

24 Flexibility in procurement, 

given the limited vendor 

base. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 
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25 SDE++ subsidy as a financial 

backstop, even when not 

actively used. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

26 Return potential from green 

value and gas pricing, 

especially under the 

upcoming blending 

obligation. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

27 Investment decisions based 

on risk mitigation (e.g., 

feedstock volatility, gas 

market uncertainty). 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

28 Clear internal accounting 

between business units to 

encourage data-driven 

investments. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

29 Regulatory developments 

like the blending obligation 

and IMO maritime 

decarbonization targets could 

unlock new markets. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

30 Feedstock availability and 

weather resilience affect 

input and output cost 

structures. 

Excluded N/A Focuses more 

on operational 

part, included 

in: Feedstock 

security 

31 Market diversification to 

hedge price and demand 

volatility. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

32 Question of value 

distribution: Will increased 

Excluded N/A Not an 

objective 

criteria 



124 

 

 

market value benefit the 

producer or intermediaries? 

33 Managing CI score 

thresholds under contract 

(reward/penalty per 

deviation). 

Excluded N/A Focuses more 

on 

environmental 

part, included 

in: Financially 

incentivizing 

CI 

optimization 

34 Investing in bottleneck 

removal and production 

continuity. 

Excluded N/A Focuses more 

on operational 

part, included 

in: Stable and 

scalable 

process 

performance 

35 Preparing for higher returns 

under the blending 

obligation. 

Excluded N/A Not an 

objective 

criteria 

36 Flexibility between 

subsidized and unsubsidized 

production based on market 

signals. 

Included     

37 Feedstock cost management 

as a key profitability driver. 

Excluded N/A Focuses more 

on operational 

part, included 

in: Feedstock 

security 

38 Gas and certificate market 

dynamics, particularly in 

light of the blending 

obligation. 

Included Policy certainty and 

implementation of the 

blending obligation 
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39 Freedom to retain or reinvest 

earnings without pressure 

from investors. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

40 Regulatory stability and 

subsidy availability (e.g., 

SDE++). 

Included Policy certainty and 

implementation of the 

blending obligation 

  

41 Long-term offtake security, 

especially for certificate 

value. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

42 Ability to sell gas to both 

municipal and commercial 

markets. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

43 Risk-adjusted ROI 

expectations, especially amid 

policy uncertainty. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

44 IRR (Internal Rate of Return) 

as the primary investment 

decision criterion. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

45 Ability to hedge market 

volatility through a mix of 

contracts and spot sales. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

46 Utilization of subsidies 

(SDE++) where applicable, 

with ETS as a backup. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 
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47 Navigating policy-driven 

markets like the blending 

obligation and Fuel EU 

Maritime. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

48 A stable, predictable SDE 

framework to support scaling 

decisions. 

Included Policy certainty and 

implementation of the 

blending obligation 

  

49 Revenue optimization 

through a balance of contract 

sales and spot exposure. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

50 Flexibility to respond to 

market shifts in feedstock 

and certificate value. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

51 Return on investment is the 

core requirement; long-term 

financial predictability is 

crucial. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

52 Subsidy eligibility shapes 

feedstock sourcing decisions. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 

  

53 Certificate and gas sales must 

be market-optimized, despite 

poor price transparency. 

Included Revenue predictability 

via strategic contracting 

and market 

diversification 

  

54 Cost exposure to electricity 

markets adds volatility. 

Included Building a profitable, 

risk-resilient business 

case (with or without 

subsidies) 
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Environmental criteria analysis 

 

  Criteria Status Included under Argument 

1 Clear implementation of the 

blending obligation, including 

its targets, penalties, and 

timeline. 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

2 Formal recognition of green 

gas as a product, not just an 

energy carrier, within the 

circular materials policy. 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

3 Reducing the carbon intensity 

(CI) of the product, especially 

by lowering emissions from 

transport (ETD). 

Included Financially 

incentivizing CI 

optimization 

  

4 Achieving higher CO₂ 

reduction thresholds that are 

rewarded in the market, 

incentivizing emission 

reductions. 

Included Financially 

incentivizing CI 

optimization 

  

5 Keeping the carbon intensity 

score as low as possible 

through process design. 

Included Financially 

incentivizing CI 

optimization 

  

6 Ensuring all input materials 

are certified sustainable. 

Included RED EU compliance   

7 Advocating for fair regulatory 

treatment of digestate from 

waste digestion. 

Included Financially 

incentivizing CI 

optimization 

Focuses more 

on 

operational 

part, included 

in: Efficient 

and cost-

effective 

digestate and 
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byproduct 

management 

8 Avoiding emissions trade-offs 

by minimizing transport and 

using carbon capture. 

Included Financially 

incentivizing CI 

optimization 

  

9 Minimizing transport 

distances of manure and 

digestate. 

Included Financially 

incentivizing CI 

optimization 

And partially 

included in: 

Efficient and 

cost-effective 

digestate and 

byproduct 

management 

10 Improving energy efficiency 

and lowering electricity costs 

(e.g. via solar and batteries). 

Excluded N/A Is more of an 

leverage 

point. 

11 Potentially improving CI 

scores if rewarded, especially 

under the new certification 

and blending frameworks. 

Included Financially 

incentivizing CI 

optimization 

  

12 Maintaining a highly negative 

CI score as specified in offtake 

contract. 

Included Financially 

incentivizing CI 

optimization 

  

13 Sourcing feedstock within a 

local radius to limit transport 

emissions. 

Included Financially 

incentivizing CI 

optimization 

  

14 Potential future adoption of 

carbon capture, contingent on 

grid access and energy 

availability. 

Included Financially 

incentivizing CI 

optimization 

  

15 CO2 footprint reduction 

through sludge minimization 

and fossil fuel displacement. 

Included Financially 

incentivizing CI 

optimization 
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16 Potential for CO2 recovery as 

part of an expansion decision 

(currently under study). 

Excluded N/A Is more of an 

leverage 

point. 

17 Limited transport emissions 

due to co-location of waste 

sources and digestion. 

Included Financially 

incentivizing CI 

optimization 

  

18 Contribution to the water 

board’s climate neutrality 

roadmap. 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

19 Methane leak prevention to 

improve CI scores and meet 

internal climate targets. 

Excluded N/A Is more of an 

leverage 

point. 

20 Internal valuation of CO2 

reduction at €140 per ton, used 

to support investment logic. 

Excluded N/A Is more of an 

leverage 

point. 

21 Avoidance of unnecessary 

electricity use in marginal 

yield-enhancing technologies. 

Excluded N/A Is more of an 

leverage 

point. 

22 Compliance with ISCC EU 

and EU RED II, with 

preference for standard values. 

Included RED EU compliance   

23 Stability and clarity in 

certification expectations. 

Included RED EU compliance   

24 Environmental diligence to 

reduce unreported risks (e.g., 

refrigerants, leakages). 

Excluded N/A Is more of an 

leverage 

point. 

25 Proactive CO2 capture and 

valorisation, contributing to a 

low carbon intensity profile. 

Included Financially 

incentivizing CI 

optimization 

  

26 Movement toward a CO2-

steered market where 

Included Financially 

incentivizing CI 

optimization 
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emissions reductions are 

rewarded per gram. 

27 Transport and input stream 

optimization for lower CI 

scores, but only when it 

translates to real revenue. 

Included Financially 

incentivizing CI 

optimization 

  

28 Certification systems (e.g. 

ISCC EU) are essential, yet 

often overly formalistic. 

Included RED EU compliance   

29 CI score management through: 

Feedstock sourcing (shorter 

transport, low-emission 

modes). Internal electricity 

production (avoiding non 

favourable fossil mix). 

Methane leakage detection 

and repair. 

Excluded N/A Is more of an 

leverage 

point. 

30 CO2 liquefaction and reuse as 

a future priority (licensed but 

not yet installed). 

Excluded N/A Is more of an 

leverage 

point. 

31 Contribution to manure 

management and emission 

reduction in agriculture. 

Excluded N/A Focuses more 

on 

operational 

part, included 

in: Efficient 

and cost-

effective 

digestate and 

byproduct 

management 

32 Digestate valorisation through 

low-cost, cross-border 

logistics. 

Excluded N/A Focuses more 

on 

operational 
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part, included 

in: Efficient 

and cost-

effective 

digestate and 

byproduct 

management 

33 Potential for CO2 capture, 

pending permitting and market 

maturity. 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

34 Alignment with circular 

farming goals, especially 

within integrated agricultural 

models. 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

35 Use of certified, traceable 

waste streams (ISCC/NTA). 

Included RED EU compliance   

36 Minimization of transport-

related CO2 emissions. 

Included Financially 

incentivizing CI 

optimization 

  

37 Desire to implement carbon 

capture where financially 

feasible. 

Included Financially 

incentivizing CI 

optimization 

  

38 Alignment with public 

sustainability objectives (e.g., 

circular economy, local 

digestion). 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

39 Compliance with CI 

thresholds (minimum 

standards), potential for 

optimization when rewarded. 

Included RED EU compliance   
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40 Sustainability certification of 

feedstocks, especially when 

sourced via intermediaries. 

Included RED EU compliance   

41 Use of digestate to expand 

allowable input range and 

avoid penalties. 

Excluded N/A Focuses more 

on 

operational 

part, included 

in: Efficient 

and cost-

effective 

digestate and 

byproduct 

management 

42 Strategic placement of carbon-

intensive streams in non-

injected uses to protect CI 

score. 

Excluded N/A Is more of an 

strategic 

intervention. 

43 Certification compliance, 

especially ISCC EU and EU 

RED II. 

Included RED EU compliance   

44 CI score maintenance above 

subsidy thresholds; further 

improvement only if 

rewarded. 

Included Financially 

incentivizing CI 

optimization 

  

45 Regulatory coherence across 

borders and systems to reduce 

administrative risk. 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

46 Permit processes that 

acknowledge environmental 

performance gains (e.g. CO2 

reduction). 

Included Financially 

incentivizing CI 

optimization 
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47 Legal compliance is the top 

priority: permits, emission 

thresholds, and waste handling 

regulations. 

Included RED EU compliance   

48 Certification (ISCC, RED II) 

is essential for market access, 

but not a direct revenue driver 

yet. 

Included RED EU compliance   

49 Bureaucracy and permit 

delays hinder innovation and 

scalability. 

Included Regulatory and policy 

alignment with Dutch 

environmental 

objectives 

  

 

  



 

 

Appendix VII. Causal Loop Diagram theoretical framework 

CLD - Theoretical 

Framework.mdl    

BLUE = OPERATIONAL BLACK = ECONOMIC GREEN = ENVIRONMENTAL 
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Appendix VIII. Stock and Flow Diagram  

SFD - Empirical 

Research.mdl  

BLUE = OPERATIONAL BLACK = ECONOMIC GREEN = ENVIRONMENTAL 
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Appendix IX. Stock and Flow Diagram with intervention strategies 

SFD - MCDA.mdl

 

BLUE = OPERATIONAL BLACK = ECONOMIC GREEN = ENVIRONMENTAL PINK = INTERVENTION STRATEGIES 
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Appendix X. MCDA results average 

Appendix XI. MCDA results standard deviations  

 

Main objective Theme Criteria / Options

(1) Establishing on-site 

flexibility in: energy use, 

digester menu, digestate 

management, feedstock 

pre-treatment & storage

(2) Local integration 

regarding: feedstock 

supply, electricity use, 

permit acquisition, 

digestate streams

(3) Establashing economies 

of scale through modular 

expansion

(4) Business to consumer 

offset while maintaining a 

diversified offset portfolio

(5) CI reduction practices 

through CO2 capture and 

valorization, methane 

leakage detection, local 

sourcing

(6) Clarity on certification 

schemes and intercountry 

homogenity of 

environmental rules

1. Stable and scalable process performance 3,64 3,50 3,21 2,29 3,21 3,21

2. Feedstock security 3,86 2,93 3,07 1,86 2,64 3,71

3. Infrastructure and permit readiness for expansion 3,93 3,36 3,93 1,93 2,36 3,07

4. Efficient and cost-effective digestate and byproduct management 4,00 3,36 3,07 1,93 2,00 3,21

5. Policy certainty and implementation of the blending obligation 3,29 3,00 3,00 3,00 3,43 4,29

6. Revenue predictability via strategic contracting and market diversification 3,43 2,57 3,07 3,14 3,00 4,29

7. Building a profitable, risk-resilient business case (with or without subsidies) 4,21 3,64 3,64 3,50 3,79 4,43

8. Regulatory and policy alignment with Dutch environmental objectives 2,79 3,21 2,93 2,86 3,93 4,36

9. Financially incentivizing CI optimization 3,79 3,29 3,43 2,71 4,71 3,71

10. RED EU compliance 3,86 3,00 2,57 2,50 4,07 4,50

Average per Leverage Point 3,68 3,186 3,193 2,57 3,31 3,88

Value Description

1 No or very low relevance: This strategy has little to no impact on achieving increased biomethane production under this criterion.

2 Low relevance: The strategy contributes to this criterion to a limited extent but is not decisive.

3 Moderate relevance: The strategy is useful and contributes, but it is not essential or only applicable in certain cases.

4 High relevance: The strategy has a clear positive impact on this criterion and is strongly recommended.

5 Critical precondition: This strategy is crucial for achieving this criterion and should be prioritized.

Producing more biomethane 

in the Netherlands

Operational

Economical

Environmental

Main objective Theme Criteria / Options

(1) Establishing on-site 

flexibility in: energy use, 

digester menu, digestate 

management, feedstock 

pre-treatment & storage

(2) Local integration 

regarding: feedstock 

supply, electricity use, 

permit acquisition, 

digestate streams

(3) Establashing economies 

of scale through modular 

expansion

(4) Business to consumer 

offset while maintaining a 

diversified offset portfolio

(5) CI reduction practices 

through CO2 capture and 

valorization, methane 

leakage detection, local 

sourcing

(6) Clarity on certification 

schemes and intercountry 

homogenity of 

environmental rules

1. Stable and scalable process performance 0,811 1,452 1,145 1,097 1,264 1,520

2. Feedstock security 0,990 1,100 1,334 0,915 1,288 1,436

3. Infrastructure and permit readiness for expansion 1,223 1,231 1,100 1,033 1,342 1,437

4. Efficient and cost-effective digestate and byproduct management 1,000 0,972 1,100 1,100 0,926 1,264

5. Policy certainty and implementation of the blending obligation 1,385 1,000 1,195 1,000 1,498 0,881

6. Revenue predictability via strategic contracting and market diversification 1,237 1,294 1,100 1,187 1,069 0,700

7. Building a profitable, risk-resilient business case (with or without subsidies) 0,860 1,172 1,109 1,118 1,081 0,623

8. Regulatory and policy alignment with Dutch environmental objectives 1,264 1,423 1,334 1,059 1,100 1,042

9. Financially incentivizing CI optimization 1,081 1,030 1,050 1,097 0,452 1,030

10. RED EU compliance 0,833 1,254 1,237 1,052 0,799 0,627

Average standarddeviation per Strategic Intervention 1,07 1,193 1,170 1,07 1,08 1,06

Producing more biomethane 

in the Netherlands

Operational

Economical

Environmental
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Appendix XII. MCDA results range 

 

Appendix XIII. MCDA results overall average after adjustments 

 

Main objective Theme Criteria / Options

(1) Establishing on-site 

flexibility in: energy use, 

digester menu, digestate 

management, feedstock 

pre-treatment & storage

(2) Local integration 

regarding: feedstock 

supply, electricity use, 

permit acquisition, 

digestate streams

(3) Establashing economies 

of scale through modular 

expansion

(4) Business to consumer 

offset while maintaining a 

diversified offset portfolio

(5) CI reduction practices 

through CO2 capture and 

valorization, methane 

leakage detection, local 

sourcing

(6) Clarity on certification 

schemes and intercountry 

homogenity of 

environmental rules

1. Stable and scalable process performance 2-5 1-5 1-5 1-4 1-5 1-5

2. Feedstock security 2-5 1-5 1-5 1-4 1-5 1-5

3. Infrastructure and permit readiness for expansion 1-5 1-5 1-5 1-4 1-4 1-5

4. Efficient and cost-effective digestate and byproduct management 2-5 2-5 1-5 1-4 1-4 1-5

5. Policy certainty and implementation of the blending obligation 1-5 1-5 1-5 1-5 1-5 2-5

6. Revenue predictability via strategic contracting and market diversification 1-5 1-5 1-5 1-5 1-4 3-5

7. Building a profitable, risk-resilient business case (with or without subsidies) 2-5 2-5 1-5 1-5 1-5 3-5

8. Regulatory and policy alignment with Dutch environmental objectives 1-4 1-5 1-5 1-5 1-5 1-5

9. Financially incentivizing CI optimization 2-5 2-5 1-5 1-5 4-5 1-5

10. RED EU compliance 3-5 1-5 1-5 1-4 3-5 3-5

Producing more biomethane 

in the Netherlands

Operational

Economical

Environmental

Main objective Theme Criteria / Options

(1) Establishing on-site 

flexibility in: energy use, 

digester menu, digestate 

management, feedstock 

pre-treatment & storage

(2) Local integration 

regarding: feedstock 

supply, electricity use, 

permit acquisition, 

digestate streams

(3) Establashing economies 

of scale through modular 

expansion

(4) Business to consumer 

offset while maintaining a 

diversified offset portfolio

(5) CI reduction practices 

through CO2 capture and 

valorization, methane 

leakage detection, local 

sourcing

(6) Clarity on certification 

schemes and intercountry 

homogenity of 

environmental rules

1. Stable and scalable process performance 3,64 3,50 3,21 2,29 3,21 3,21

2. Feedstock security 3,86 2,93 3,07 1,86 2,64 3,71

3. Infrastructure and permit readiness for expansion 3,93 3,36 3,93 1,93 2,36 3,07

4. Efficient and cost-effective digestate and byproduct management 4,00 3,36 3,07 1,93 2,00 3,21

5. Policy certainty and implementation of the blending obligation 3,29 3,00 3,00 3,00 3,43 4,29

6. Revenue predictability via strategic contracting and market diversification 3,43 2,57 3,07 3,14 3,00 4,29

7. Building a profitable, risk-resilient business case (with or without subsidies) 4,21 3,64 3,64 3,50 3,79 4,43

8. Regulatory and policy alignment with Dutch environmental objectives 2,79 3,21 2,93 2,86 3,93 4,36

9. Financially incentivizing CI optimization 3,79 3,29 3,43 2,71 4,71 3,71

10. RED EU compliance 3,86 3,00 2,57 2,50 4,07 4,50

Average per Strategic Intervention 3,68 3,186 3,193 2,57 3,31 3,88

Average after downwards adjustment 3,540 2,898 2,926 0,000 3,030 3,439

Average after upwards adjustment 3,817 3,473 3,460 0,000 3,598 4,318

Producing more biomethane 

in the Netherlands

Operational

Economical

Environmental




