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 This case study evaluates innovation management in aviation 
training by assessing a multimodal fuel-delivery system for aircraft 
reciprocating-engine test cells in the Philippines. The modular 
platform is designed to support carbureted, electronic fuel 
injection (EFI), and direct injection (DI) configurations, addressing 
capability gaps in Maintenance, Repair, and Overhaul (MRO) and 
academic laboratories while advancing sustainability. A design-
based strategy is developed to integrate three analytical lenses: 
TELOS (technical, economic, legal, operational, and schedule) for 
feasibility; Technology–Organization–Environment (TOE) for 
adoption readiness; and Triple Bottom Line (TBL) for economic, 
environmental, and social value. Evidence is obtained from 
regulatory documents, international benchmarks, and semi-
structured interviews with practitioners. Findings show that the 
system is technically viable, cost-advantageous over multiple 
single-purpose rigs, and compliant with CAAP and ICAO 
requirements. The TOE analysis reveals strong regulatory drivers, 
although organizational capacity, funding, and upskilling remain 
uneven. The TBL findings confirm cost efficiencies, compatibility 
with Sustainable Aviation Fuels (SAF), and contributions to human 
capital development. A five-phase roadmap is proposed: alignment, 
pilot validation, institutional rollout, regional scaling, and national 
integration. Test-cell modernization is reframed as a technological 
and organizational innovation that enhances competitiveness and 
supports sustainability. Identified limitations motivate prototype 
development to quantify technical and economic performance. 
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1. Introduction 
Aircraft reciprocating engines remain vital in general aviation and training, particularly in the Philippines, where 
piston-engine aircraft dominate educational and light commercial operations. Traditionally, these engines have 
relied on carbureted fuel systems valued for their mechanical simplicity and cost-effectiveness. However, their 
limitations—such as uneven fuel-air distribution and vulnerability to icing—pose operational and safety risks 
(Martin, 2017). Technological advancements have led to the widespread adoption of fuel injection systems, 
particularly electronic fuel injection (EFI), which enhances combustion efficiency, improves fuel economy, and 
increases reliability at higher altitudes (Aeronautics Guide, n.d.; Ilyas et al., 2020; Reddy et al., 2021). More recently, 
direct injection (DI) technologies, though promising in terms of precision and performance, introduce new 
challenges related to system complexity, carbon buildup, and particulate emissions (Chen et al., 2022). Emerging 
research also explores exhaust gas recirculation (EGR) and integration of artificial intelligence for fault detection, 
underscoring the transition toward more sophisticated and sustainable fuel delivery systems (Elkelawy et al., 2022; 
Li et al., 2023). 

Recent industry discussions highlight the growing importance of modern test-cell infrastructure equipped with 
computerized data-acquisition and control systems to meet the increasing demands for MRO and education 
(Sweeney & Guise, 2023; Sweeney & Thiel, 2022). However, in the Philippine context, such infrastructure remains 
sparse, with most aviation institutions relying on partial or component-based training setups, which limit practical 
readiness. Globally, the aircraft engine test cell market is substantial—valued at approximately USD 3.5 billion in 
2023 and projected to exceed USD 4.2 billion by 2032—highlighting significant growth in modern testing 
capabilities (Market Research Future, 2025; Polaris Market Research, n.d.). 

Understanding the adoption of such innovations requires structured frameworks. The Technology–Organization–
Environment (TOE) framework explains technology adoption by considering technological readiness, 
organizational capacity, and environmental pressures such as regulation and market competition (Bryan & Zuva, 
2021; Li, 2020). Within aviation, TOE has been applied to predictive maintenance and digital transformation, 
demonstrating its value in identifying adoption barriers and enablers (Tan & Masood, 2022). Complementing TOE, 
the TELOS feasibility framework provides a holistic assessment of technical, economic, legal, operational, and 
schedule viability, ensuring balanced decision-making in complex projects (McLeod, 2021; Thom, 2025). Applying 
these frameworks to test cell development can highlight both the readiness of Philippine institutions and the 
adjustments needed for successful implementation. 

Sustainability further adds a crucial layer to this discourse. Guided by the Triple Bottom Line (TBL), sustainable 
aviation facilities must demonstrate not only economic efficiency but also environmental responsibility and social 
value (Gupta et al., 2020; Goh et al., 2020). International precedents show that sustainable infrastructure—whether 
in hangar design or runway redevelopment—yields measurable gains in cost savings, energy efficiency, and 
workforce safety (Dubey, 2017; Plastropoulos et al., 2024). However, sustainability practices remain underexplored 
in aviation training facilities, particularly in Southeast Asia, where resource constraints often hinder their 
adoption (Sandanayake et al., 2022). This suggests a pressing need to integrate sustainability principles into the 
design of multipurpose test cells to future-proof aviation education and local MRO capabilities. 

Given these considerations, the present study evaluates the feasibility of a multi-purpose fuel delivery system for 
reciprocating engine test cells that can accommodate carbureted, EFI, and DI systems. By applying the TELOS 
feasibility model, TOE adoption readiness, and TBL sustainability analysis, this research addresses the dual 
challenges of modernization and sustainability in Philippine aviation training and MRO. The findings aim to close 
infrastructure readiness gaps, inform regulatory and institutional strategies, and support workforce development, 
thereby helping position the Philippines as a regional contributor to aviation modernization. 

2. Literature Review 

2.1. Aircraft Reciprocating Engine Fuel System 

Aircraft reciprocating engine fuel systems have evolved from simple carburetion to electronic and direct injection 
to meet rising demands for efficiency, performance, and emission control. Carbureted systems, once the general 
aviation standard, remain valued for their simplicity and low cost but are limited by uneven fuel-air distribution, 
icing susceptibility, and reduced high-altitude performance (Martin, 2017; Monroe Aerospace, 2024; Wood, 2022). 
Electronic Fuel Injection (EFI) addresses these issues by precisely metering fuel, improving combustion stability, 
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efficiency, and altitude performance, though it requires stable power and specialized maintenance (Reddy et al., 
2021; Ilyas et al., 2020). Direct Injection (DI) further advances efficiency by delivering high-pressure fuel directly 
to the combustion chamber, enhancing atomization and power density but increasing system complexity and cost 
(Zhao, 2010; Moore, 2021). 

Emerging technologies—such as EGR for emissions reduction, AI-based diagnostics, and electric pumps for More-
Electric Aircraft—are reshaping fuel system design toward smarter, cleaner operations (Elkelawy et al., 2022; 
Nguyen, 2025). Modern systems also integrate FADEC, advanced gauging, and thermal management, improving 
efficiency and reliability (Li, 2020). This technological shift underscores the need for test cells that support 
carbureted, EFI, and DI systems, enabling training and MRO facilities to bridge legacy technologies with future-
ready propulsion (Glazer, 2023; Reddy et al., 2021). 

2.2. Engine Test Cell Applications in Aviation Training and MRO 

Engine test cells are critical to aviation training and MRO, providing controlled environments for diagnosing, 
tuning, and validating aircraft powerplants. They enable students and technicians to build practical competencies 
with reciprocating engines while minimizing operational risks. Worldwide, training centers and MRO facilities are 
upgrading to computerized rigs with integrated data-acquisition and control systems, enabling more accurate 
performance evaluation and predictive maintenance (Safran Test Cells’ DACS, 2019). These advancements align 
with Maintenance 4.0, where digitalization, health monitoring, and analytics drive more efficient maintenance 
practices (Metso & Thenent, 2020). 

Complementary technologies are also transforming training. VR and 3D simulation enhance engagement and 
offset equipment shortages (Dela Peña, 2025; Miranda et al., 2020). Blockchain enhances record security (Dela 
Peña et al., 2024), while alternative propulsion systems, such as fuel cells, create new maintenance and training 
demands (Hoff et al., 2022). Competency-based and simulation-driven instruction is gaining global traction (Patel, 
2025), yet skill shortages and certification gaps persist across Southeast Asia (Fahriza et al., 2021). 

In the Philippines, however, dedicated test cell infrastructure remains limited. Most schools and MROs rely on 
component-level training or integrated airframes, reducing exposure to modern diagnostic tools. This gap 
undermines workforce readiness and increases reliance on overseas training for advanced maintenance 
capabilities. As general aviation and piston-engine operations expand in the region, the absence of scalable test 
cell infrastructure risks widening skill gaps and constraining industry competitiveness (Market Research Future, 
2025). 

2.3. Technology Adoption in Aviation 

Technology adoption in aviation training and maintenance is increasingly analyzed through the Technology–
Organization–Environment (TOE) framework, which emphasizes technological readiness, organizational capacity, 
and environmental pressures as key determinants. Advances such as VR, AI, and cloud computing have enhanced 
training quality and reduced maintenance errors (Gonzalo, 2024; Karunakaran, 2021). Combined with the 
Technology Acceptance Model (TAM), TOE offers a structured lens for assessing benefits, compatibility, and 
potential adoption barriers (Bryan & Zuva, 2021; Li, 2020). 

TOE has informed studies on predictive maintenance, blockchain logistics, and cloud adoption, particularly in 
Southeast Asian MROs, where technological viability contrasts with uneven organizational readiness and 
regulatory alignment (Ganguly, 2022; Gui et al., 2020; Triandini et al., 2022). In airport operations, TOE 
assessments further highlight workforce capability and digital infrastructure as critical to successful digital 
transformation (Tan & Masood, 2022). 

Overall, TOE provides a versatile framework for examining innovation uptake in aviation. Persistent barriers—
especially in under-resourced facilities and aging workforces—underline the need to align technology, 
organizational capacity, and environmental support to ensure effective and sustainable adoption (Goritiyal et al., 
2021). 

2.4. Feasibility Assessment Models 

Feasibility assessment models offer structured methods for evaluating a project’s implementation potential. The 
TELOS framework, which examines Technical, Economic, Legal, Operational, and Schedule factors, remains one 
of the most widely used tools for assessing the feasibility of project and technology adoption. It provides a holistic 
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view of viability and has been applied across domains such as e-government, academic information systems, and 
augmented reality (Lestari et al., 2021; Ningsi & Nuzul, 2023; Perdana et al., 2022; Gunawan et al., 2024). Through 
scoring systems, TELOS helps organizations assess readiness, identify risks, and minimize failure, financial loss, 
and reputational damage (Restyandito et al., 2023; Afilla et al., 2024; McLeod, 2021). 

For complex or emerging technologies, design-based feasibility methods complement TELOS by emphasizing 
iterative development, stakeholder engagement, and uncertainty management (McLeod, 2021). In education, 
models such as TAM highlight the roles of perceived usefulness, self-efficacy, and social factors in adoption 
(Granić, 2022), while frameworks such as ETADC integrate TPACK with local constraints to support context-
sensitive assessments (Sabiteka et al., 2025). 

These approaches demonstrate that feasibility extends beyond technical and financial considerations, 
encompassing organizational capacity, stakeholder readiness, and contextual adaptability—essential factors for 
sustainable adoption in aviation training and maintenance. 

2.5. Sustainability in Aviation Training Facilities 

The integration of sustainability in aviation training facilities is increasingly guided by the Triple Bottom Line (TBL) 
framework, which balances economic, environmental, and social dimensions (Gupta et al., 2020; Goh et al., 2020). 
In facility management, energy-efficient systems, waste reduction, and environmentally conscious design are 
recognized as essential for long-term operational viability (Charytonowicz & Falcão, 2019; Opoku & Lee, 2022). 
Within higher education, sustainability has evolved further, with some institutions adopting a quadruple bottom 
line that adds educational value, reinforcing the importance of environmental education and structured waste 
management (Michael & Elser, 2019; Sandanayake et al., 2022). 

Practical applications illustrate these principles. The “hangar of the future” at Cranfield University demonstrates 
how digital technologies, robotics, and sustainable materials can reduce costs, increase efficiency, and enhance 
safety (Plastropoulos et al., 2024). Similarly, TBL-based runway redesign at John Glenn Columbus International 
Airport leveraged material reuse and LED lighting to lower costs and environmental impact (Dubey, 2017). 
Although research directly focused on aviation training facilities remains limited, these examples indicate that 
embedding TBL strategies into test cell and training facility design can yield economic savings, greener operations, 
and stronger training outcomes—advancing both industry sustainability goals and workforce development. 

2.6. Theoretical Framework 

This study is anchored on three interrelated frameworks—the TELOS Feasibility Model, the Technology–
Organization–Environment (TOE) Framework, and the Triple Bottom Line (TBL) approach—to assess the adoption 
feasibility of a modular multi-mode fuel delivery system for aircraft reciprocating engine test cells in the 
Philippine aviation context. The TELOS Feasibility Model evaluates project viability across five key dimensions: 
Technical, Economic, Legal, Operational, and Schedule (McLeod, 2021). Its application ensures that the proposed 
system is technically sound, cost-efficient, compliant with regulatory standards, operationally practical for 
aviation schools and MROs, and achievable within time and resource constraints. 

The Technology–Organization–Environment (TOE) Framework (Tornatzky & Fleischer, 1990) analyzes adoption 
drivers at the organizational level. TOE considers technological performance and compatibility, organizational 
readiness and workforce capacity, and environmental factors such as regulatory frameworks and global 
benchmarks. In this study, TOE clarifies how aviation schools, MROs, and regulatory bodies like CAAP and ICAO 
shape readiness and adoption pathways. Finally, the Triple Bottom Line (TBL) framework extends the analysis by 
integrating economic, environmental, and social dimensions. Economically, the modular test cell reduces costs 
through shared infrastructure. Environmentally, it minimizes equipment redundancy and supports the use of 
alternative fuels. Socially, it enhances training quality, workforce preparedness, and safety culture. Together, 
TELOS, TOE, and TBL provide a holistic lens that captures both short-term feasibility and long-term sustainability, 
supporting the modernization of aviation training infrastructure and informing policy and industry practice in the 
Philippine context. 

2.7. Conceptual Framework 

Fig. 1 illustrates the conceptual framework guiding this study. The framework integrates three analytical 
perspectives: TELOS feasibility dimensions, TOE adoption drivers, and TBL sustainability impacts. The TELOS 
framework assesses feasibility across technical, economic, legal, operational, and scheduling considerations. The 
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TOE framework identifies adoption drivers shaped by technological performance, organizational readiness, and 
environmental regulations. The TBL framework highlights sustainability outcomes across the economic, 
environmental, and social domains. Collectively, these dimensions converge on evaluating the adoption feasibility 
of a multi-mode fuel delivery system for aircraft reciprocating engine test cells in the Philippine context, ensuring 
that both practical viability and sustainability impacts are systematically addressed. 

 

Fig. 1. Conceptual framework integrating TELOS feasibility dimensions, TOE adoption drivers, and TBL 
sustainability impacts for assessing the adoption feasibility of a multi-mode fuel delivery system in Philippine 

aircraft engine test cells (Source: Authors’ own work) 

3. Method 

3.1. Research Design 

This study uses a qualitative multimethod approach that integrates document analysis and semi-structured 
interviews to ensure conceptual rigor and contextual relevance. The core of the research is a document-based 
feasibility assessment that examines technical manuals, regulatory guidelines, and scholarly literature to 
conceptualize a multimodal fuel-delivery system for aircraft reciprocating-engine test cells. To enrich this 
foundation, semi-structured interviews are conducted with purposively selected stakeholders—maintenance 
trainers, regulators, and industry practitioners—who provide operational, regulatory, and pedagogical 
perspectives relevant to the Philippine aviation sector. 

This combination allows cross-validation of technical evidence with practitioner insights. Findings are 
synthesized narratively and translated into visual representations, including a schematic diagram of the proposed 
system (Fig. 2) and a data collection flowchart (Fig. 3), which enhance clarity and practical applicability. This 
integrated qualitative approach ensures a credible, contextually grounded feasibility assessment that aligns 
technical design with regulatory requirements and educational objectives. 

3.2. Data Sources and Participants 

This study draws on two primary data sources: documentary materials and stakeholder interviews. Documentary 
data—including regulatory frameworks, technical manuals, and institutional policies—are purposively selected to 
establish baseline technical, regulatory, and operational criteria → are purposively selected to define baseline 
technical, regulatory, and operational criteria for assessing the feasibility of a multimodal fuel-delivery system. 

Semi-structured interviews are conducted with key stakeholders from aviation schools, MRO organizations, and 
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regulatory bodies. Inclusion criteria require at least five years of relevant experience in aircraft maintenance, 
training, or regulatory oversight, while those without direct technical or supervisory roles are excluded. A total of 
eight participants are engaged, representing instructors, maintenance supervisors, and regulatory officers with 
5–18 years of experience → representing instructors, maintenance supervisors, and regulatory officers with 5–18 
years of experience. 

Recruitment continues until thematic saturation is achieved, reinforcing the credibility and robustness of findings 
→ is achieved to ensure data adequacy and credibility. Participant details—role, experience, and affiliation—are 
summarized in a coding sheet to maintain transparency and anonymity. 

The integration of documentary evidence and practitioner perspectives enables methodological triangulation, 
thus strengthening validity and informing the schematic design of the proposed system → supports 
methodological triangulation, strengthening validity and directly informing the framework synthesis in Section 
3.4. 

3.3. Data Collection Procedures 

Data collection employs a dual strategy—document analysis and semi-structured interviews—to comprehensively 
assess the feasibility of a multimodal fuel delivery system for aircraft engine test cells. This multimethod design 
enables triangulation, ensuring that both technical evidence and practitioner perspectives are systematically 
captured. Relevant materials from regulatory agencies, academic literature, technical manuals, and industry 
reports are purposively selected and screened for credibility, recency, and relevance. Priority is given to sources 
on reciprocating engine test cells, fuel delivery technologies, and maintenance requirements. Findings establish 
the technical foundation for interview protocols and preliminary schematic design. 

Aviation practitioners and instructors—including maintenance engineers, faculty, and technical personnel from 
test cell facilities—are purposively selected to align operational, regulatory, and instructional perspectives. A semi-
structured guide ensures consistent thematic coverage while allowing in-depth exploration. Ethical protocols, 
including informed consent and confidentiality, are strictly followed. Document analysis precedes interviews to 
establish baseline knowledge. Interviews are conducted individually, either in person or online, and are audio-
recorded with participant consent, supplemented by field notes. Insights from both sources are synthesized into 
a schematic diagram of the proposed system (Fig. 2) and a flowchart outlining the data collection sequence (Fig. 
3), integrating both technical evidence and stakeholder validation. This combined approach strengthens validity 
through methodological triangulation, producing a robust feasibility assessment for aircraft engine test cell 
applications. 

 
Fig. 2. Conceptual schematic of the proposed multimodal fuel-delivery system integrating carbureted, EFI, and 

DI configurations. The figure illustrates the component interconnectivity and pressure-regulation pathways that 
enhance fuel stability and training adaptability, supporting the TELOS technical feasibility analysis (Source: 

Authors’ own work) 
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Fig. 3. Flowchart of data-collection procedures from document analysis to schematic integration. The figure is 
included to clarify methodological triangulation and to show how evidence from documents and interviews is 

systematically funneled into the design, ensuring analytic rigor (Source: Authors’ own work) 

3.4. Analytical Application of Frameworks 

To structure the analysis and ensure rigor, this study operationalizes three established frameworks—TELOS, TOE, 
and TBL—to evaluate the feasibility and readiness of a multimodal fuel-delivery system for aircraft reciprocating-
engine test cells. The TELOS Feasibility Model → TELOS model is applied through a structured scoring matrix → 
structured scoring matrix assessing five dimensions: technical, economic, legal, operational, and schedule 
feasibility. 

The Technology–Organization–Environment (TOE) framework guides the assessment of adoption readiness by 
examining technological performance and scalability, organizational capability and workforce preparedness, and 
environmental or regulatory drivers. 

The Triple Bottom Line (TBL) approach addresses sustainability by linking economic efficiency, environmental 
optimization, and social benefits → economic efficiency, environmental gains, and social value through improved 
training quality and workforce development. 

A linkage matrix aligns TELOS, TOE, and TBL dimensions to ensure analytical coherence. This matrix ensures 
analytical coherence, with feasibility scores informing adoption readiness and sustainability dimensions validating 
long-term applicability. The process strengthens reproducibility and provides a unified basis for interpreting 
results. 

3.5. Data Analysis Procedures 

Data analysis follows a qualitative interpretive approach, integrating evidence from documents, stakeholder 
interviews, and the schematic diagram of the proposed multimodal fuel-delivery system. Documentary sources 
are analyzed through thematic content analysis, focusing on feasibility indicators—technical, economic, legal, 
operational, and sustainability—and broader modernization themes. 

Interview data are transcribed verbatim and coded using an inductive–deductive strategy by two independent 
researchers to ensure coding consistency. Theme prevalence is indicated by brief frequency indicators (e.g., 
mentioned by 5 of 8 participants) to reflect the relative importance of emerging categories. Open coding captures 
→ captures participants’ raw insights, which are clustered into axial codes and consolidated into four major 
themes → are clustered into axial codes and synthesized into four main themes: (1) challenges (e.g., funding gaps, 
limited expertise, regulatory ambiguity), (2) benefits (e.g., enhanced training, cost efficiency, sustainability 
alignment), (3) recommendations (e.g., faculty upskilling, phased rollout, policy support), and (4) validation points 
confirming the accuracy and applicability of the proposed schematic design. Selected quotations are included to 
support interpretive depth and transparency. 

Credibility is strengthened through methodological triangulation—cross-validating interview data with 
documentary evidence and the schematic design—along with peer debriefing and member checking with two 
participants to confirm the accuracy of the interpretation. Analytical rigor is further enhanced by the TELOS 
model (feasibility assessment), the TOE framework (adoption readiness), and the TBL framework (sustainability 

https://www.doi.org/10.71108/transporttech.vm02is02.01


Dela Peña et al., TransportTech, Volume 2, Issue 2, 2025, DOI: 10.71108/transporttech.vm02is02.01 
 

12 
 

mapping). A coding matrix (Table 1) aligns analytical dimensions, codes, data sources, and framework components, 
ensuring consistency, transparency, and a holistic evaluation of feasibility and adoption potential. 

Table 1. Coding Matrix for Data Analysis 

Framework 
Dimension Sample Codes Data Source Analytical Focus 

Challenges 
“Lack of funding,” “Limited faculty 
expertise,” “Unclear CAAP guidelines,” 
“Maintenance complexity” 

Semi-structured 
interviews 

Barriers to adoption, 
resource constraints, and 
regulatory gaps 

Benefits 
“Enhanced training realism,” “Sustainability 
readiness,” “Cost efficiency,” “SAF 
compatibility” 

Semi-structured 
interviews, documents 

Advantages of multimodal 
system, alignment with 
modernization goals 

Recommendations 
“Faculty upskilling,” “Phased 
implementation,” “Industry–academe 
collaboration,” “Policy support” 

Semi-structured 
interviews, stakeholder 
consultations 

Practical strategies for 
adoption and sustainability 

Validation Points 
“Schematic reflects test cell reality,” “Design 
is technically sound,” “Operationally 
adaptable” 

Semi-structured 
interviews, schematic 
diagram feedback 

Practitioner confirmation 
of design feasibility and 
accuracy 

Feasibility 
(TELOS) 

Technical adequacy, cost-effectiveness, 
legal compliance, operational readiness, 
sustainability 

Documents, schematic 
diagram, interviews 

Structured feasibility 
assessment across TELOS 
domains 

Adoption 
Enablers/Barriers 

(TOE) 

Technological readiness, leadership support, 
regulatory environment, and environmental 
demand 

Documents, interviews 
Adoption potential in 
organizational and 
environmental contexts 

Sustainability 
(TBL) 

Cost savings, SAF integration, workforce 
development, and emission reduction Documents, interviews 

Mapping economic, 
environmental, and social 
benefits 

 
4. Results and Discussion 

The findings are examined through three complementary lenses—TELOS, TOE, and TBL. TELOS evaluates 
feasibility across technical, economic, legal, operational, and schedule dimensions. TOE assesses adoption 
readiness by linking technological capacity, organizational resources, and environmental drivers. TBL situates the 
design within sustainability goals, emphasizing economic efficiency, environmental responsibility, and social 
value. Together, these frameworks provide a comprehensive basis for interpreting feasibility, readiness, and long-
term impact. 

4.1. TELOS Feasibility 

The feasibility of the proposed multimodal fuel-delivery system was assessed using the TELOS framework, which 
evaluates technical, economic, legal, operational, and schedule considerations. A synthesis of these findings is 
presented in Table 2. 

Technical. The modular design effectively integrates carbureted, EFI, and DI systems into a single rig, increasing 
versatility while introducing manageable complexity. Shared manifolds and adjustable pressure regulators 
stabilize fuel distribution and allow rapid reconfiguration—features consistent with modern multi-mode test 
benches used in engine research and training (Zhao, 2010; Ilyas et al., 2020). These attributes support high 
technical feasibility and long-term instructional adaptability. 

Economic. Although the initial investment is higher than constructing separate single-purpose rigs, consolidating 
three systems into one platform reduces equipment redundancy, maintenance cycles, and spare parts inventory. 
This leads to lower lifecycle costs and a reduced cost-per-training-hour, mirroring the efficiencies documented 
in modular and hybrid engine-training infrastructures (Gupta et al., 2020). The system is therefore economically 
viable over its operational lifespan. 

Legal. The design aligns with CAAP fuel-handling requirements and ICAO Annexes 8 and 14. Integrated safety 
components—such as pressure-relief valves, spill-containment features, and grounding systems—support 
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compliance with aviation fuel-safety standards and minimize electrostatic discharge and fire risks (CAAP, 2022; 
ICAO, 2018). Legal feasibility is strong, contingent on adherence to established occupational safety protocols. 

Operational. Operational feasibility is supported by the system’s modular control layout and use of standard 
couplings, which reduce setup time and enable smooth transitions between fuel-delivery configurations. Effective 
utilization, however, depends on instructor and technician upskilling, particularly for EFI and DI systems, to 
maximize technical accuracy and pedagogical value. The system is well-suited for both aviation schools and MRO 
environments, provided that capacity-building measures are in place. 

Schedule. Implementation within one to two years is realistic, reflecting expected procurement timelines, training 
requirements, and regulatory coordination. A phased rollout—beginning with familiar carbureted systems and 
progressing to EFI and DI—can manage integration risks while allowing institutions to adapt gradually. Similar 
timelines have been reported in ASEAN aviation modernization initiatives (Tan & Masood, 2022). Overall, the 
TELOS assessment confirms that the multimodal fuel-delivery system is technically sound, economically 
advantageous, legally compliant, operationally viable, and achievable within a reasonable timeframe. 

Table 2. TELOS feasibility assessment synthesizing technical, economic, legal, operational, and schedule 
dimensions. The table is included to show where feasibility is strongest (technical/economic) and where 

enabling actions (instructor capacity, phased rollout) are most needed 

Dimension Findings Interpretation 

Technical 
Modular design accommodates carbureted, EFI, and DI 
systems within one rig. 

Feasible; increases adaptability, though 
integration adds complexity. 

Economic Higher upfront cost vs. single rigs, but shared 
infrastructure reduces long-term expenses. Economically viable on a lifecycle cost basis. 

Legal 
Aligned with CAAP standards and ICAO Annex 8/14, it 
requires strict safety protocols for fuel handling. 

Legally compliant if occupational safety is 
ensured. 

Operational Suitable for aviation schools and MRO facilities; enhances 
training flexibility. 

Operationally advantageous but requires 
specialized instructor preparation. 

Schedule 
Realistic adoption in 1–2 years, contingent on procurement, 
training, and approval. 

Timeline feasible with phased 
implementation. 

4.2. TOE Adoption Readiness 

The Technology–Organization–Environment (TOE) framework was applied to assess the readiness of aviation 
training and MRO facilities to adopt the proposed multimodal fuel-delivery system, examining technological 
capacity, organizational preparedness, and environmental drivers. 

Technological. Most facilities have compatible infrastructure and utilities, requiring only incremental upgrades 
for integration. However, gaps in advanced instrumentation and sensor systems may limit the system’s full 
diagnostic capability. This limitation arises from legacy analog configurations that lack data-acquisition capacity, 
similar to barriers observed in predictive maintenance and digital retrofit studies (Tan & Masood, 2022; Gonzalo, 
2024). 

Organizational. While faculty and MRO personnel are well-versed in conventional fuel delivery, many require 
upskilling to handle EFI and DI technologies. Successful adoption depends on structured training and sustained 
institutional commitment to capacity building. This trend reflects earlier TOE-based aviation research indicating 
that workforce capability is a decisive factor in technology diffusion across Southeast Asian MROs (Ganguly, 2022). 

Environmental. Regulatory alignment with ICAO standards and global trends toward sustainable fuels and hybrid 
systems create intense external pressure to modernize. [These regulatory incentives and market expectations act 
as environmental catalysts that accelerate adoption, consistent with findings by Bryan & Zuva (2021), who highlight 
policy-driven diffusion in aviation innovation.] These factors position multipurpose test rigs as essential for 
compliance and competitiveness. 

Overall, the TOE assessment shows that although technological and organizational gaps persist, favorable baseline 
infrastructure and strong environmental drivers support adoption readiness. This alignment reinforces earlier 
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TOE applications in aviation, confirming that readiness improves when technological feasibility and regulatory 
support converge (Tan & Masood, 2022). A structured summary of these findings is presented in Table 3. 

Table 3. TOE adoption-readiness matrix across technological, organizational, and environmental contexts. The 
table is included to reveal that baseline infrastructure is sufficient, but diagnostic instrumentation and 

workforce upskilling determine the pace of integration under strong external regulatory drivers 

Dimension Findings Implications for Adoption 

Technological 
Facilities have basic infrastructure, but there are gaps 
in advanced instrumentation. 

Incremental upgrades are needed; this 
may limit the diagnostic scope. 

Organizational 
Skilled in carbureted systems; limited expertise in 
EFI/DI. 

Upskilling and training are essential for 
effective integration. 

Environmental 
Strong regulatory alignment (CAAP/ICAO); 
modernization pressures. 

External drivers create urgency for 
adoption. 

4.3. TBL Sustainability Analysis 

The Triple Bottom Line (TBL) framework is applied to assess the economic, environmental, and social 
sustainability of adopting the multimodal fuel-delivery system, with emphasis on long-term institutional and 
industry value. 

Economic. Consolidating carbureted, EFI, and DI configurations into a single modular rig reduces capital and 
maintenance costs compared to multiple standalone systems. This cost reduction results from shared 
instrumentation, fewer calibration cycles, and optimized utilization rates—mechanisms also reported in TBL-
based analyses of hybrid training facilities (Tan & Masood, 2022). This resource optimization [supports → 
supports] financially sustainable training and MRO operations. 

Environmental. The system minimizes equipment redundancy, lowering energy and material consumption. Its 
compatibility with Sustainable Aviation Fuel (SAF) and blended fuels aligns with ICAO’s decarbonization goals, 
enhancing future sustainability readiness. The environmental gains arise from reduced embodied energy in 
manufacturing and lower emissions during test operations, comparable to efficiency improvements documented 
in sustainable hangar retrofits and engine test-cell decarbonization studies (Gupta et al., 2020; Bryan & Zuva, 
2021). 

Social. By exposing learners to multiple fuel-delivery technologies on a single platform, the system broadens 
technical competencies, strengthens workforce readiness, and improves graduate employability in an evolving 
aviation sector. This pedagogical impact mirrors findings from TBL-oriented aviation education research, which 
emphasize skill diversification and employability as social sustainability indicators (Ganguly, 2022). 

Overall, the TBL assessment shows that the proposed system delivers clear economic and environmental 
advantages while advancing social objectives. These results are consistent with prior TBL-based facility 
assessments, confirming that integrated design and workforce-centered innovation jointly enhance institutional 
sustainability (Tan & Masood, 2022). A synthesis of these findings is presented in Table 4. 

Table 4. TBL sustainability synthesis covering economic, environmental, and social outcomes. The table is 
included to show that a single modular rig concentrates capital/maintenance savings, reduces embodied and 

operational resource use, and broadens students' employability skills 

Dimension Findings Implications for Sustainability 

Economic Single modular rig reduces capital and maintenance 
costs. 

Financially efficient and resource-optimized 
solution. 

Environmental Reduced redundancy; compatible with SAF and 
blended fuels. 

Aligns with global decarbonization and 
efficiency goals. 

Social Broader skill development in carb/EFI/DI systems. Enhances employability and workforce 
adaptability. 
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4.4. Qualitative Results 

4.4.1. Emerging Themes 

Three key themes emerge from the interviews: integration challenges, perceived benefits, and recommendations 
for refinement and adoption. Integration challenges center on the technical complexity of combining carbureted, 
EFI, and DI systems into a single schematic. Participants emphasize the need for precise calibration and stable 
fuel pressure and flow control to ensure seamless switching between systems. They also note the constraints of 
educational settings, where advanced monitoring tools are often limited, stressing the importance of maintaining 
practicality in design. These insights highlight the trade-off between realism and resource availability, a trade-off 
often observed in aviation training facilities, and align with findings from hybrid-engine instructional models 
(Ganguly, 2022). 

Perceived benefits highlight the schematic’s value as both a cost-efficient and pedagogically powerful training 
tool. Participants view the integrated design as a practical way to expose students to multiple fuel-delivery 
technologies without the cost of multiple rigs. Broader system exposure is perceived as enhancing student 
adaptability and industry readiness. This perception mirrors broader trends in aviation education, which 
emphasize experiential learning and competency-based exposure to diverse systems. 

Recommendations focus on improving usability, safety, and alignment with real-world practices. Participants 
suggest modular fittings, color-coded lines, built-in safety redundancies, and the integration of digital monitoring 
tools to support hands-on learning and operational accuracy. These suggestions align with global shifts toward 
digital instrumentation and standardized configurations in MRO education (Tan & Masood, 2022). Collectively, 
these insights reflect a balanced perspective: while technical integration poses real challenges, the schematic is 
widely viewed as a promising innovation for strengthening both aviation training and industry preparedness. 

4.4.2. Validation of the Proposed Schematic Diagram 

Participants broadly affirm the practicality and educational value of the proposed schematic diagram, recognizing 
its technical feasibility and pedagogical relevance. They agree that integrating carbureted, EFI, and DI systems is 
achievable with proper calibration and safety protocols. One participant notes that “the schematic captures the 
essential flow paths and components without overcomplicating the design.” At the same time, another emphasizes 
the importance of “accurate fuel pressure regulation across systems” to ensure functionality. 

From an educational standpoint, the schematic is validated as an effective bridge between theory and practice. Its 
multi-system design allows students to simulate and compare different fuel-delivery technologies on a single 
platform—an opportunity rarely available in typical training environments. This alignment with simulation-based 
pedagogy reinforces international findings on the value of integrated systems in technical education (Bryan & 
Zuva, 2021). 

Participants also propose refinements to improve usability and alignment with industry standards. These include 
more transparent labeling of components, integration of digital monitoring, and the use of visual cues to minimize 
operational errors. As one remarks, “adding standardized labels and digital readouts will enhance both ease of use 
and relevance to MRO practices.” Overall, the validation results indicate that the schematic is technically sound 
and pedagogically valuable, requiring only minor enhancements for optimal implementation and alignment with 
emerging aviation training frameworks. The integrated interview results are presented in Table 5. 

Table 5. Consolidated Interview Results: Emerging Themes and Validation of the Proposed Schematic Diagram 

Theme / Aspect Participant Insight (Quote/Paraphrase) Recommendation / Suggested 
Improvement 

Challenges 
“Integrating three fuel systems into one schematic is 
complex, especially when considering fuel pressure and 
compatibility.” 

Careful calibration and safety 
protocols must be established. 

 “Educational institutions often lack resources to build multi-
purpose test setups.” 

Secure funding and phase-based 
implementation. 

Benefits 
“The design allows direct comparison of carbureted, EFI, and 
direct injection systems, enhancing student learning.” 

Highlight comparative learning 
outcomes in lab manuals. 

 “This can simulate real-world scenarios where mechanics 
deal with multiple engine types.” 

Integrate practical case-based 
exercises in teaching. 
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Recommendations 
“Ensure diagrams remain simple enough for students to 
interpret without confusion.” 

Use standardized labels and clear 
flow directions. 

 “Adding digital sensors and monitoring tools would make it 
more relevant to MRO practices.” 

Incorporate readouts for pressure, 
flow, and temperature. 

Validation – 
Technical Feasibility 

“The schematic captures the essential flow paths and 
components without overcomplicating the design.” 

Ensure proper calibration of 
pressure regulation. 

Validation – 
Educational Value 

“Students can simulate and compare three fuel delivery 
systems in one platform, which is rarely possible in 
traditional setups.” 

Emphasize comparative learning in 
training manuals. 

Validation – Clarity 
of Design 

“From a technical standpoint, the diagram is workable; the 
key will be ensuring clarity of flow.” 

Add standardized labels and 
annotations. 

Validation – 
Alignment with MRO 

“Including digital readouts aligns the design with industry 
practices.” 

Incorporate monitoring sensors 
and visual safety cues. 

 

4.5. Integrated Discussion 

The integrated application of the TELOS, TOE, and TBL frameworks provides a comprehensive lens for 
understanding the feasibility, readiness, and sustainability of the proposed multimodal fuel-delivery system for 
aircraft reciprocating-engine test cells. While each framework highlights distinct dimensions, their convergence 
reveals the interdependence of technical design, organizational capacity, regulatory context, and long-term 
sustainability outcomes (Fig. 4). This integration illustrates how design feasibility (TELOS) enables technological 
adoption (TOE) and how both reinforce sustainability performance (TBL), forming a systemic feedback loop 
consistent with integrated innovation models in aviation research (Tan & Masood, 2022; Bryan & Zuva, 2021). 

TELOS confirms that the system is technically viable, cost-efficient, legally compliant, operationally suitable, and 
implementable within a realistic timeframe. TOE situates these findings in context, showing how technological 
infrastructure, workforce readiness, and environmental pressures shape the potential for adoption. TBL extends 
the analysis to economic savings, environmental gains through SAF readiness, and social benefits via workforce 
development. Framework integration shows how modular design supports adaptability and sustainability, as 
evidenced in sustainable aviation system assessments (Ganguly, 2022). Comparable findings are reported by 
Kabashkin (2025) and Shmelova et al. (2023), who observe that integrated training systems enhance institutional 
adaptability and reduce redundancy. However, the present study extends these insights to test-cell applications 
in emerging aviation markets. 

Enablers include the system’s modular design, lower long-term costs compared to multiple rigs, regulatory 
alignment with CAAP and ICAO, and growing demand for advanced workforce training. Barriers persist in uneven 
facility readiness, limited expertise in EFI and DI systems, and resource constraints. These challenges mirror prior 
TOE-based analyses, in which institutional capacity and funding asymmetry slow the translation of technological 
feasibility into operational adoption. Regulatory support is in place, but the lack of clear national guidelines for 
integrating advanced technologies into training systems may slow adoption. Accelerating adoption requires 
coherent policies on safety certification, oversight, and ICAO-aligned modernization strategies. 

Institutions are required to invest in faculty upskilling, infrastructure, and curriculum redesign to fully leverage 
the system’s economic, environmental, and social value. Cross-framework synthesis suggests that these 
institutional actions serve as critical feedback nodes—policy reform strengthens organizational readiness (TOE), 
which in turn sustains technical innovation (TELOS) and amplifies long-term sustainability outcomes (TBL). 
Strengthening partnerships among regulatory bodies, MRO providers, and aviation schools is expected to create 
an enabling ecosystem that bridges policy and practice. 

Aligned with Research, Development, and Community Extension (RDC) priorities, the multimodal fuel-delivery 
system is positioned as both feasible and strategically transformative for Philippine aviation. Addressing the 
remaining barriers through coordinated policy and institutional action is essential to unlocking the industry's full 
potential for sustainable growth. This integration underscores the frameworks’ collective relevance to aviation 
innovation, confirming that synchronized technical, organizational, and policy advancement is vital for sustainable 
modernization (Tan & Masood, 2022; Ganguly, 2022). By linking these results to the global literature on aviation 
modernization and sustainability, the study demonstrates how emerging economies can adapt integrated 
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frameworks to bridge innovation gaps and strengthen human capital alignment with ICAO’s long-term aspirational 
goals. 

4.6. Recommendations 

The adoption of the multimodal fuel delivery system requires coordinated action across policy, institutional, and 
industry levels. Practitioner interviews revealed key challenges—funding gaps, limited faculty expertise, and 
unclear CAAP certification pathways—as well as opportunities such as enhanced training realism, SAF readiness, 
and long-term cost efficiency. These insights highlight both barriers and actionable strategies for effective 
implementation. The Civil Aviation Authority of the Philippines (CAAP) and related agencies should develop clear 
certification pathways and regulatory guidelines that support the integration of advanced test cells and the 
adoption of SAF. 

Aviation schools and MRO facilities must prioritize faculty upskilling, curriculum alignment, and infrastructure 
investment to build readiness and ensure compliance with evolving standards. Practitioner feedback confirms 
that the schematic design aligns well with operational realities, reinforcing its practical feasibility. Strengthened 
partnerships among aviation schools, MROs, regulatory bodies, and the Regional Development Council (RDC) are 
essential. The RDC can coordinate shared resources, infrastructure, and policy advocacy, enabling joint pilot 
programs that serve as proof-of-concept initiatives for broader scaling. 

Implementation should follow the Triple Bottom Line (TBL) framework, ensuring cost efficiency, environmental 
responsibility, and workforce development. A phased adoption roadmap (Fig. 4) outlines five stages—from 
alignment and pilot validation to regional scaling and nationwide integration—providing a structured guide for 
rollout. By embedding adoption within RDC-led networks and grounding strategies in practitioner insights, the 
system’s scaling can be accelerated, amplifying regional impact and positioning the Philippines as a proactive 
contributor to global aviation modernization and sustainability goals. 

 

Fig. 4. Phased adoption roadmap for the multimodal test-cell system. The figure is included to link feasibility 
findings to implementation pacing, showing how policy alignment, training, and procurement are sequenced to 

manage risk and build readiness in line with TELOS–TOE–TBL integration (Source: Authors’ own work) 

4.7. Limitations and Future Research 

This study is limited by its conceptual and qualitative scope. The analysis was based on document review and a 
small number of semi-structured interviews, which, while insightful, restrict the breadth of perspectives and 
render the findings exploratory rather than conclusive. These practitioner insights, however, offered valuable 
direction by identifying key feasibility challenges and opportunities. 

The lack of experimental prototyping and operational testing also limits the validation of technical performance 
and long-term reliability. While the schematic demonstrates conceptual feasibility, implementation may reveal 
integration issues, maintenance complexities, or compliance adjustments with CAAP and ICAO standards. 

Future research should focus on prototype development and pilot testing in aviation training and MRO settings 
to empirically assess technical performance, cost efficiency, and safety. Additional studies incorporating SAF and 
blended fuels are recommended to evaluate environmental impacts and alignment with decarbonization goals. 
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Exploring digital integration with monitoring systems and training simulators may further enhance operational 
control and pedagogical effectiveness. Addressing these limitations will provide stronger empirical and 
technological foundations to support broader adoption, scalability, and policy alignment for multimodal fuel 
delivery systems in aviation education and maintenance. 

5. Conclusions 
This study assesses the feasibility, adoption readiness, and sustainability of a multimodal fuel-delivery system for 
aircraft reciprocating-engine test cells using the integrated TELOS, TOE, and TBL frameworks. The findings 
confirm that the system must be technically viable, economically advantageous, and compliant with CAAP and 
ICAO standards, with a single stem’s modular design physically implementable through shared manifolds, 
standardized fittings, and safety-compliant controls, suitable for integration into aviation training laboratories. 
These features establish a pathway for prototype fabrication, performance testing, and curriculum application, 
bridging conceptual design and operational practice. 

The results further demonstrate that modular engineering supports sustainable modernization—enhancing cost 
efficiency, reducing material use, and strengthening workforce readiness. Future research should involve 
prototype validation, digital sensor integration, and lifecycle and cost-benefit analyses to quantify performance 
and sustainability impacts. Overall, the proposed system provides a practical, scalable framework for advancing 
sustainable aviation maintenance training in the Philippines and contributes to ongoing efforts to make aviation 
education greener and more adaptable. 

Abbreviations 
AI Artificial Intelligence 

CAAP Civil Aviation Authority of the Philippines 

DACS Data Acquisition and Control System 

DI Direct Injection 

EGR Exhaust Gas Recirculation 

EFI Electronic Fuel Injection 

FAA Federal Aviation Administration 

ICAO International Civil Aviation Organization 

IoT Internet of Things 

LED Light Emitting Diode 

MRO Maintenance, Repair, and Overhaul 

MSME Micro, Small, and Medium Enterprises 

RDC Regional Development Council 

SAF Sustainable Aviation Fuel 

TAM Technology Acceptance Model 

TBL Triple Bottom Line 

TELOS Technical, Economic, Legal, Operational, and Schedule (Feasibility Model) 

TOE Technology–Organization–Environment (Framework) 

TPACK Technological Pedagogical Content Knowledge 

USD United States Dollar 

VR Virtual Reality 

Conflict of Interest 

The authors declare that there are no conflicts of interest regarding the publication of this manuscript. The 
research was conducted independently, without any financial or personal relationships that could have influenced 
the work. 

https://www.doi.org/10.71108/transporttech.vm02is02.01


Dela Peña et al., TransportTech, Volume 2, Issue 2, 2025, DOI: 10.71108/transporttech.vm02is02.01 
 

19 
 

Funding 
This research did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit 
sectors.  

References  
Aeronautics Guide. (n.d.). Aircraft reciprocating engine fuel injection systems. Aeronautics Guide. 
https://aircraftsystemstech.com/p/fuel-injection-systems.html  

Afilla, D., Saputra, E., Monalisa, S., & Ahsyar, T. K. (2024). Analisa studi kelayakan sistem informasi penjualan pada 
CV. Mitra Restu Jaya menggunakan metode TELOS. Jurnal Teknologi Sistem Informasi dan Aplikasi, 7(3), 1160-1172. 
https://doi.org/10.32493/jtsi.v7i3.41323 

Bryan, J. D., & Zuva, T. (2021). A review of the TAM and TOE framework progression and how these models 
integrate. Advances in Science, Technology and Engineering Systems Journal, 6(3), 137-145. 
https://doi.org/10.25046/AJ060316 

Charytonowicz, J., & Falcão, C. L. M. (2019). Advances in Human Factors, Sustainable Urban Planning, and 
Infrastructure. In Advances in intelligent systems and computing, 778, Springer. https://doi.org/10.1007/978-3-
319-94199-8 

Chen, Z., Liao, B., Yu, Y., & Qin, T. (2022). Effect of equivalence ratio on spark ignition combustion of an air-assisted 
direct injection heavy-fuel two-stroke engine. Fuel, 313, Articles 122646. https://doi.org/10.1016/j.fuel.2021.122646 

Civil Aviation Authority of the Philippines  (CAAP). (2022). CAAP Manual of Standards (MOS 2022) [Philippine Civil 
Aviation Regulations]. https://tinyurl.com/mud455va  

Dela Peña, A. (2025). Virtual reality in aircraft maintenance training: Transforming student engagement and 
competency development. Journal of Interdisciplinary Perspectives, 3(3), 360-371. 
https://doi.org/10.69569/jip.2025.017 

Dela Peña, A. C., Rutao, M. I., & Corpuz, R. P. (2024). Blockchain-enabled MRO: Enhancing transparency and 
efficiency in aircraft maintenance. International Journal of Advances in Scientific Research and Engineering, 10(12), 
1–8. https://doi.org/10.31695/ijasre.2024.12.1 

Dubey, P. (2017, February 3). How to achieve triple bottom line sustainability benefits on airport runway projects. 
Informed Infrastructure. https://tinyurl.com/3hekunt3  

Elkelawy, M., El Shenawy, E. A., Mohamed, S., Elarabi, M. M., & Bastawissi, H. (2022). Impacts of using EGR and 
different DI-fuels on RCCI engine emissions, performance, and combustion characteristics. SSRN Electronic 
Journal. https://doi.org/10.2139/ssrn.4028730 

Fahriza, B., Shuib, A., & Wan Mohamed, W. M. (2021). Issues and challenges of aviation maintenance, repair, and 
overhaul in Southeast Asia. In Proceedings of the 1st Asia Pacific International Conference on Industrial Engineering 
and Operations Management (pp. 213–220). https://doi.org/10.46254/ap01.20210213 

Ganguly, K. K. (2022). Understanding the challenges of the adoption of blockchain technology in the logistics 
sector: The TOE framework. Technology Analysis & Strategic Management, 36(3), 457-471. 
https://doi.org/10.1080/09537325.2022.2036333 

Glazer, N. (2023, December 2). Aircraft fuel system design: The breakdown. PilotMall.com. 
https://tinyurl.com/3jvdwmrx  

Goh, C. S., Chong, H., Jack, L., & Faris, A. F. M. (2020). Revisiting triple bottom line within the context of sustainable 
construction: A systematic review. Journal of Cleaner Production, 252, Article 119884. 
https://doi.org/10.1016/j.jclepro.2019.119884 

Gonzalo, J. O. (2024). Digital transformation in aviation education: A review of ICT tools and techniques. American 
Journal of Education and Technology, 3(3), 63-70. https://doi.org/10.54536/ajet.v3i3.2988 

https://www.doi.org/10.71108/transporttech.vm02is02.01
https://aircraftsystemstech.com/p/fuel-injection-systems.html
https://doi.org/10.32493/jtsi.v7i3.41323
https://doi.org/10.25046/AJ060316
https://doi.org/10.1007/978-3-319-94199-8
https://doi.org/10.1007/978-3-319-94199-8
https://doi.org/10.1016/j.fuel.2021.122646
https://tinyurl.com/mud455va
https://doi.org/10.69569/jip.2025.017
https://doi.org/10.31695/ijasre.2024.12.1
https://tinyurl.com/3hekunt3
https://doi.org/10.2139/ssrn.4028730
https://doi.org/10.46254/ap01.20210213
https://doi.org/10.1080/09537325.2022.2036333
https://tinyurl.com/3jvdwmrx
https://doi.org/10.1016/j.jclepro.2019.119884
https://doi.org/10.54536/ajet.v3i3.2988


Dela Peña et al., TransportTech, Volume 2, Issue 2, 2025, DOI: 10.71108/transporttech.vm02is02.01 
 

20 
 

Goritiyal, C., Bairolu, A., & Goritiyal, L. (2021). Application of emerging technologies in the aviation MRO sector to 
optimize cost utilization: The Indian Case. Intelligent Sustainable Systems, 334, 161-176. 
https://doi.org/10.1007/978-981-16-6369-7_15 

Granić, A. (2022). Educational technology adoption: A systematic review. Education and Information Technologies, 
27, 9725-9744. https://doi.org/10.1007/s10639-022-10951-7 

Gui, A., Fernando, Y., Shaharudin, M. S., Mokhtar, M., Karmawan, I. G. M., & Suryanto, S. (2020). Cloud computing 
adoption using the TOE framework for Indonesia’s micro, small, and medium enterprises. JOIV: International 
Journal on Informatics Visualization, 4(4), 458–464. https://doi.org/10.30630/joiv.4.4.458 

Gunawan, A., Tjahjono, F. N., Sebastian, D., & Restyandito, R. (2024). A comprehensive evaluation of the AR Budur 
application: A TELOS analysis. In 2024 2nd International Conference on Technology Innovation and Its Applications 
(ICTIIA) (pp. 1–5). IEEE. https://doi.org/10.1109/ICTIIA61827.2024.10761507 

Gupta, I., Mishra, N., & Tandon, D. (2020). Triple bottom line: Evidence from the aviation sector. International 
Journal of Business Ethics and Governance, 3(1), 97–104. https://doi.org/10.51325/ijbeg.v3i1.32 

Hoff, T., Becker, F. N., Dadashi, A., Wicke, K., & Wende, G. (2022). Implementation of fuel cells in aviation from a 
maintenance, repair, and overhaul perspective. Aerospace, 10(1), 23. https://doi.org/10.3390/aerospace10010023 

Ilyas, S., Naveed, U., & Khalid, J. (2020). Improving fuel consumption using electronic fuel injection technology for 
low-powered motorbike engine. In 2020 17th International Bhurban Conference on Applied Sciences and Technology 
(IBCAST) (pp. 236–243). IEEE. https://doi.org/10.1109/IBCAST47879.2020.9044560 

International Civil Aviation Organization (ICAO). (2018). Annex 8 — Airworthiness of Aircraft (12th ed.). Montréal, 
QC: ICAO. https://tinyurl.com/ytu4v845  

Kabashkin, I. (2025). Development of Digital Training Twins in the Aircraft Maintenance Ecosystem. Algorithms, 
18(7), 411. https://doi.org/10.3390/a18070411  

Karunakaran, C. (2021). Reliability augmentation through technological applications in Indian aircraft maintenance 
training sector. Turkish Journal of Computer and Mathematics Education, 12(11), 1964-1970. 
https://doi.org/10.17762/TURCOMAT.V12I11.6151 

Lestari, M., Haryani, E., & Wahyono, T. (2021). Analisis kelayakan sistem informasi akademik universitas 
menggunakan PIECES dan TELOS. Jurnal Teknik Informatika dan Sistem Informasi, 7(2), 373-380. 
https://doi.org/10.28932/jutisi.v7i2.3612 

Li, J. C. F. (2020). Roles of individual perception in technology adoption at organization level: Behavioral model 
versus TOE framework. Journal of System and Management Sciences, 10(3), 97–118. 
https://doi.org/10.33168/jsms.2020.0308 

Li, J., King, S., & Jennions, I. (2023). Intelligent fault diagnosis of an aircraft fuel system using machine learning—A 
literature review. Machines, 11(4), 481. https://doi.org/10.3390/machines11040481 

Market Research Future. (2025). Global aircraft engine test cells market overview [Market summary]. Market 
Research Future. https://tinyurl.com/3trah2ys  

Martin, S. (2017, September 14). The pros and cons of carbureted vs. fuel injected engines. Boldmethod. 
https://tinyurl.com/mr3p7cuk  

McLeod, S. (2021). Feasibility studies for novel and complex projects: Principles synthesised through an integrative 
review. Project Leadership and Society, 2, Article 100022. https://doi.org/10.1016/j.plas.2021.100022  

Metso, L., & Thenent, N. E. (2020). Characteristics of Maintenance 4.0 and their reflection in aircraft engine MRO. 
In A. Ball, L. Gelman & B. Roa (Eds.), Smart Innovation, Systems and Technologies: Vol. 166 (pp. 453–460). Springer. 
https://doi.org/10.1007/978-3-030-57745-2_42 

Michael, J., & Elser, N. C. (2019). Personal waste management in higher education. International Journal of 
Sustainability in Higher Education, 20(2), 341–359. https://doi.org/10.1108/IJSHE-03-2018-0054 

https://www.doi.org/10.71108/transporttech.vm02is02.01
https://doi.org/10.1007/978-981-16-6369-7_15
https://doi.org/10.1007/s10639-022-10951-7
https://doi.org/10.30630/joiv.4.4.458
https://doi.org/10.1109/ICTIIA61827.2024.10761507
https://doi.org/10.51325/ijbeg.v3i1.32
https://doi.org/10.3390/aerospace10010023
https://doi.org/10.1109/IBCAST47879.2020.9044560
https://tinyurl.com/ytu4v845
https://doi.org/10.3390/a18070411
https://doi.org/10.17762/TURCOMAT.V12I11.6151
https://doi.org/10.28932/jutisi.v7i2.3612
https://doi.org/10.33168/jsms.2020.0308
https://doi.org/10.3390/machines11040481
https://tinyurl.com/3trah2ys
https://tinyurl.com/mr3p7cuk
https://doi.org/10.1016/j.plas.2021.100022
https://doi.org/10.1007/978-3-030-57745-2_42
https://doi.org/10.1108/IJSHE-03-2018-0054


Dela Peña et al., TransportTech, Volume 2, Issue 2, 2025, DOI: 10.71108/transporttech.vm02is02.01 
 

21 
 

Miranda, J. P. P., Yambao, J. A., Marcelo, J. A. M., Gonzales, C. R., Mungcal, V. T. & Baluyut, R. J. (2020). Towards the 
development of 3D engine assembly simulation learning module for senior high school. International Journal of 
Computer Science Research, 5(1), 489-501. https://doi.org/10.25147/ijcsr.2017.001.1.54 

Monroe Aerospace. (2024, March 21). Fuel-injected vs carbureted aircraft engines. Monroe Aerospace. 
https://tinyurl.com/4hmva4ve  

Moore, T. (2021, November 30). Carbon deposits: What is carbon buildup, and how to prevent it. AXI International. 
https://tinyurl.com/ydr4329t  

Nguyen, T. D. (2025). Analyze the control system of an aviation electric fuel pump. In 2025 XXVIII International 
Conference on Soft Computing and Measurements (SCM) (pp. 1–6). IEEE. 
https://doi.org/10.1109/SCM66446.2025.11060246 

Ningsi, N., & Nuzul, M. (2023). Feasibility analysis of e-government services using TELOS method. JURTEKSI (Jurnal 
Teknologi dan Sistem Informasi), 9(2), 189-198. https://doi.org/10.33330/jurteksi.v9i2.1616 

Opoku, A., & Lee, J. (2022). The future of facilities management: Managing facilities for sustainable development. 
Sustainability, 14(3), 1705. https://doi.org/10.3390/su14031705 

Patel, S. (2025). Best practices of global aviation trainer: Gap analysis and practical recommendations. 
International Journal of Scientific Research in Engineering and Management, 9(6), 354. 
https://doi.org/10.55041/ijsrem50354 

Perdana, D. P., Wulan, P. I. D. C., & Fauzi, R. (2022). Feasibility study of web-based academic information systems 
at Bhakti Semesta Salatiga Polytechnic using the feasibility method of TELOS. Compiler, 11(2), 75-82. 
https://doi.org/10.28989/compiler.v11i2.1257 

Plastropoulos, A., Fan, I., Avdelidis, N. P., Angus, J. P., Maggiore, J., & Atkinson, H. (2024). The 'hangar of the future' 
for sustainable aviation. The Aeronautical Journal, 128(1329), 2429–2450. https://doi.org/10.1017/aer.2024.79  

Polaris Market Research. (n.d.). Aircraft engine test cells market size expected to reach USD 4.24 billion by 2032. 
https://tinyurl.com/3ukchcmr  

Reddy, K., Reddy, B. M., Reddy, K. C., Kartheek, P., & Adarsh, T. S. (2021). Comparative investigation of electronic 
fuel injection in two-wheeler applications: A review. IOP Conference Series: Materials Science and Engineering, 
1116(1), Article 012073. https://doi.org/10.1088/1757-899X/1116/1/012073 

Restyandito, R., Sebastian, D., & Nugraha, K. A. (2023). TELOS feasibility study to enhance the efficacy of 
DutaYuswa among the elderly. In 2023 3rd International Conference on Intelligent Cybernetics Technology & 
Applications (ICICyTA) (pp. 1–6). IEEE. https://doi.org/10.1109/ICICyTA60173.2023.10429025 

Sabiteka, M., Yu, X., & Sun, C. (2025). Toward sustainable education: A contextualized model for educational 
technology adoption for developing countries. Sustainability, 17(8), Article 3592. 
https://doi.org/10.3390/su17083592 

Safran Test Cells’ DACS. (2019). Cyres®, the Data Acquisition and Control System for Test Cells. 
https://tinyurl.com/5d2f4d8x  

Sandanayake, M., Bouras, Y., & Vrcelj, Z. (2022). Environmental sustainability in infrastructure construction—A 
review study on Australian higher education program offerings. Infrastructures, 7(9), 109. 
https://doi.org/10.3390/infrastructures7090109 

Shmelova, T., Sikirda, Y., Yatsko, M., & Kolotusha, V. (2023). Intelligent integrated training system for the aviation 
specialists “Collaborative decision-making – Education” (CDM-E). In International Scientific Symposium 
“Intelligent Solutions” (IntSol-2023), Kyiv–Uzhhorod, Ukraine, CEUR Workshop Proceedings, 3538, 168–180. 
https://ceur-ws.org/Vol-3538/Paper_16.pdf 

Sweeney, J., & Guise, M. (2023, November 28). Building engine test cells. Aerospace Manufacturing & Design. 
https://tinyurl.com/3vk3dkzz  

https://www.doi.org/10.71108/transporttech.vm02is02.01
https://doi.org/10.25147/ijcsr.2017.001.1.54
https://tinyurl.com/4hmva4ve
https://tinyurl.com/ydr4329t
https://doi.org/10.1109/SCM66446.2025.11060246
https://doi.org/10.33330/jurteksi.v9i2.1616
https://doi.org/10.3390/su14031705
https://doi.org/10.55041/ijsrem50354
https://doi.org/10.28989/compiler.v11i2.1257
https://doi.org/10.1017/aer.2024.79
https://tinyurl.com/3ukchcmr
https://doi.org/10.1088/1757-899X/1116/1/012073
https://doi.org/10.1109/ICICyTA60173.2023.10429025
https://doi.org/10.3390/su17083592
https://tinyurl.com/5d2f4d8x
https://doi.org/10.3390/infrastructures7090109
https://ceur-ws.org/Vol-3538/Paper_16.pdf?utm_source=chatgpt.com
https://tinyurl.com/3vk3dkzz


Dela Peña et al., TransportTech, Volume 2, Issue 2, 2025, DOI: 10.71108/transporttech.vm02is02.01 
 

22 
 

Sweeney, J., & Thiel, M. (2022, August 4). When to upgrade engine test cells. Aerospace Manufacturing & Design. 
https://tinyurl.com/29xp2x7f  

Tan, J. H., & Masood, T. (2022). Airport 4.0 – Technology adoption framework for airports (TAFA) [Preprint]. engrXiv. 
https://doi.org/10.31224/osf.io/vcjuh  

Thom, M. (2025, May 16). Project feasibility study: Assessment, analysis, and report types. Galorath Incorporated. 
https://galorath.com/project/feasibility/  

Tornatzky, L. G., & Fleischer, M. (1990). The processes of technological innovation. Lexington Books. 
https://archive.org/details/processesoftechn0000torn 

Triandini, E., Ngurah, G., Wijaya, S., Setyohadi, D., Ketut, I., & Suniantara, P. (2022). Adoption technology at MSME: 
A conceptual model with TOE. In 2022 Seventh International on Informatics and Computing (ICIC) (pp. 1–5). IEEE. 
https://doi.org/10.1109/ICIC56845.2022.10006990 

Wood, A. (2022, May 18). A technical introduction to aircraft fuel systems. AeroToolbox. 
https://aerotoolbox.com/fuel-system/ 

Zhao, H. (2010). Overview of gasoline direct injection engines. Advanced direct injection combustion engine 
technologies and development: Gasoline direct injection engines (pp. 1–36). Woodhead Publishing. 
https://doi.org/10.1533/9781845697327.1 

 

 

  
 

 

 

 

 

 

 

 

 

 

 

 

 

https://www.doi.org/10.71108/transporttech.vm02is02.01
https://tinyurl.com/29xp2x7f
https://doi.org/10.31224/osf.io/vcjuh
https://galorath.com/project/feasibility/
https://archive.org/details/processesoftechn0000torn?utm_source=chatgpt.com
https://doi.org/10.1109/ICIC56845.2022.10006990
https://aerotoolbox.com/fuel-system/
https://doi.org/10.1533/9781845697327.1

	1. Introduction
	2. Literature Review
	2.1. Aircraft Reciprocating Engine Fuel System
	2.2. Engine Test Cell Applications in Aviation Training and MRO
	2.3. Technology Adoption in Aviation
	2.4. Feasibility Assessment Models
	2.5. Sustainability in Aviation Training Facilities
	2.6. Theoretical Framework
	2.7. Conceptual Framework

	3. Method
	3.1. Research Design
	3.2. Data Sources and Participants
	3.3. Data Collection Procedures
	3.4. Analytical Application of Frameworks
	3.5. Data Analysis Procedures

	4. Results and Discussion
	4.1. TELOS Feasibility
	4.2. TOE Adoption Readiness
	4.3. TBL Sustainability Analysis
	4.4. Qualitative Results
	4.4.1. Emerging Themes
	4.4.2. Validation of the Proposed Schematic Diagram

	4.5. Integrated Discussion
	4.6. Recommendations
	4.7. Limitations and Future Research

	5. Conclusions
	Abbreviations
	Conflict of Interest
	Funding
	References

