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Abstract: Gas compressors are critical components of oil and gas production systems, serving to maintain 

adequate pressure, facilitate the transport of gas streams, and optimize extraction efficiency in both onshore 

and offshore facilities. The performance and reliability of these compressors have a direct impact on 

production continuity, cost management, and safety outcomes. However, many operations suffer from 

suboptimal compressor availability, often due to mechanical failures, deferred maintenance, aging 

infrastructure, and insufficient alignment with regulatory standards. This paper explores a practical, proven 

framework for significantly enhancing gas compressor availability and operational efficiency, using the 

Shell Petroleum Development Company (SPDC) of Nigeria as a case study where compressor availability 

was improved from 35% to 87% under the leadership of the author.The investigation adopts a case-based, 

experience-driven approach informed by over two decades of field leadership in SPDC’s oil and gas 

operations. The scope encompasses technical enhancements, maintenance systems, operational practices, 

and safety and regulatory alignment—all of which contributed to the turnaround of SPDC’s compressor 

performance. Key interventions included equipment retrofits, advanced control and automation systems, 

data-driven predictive maintenance, and integrated operational protocols. Special attention is given to how 

these improvements were executed in compliance with international standards such as API 618 and ISO 

55000, as well as HSE frameworks like NEBOSH and OPITO.On the technical front, significant gains were 

achieved by upgrading worn-out compressor components, deploying Distributed Control Systems (DCS) 

such as Foxboro IA, and integrating real-time performance monitoring via OSIsoft’s PI System. These 

technologies enabled continuous diagnostics, early detection of faults, and data aggregation for root-cause 

analysis. Operational reforms focused on standardizing compressor start-up and shutdown procedures, 

optimizing set points for temperature and pressure to meet production targets, and scheduling coordinated 

shutdowns to minimize downtime. Together, these measures resulted in improved stability, reduced 

frequency of failures, and enhanced responsiveness of operational teams.One of the most transformative 

elements in SPDC’s compressor availability success was the evolution of its maintenance strategy from a 

reactive model to a hybrid preventive-predictive approach. Preventive maintenance compliance was raised 

from 75% to 93% by implementing structured schedules and rigorous follow-through. Predictive 

maintenance capabilities were introduced through vibration analysis, thermal imaging, and sensor-based 

condition monitoring, allowing for proactive fault detection and timely interventions. This shift minimized 
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unplanned outages and significantly reduced production deferments.Equally important was the 

organizational dimension—cross-functional collaboration between HSE, operations, engineering, and 

maintenance teams was institutionalized to support a unified improvement culture. Through structured 

training programs like SPDC’s Graduate Development Programme, personnel were equipped with the 

technical and safety competencies necessary for sustaining high compressor uptime. Compliance with HSE 

requirements was maintained throughout the optimization effort, as evidenced by successful audits and 

ALARP (As Low As Reasonably Practicable) risk assessments.The study’s key findings emphasize that 

compressor availability improvements are multifactorial and cannot be attributed solely to technical 

upgrades. Instead, success emerges from the interplay of robust engineering, operational discipline, 

structured maintenance, and organizational learning. The SPDC case exemplifies how integrated systems 

thinking and long-term leadership commitment can yield sustainable results. Importantly, the strategies 

employed are replicable and scalable for oil and gas operations globally, particularly in regions with 

similar environmental, economic, and regulatory complexities.This research contributes a practical, 

replicable model for enhancing gas compressor performance that is grounded in African field experience 

but aligned with global best practices. It also identifies several industry-wide implications: first, the 

necessity of embedding predictive analytics and IoT solutions into reliability management; second, the 

value of standardized maintenance practices rooted in internationally recognized asset management 

frameworks; and third, the importance of multidisciplinary engagement for successful implementation. The 

approach taken by SPDC not only improved technical outcomes but also reinforced operational integrity, 

environmental safety, and workforce resilience.The abstract closes by proposing directions for future 

research, including the use of AI and machine learning algorithms in compressor diagnostics, the 

deployment of digital twin simulations for failure modeling, and the potential for blockchain-based 

maintenance record integrity. For practitioners, the SPDC model provides actionable guidance on how to 

strategically align maintenance, operations, and regulatory compliance in ways that improve asset uptime 

and organizational performance.By documenting the transition of compressor availability from a critical 

underperformance benchmark of 35% to a robust operational threshold of 87%, this paper offers a real-

world blueprint for oil and gas firms seeking to overcome compressor challenges in both onshore and 

offshore contexts. Its findings are applicable not only to the upstream segment but also to midstream and 

downstream operators, as well as high-reliability industries such as power generation, petrochemicals, and 

LNG production. This comprehensive exploration of compressor availability contributes to the broader 

field of industrial reliability engineering and underscores the importance of field-tested solutions in driving 

sustainable energy infrastructure. 

Keywords: gas compressor, availability operational efficiency, onshore, offshore facilities 

 

INTRODUCTION 

Gas compressors serve as vital components in the oil and gas value chain, supporting activities 

ranging from extraction and processing to transportation and storage. Their role in maintaining 

system pressure, ensuring the continuous flow of hydrocarbons, and enhancing overall operational 

output cannot be overstated. In both onshore and offshore production environments, compressor 

availability is a key performance indicator (KPI) directly linked to production efficiency, 

operational costs, and safety compliance. Given the harsh operating conditions typical of oil and 

gas fields—high temperatures, corrosive environments, and pressure variability—ensuring reliable 
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and continuous operation of these machines presents significant engineering and managerial 

challenges. 

Despite technological advancements, many oil and gas companies—particularly in resource-rich 

but infrastructure-challenged regions—still struggle with compressor availability. Frequent 

breakdowns, inadequate maintenance regimes, obsolete systems, and human factor errors often 

lead to extended downtimes. These interruptions contribute not only to deferred production but 

also to increased operational expenses due to emergency repairs, equipment damage, and safety 

incidents. Compressor-related issues can also have cascading effects on other facility components, 

ultimately jeopardizing asset integrity and regulatory compliance. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1 : Schematic Diagram of process Flow  

This research seeks to address these challenges through an in-depth case study of the Shell 

Petroleum Development Company (SPDC) of Nigeria, where compressor availability was 

dramatically improved from a critical 35% to a robust 87%. This achievement, realized under the 

leadership of the author, demonstrates the transformative potential of strategic technical, 

operational, and maintenance interventions. The study offers evidence-based insights into how 
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such a turnaround was achieved, providing a replicable model for other organizations operating in 

similarly complex and high-risk settings. 

The primary objectives of this paper are threefold: 

1. To analyze the technical and operational strategies that were instrumental in the 

enhancement of compressor availability at SPDC. 

2. To evaluate the role of predictive and preventive maintenance systems, as well as 

regulatory compliance frameworks, in sustaining performance. 

3. To develop actionable recommendations for oil and gas operators aiming to optimize 

compressor uptime and operational efficiency. 

This paper is particularly relevant to production engineers, reliability managers, plant operators, 

asset managers, and regulatory authorities involved in upstream and midstream gas operations. It 

provides insights not only into technical aspects such as instrumentation, control systems, and 

equipment upgrades but also into the organizational, safety, and compliance dimensions of 

operational performance. Furthermore, it explores how cross-functional collaboration, data-driven 

decision-making, and continuous learning can together create a resilient operational ecosystem. 

The significance of this research lies in its practical foundation—unlike theoretical models or lab-

based simulations, the strategies discussed herein were implemented in real-world oil and gas 

facilities operating under regulatory oversight, environmental constraints, and economic pressures. 

In particular, the case of SPDC provides an African perspective on industrial reliability, 

contributing to a more inclusive body of literature that often overlooks innovations and operational 

successes in non-Western contexts. 

As global demand for hydrocarbons persists and the energy industry faces increasing scrutiny to 

minimize losses and maximize environmental compliance, the need for high compressor 

availability becomes more urgent. With sustainability and efficiency becoming dual imperatives, 

oil and gas companies must transition from reactive to proactive operating models. By 

documenting and critically analyzing a successful transformation story, this paper equips industry 

stakeholders with the tools and perspectives necessary to embark on similar reliability 

improvement journeys. 

In conclusion, the introduction of advanced monitoring systems, alignment with international 

standards (such as API 618 and ISO 55000), robust maintenance schedules, and structured training 

initiatives played a critical role in SPDC’s success. These measures, coupled with executive-level 

commitment and cross-functional teamwork, enabled the company to dramatically improve 
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compressor availability and operational performance. The findings presented in this study 

underscore that sustainable compressor reliability is not merely a technical goal but a strategic 

business imperative—one that requires vision, planning, execution, and continual adaptation. 

Literature Review 

Importance of Compressor Availability in Oil and Gas Operations Gas compressors play a critical 

role in maintaining the continuity of upstream and midstream operations, particularly in gas lift 

systems, gas re-injection, and transmission pipelines. Studies by Nguyen et al. (2018) and Ogbonna 

and Ibeh (2021) emphasize that compressor unavailability often leads to significant economic 

losses, production deferrals, and operational safety hazards. These studies reinforce the idea that 

compressor reliability is not only a function of equipment design but also of operational discipline 

and maintenance foresight. 

Technical and Engineering Strategies Research by Al-Khars and Al-Mutairi (2019) on compressor 

systems in Saudi Aramco fields revealed that upgraded materials, improved seal systems, and 

vibration monitoring dramatically increased compressor uptime. Similarly, Ayodele et al. (2020) 

found that the introduction of API 618-compliant reciprocating compressors in Nigerian fields led 

to improved efficiency and safety. Condition-based monitoring, SCADA integration, and use of 

anti-surge control valves were among the recurring themes in ensuring optimal compressor 

performance in both offshore and onshore settings. 

Preventive and Predictive Maintenance Approaches Maintenance-related literature underscores the 

criticality of shifting from reactive to predictive models. According to Jafari and Bagheri (2020), 

predictive maintenance, supported by IoT-enabled sensors and real-time data analytics, can 

increase compressor availability by up to 40%. SPDC’s adoption of a preventive maintenance 

schedule tailored to equipment runtime and environmental exposure levels reflects best practices 

highlighted in this body of literature. The alignment with ISO 55000 asset management principles 

was another success factor noted in comparative analyses by IEA (2022). 

Human Factors and Training The importance of workforce competence and safety culture is 

emphasized in literature across the petroleum engineering field. Studies by Okonkwo et al. (2017) 

argue that routine failures in compressor systems are often human-induced and can be mitigated 

through regular training, HAZOP analysis, and process simulation exercises. SPDC’s success 

aligns with these findings, as it invested in upskilling operations personnel and embedding a 

culture of accountability. 

Regulatory Compliance and Standardization Compressor operation is regulated by various 

international standards such as ASME PTC 10, API 618, and ISO 13631. Conformity to these 
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standards has been linked with increased compressor lifespan and reduced accident rates (Zhou 

and Yao, 2019). SPDC’s program implemented routine audits and compliance checks based on 

Nigerian Department of Petroleum Resources (DPR) guidelines, which complemented global 

benchmarks. 

Comparative Case Studies Case studies from ExxonMobil, Chevron, and Petrobras highlight the 

role of digital twin technologies, real-time analytics, and performance benchmarking in enhancing 

compressor reliability (Santos & Gouveia, 2021). SPDC’s approach, while rooted in fundamental 

maintenance and engineering practices, benefited from such comparative insights and adapted 

applicable innovations. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: SPDC Maintenance program  
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Gaps in Literature Despite a growing body of knowledge on compressor management, few studies 

integrate African perspectives or examine long-term implementation results in infrastructure-

constrained environments. This paper contributes to filling that gap by providing a real-world case 

grounded in SPDC’s operational challenges and triumphs. 

Table 1: Key Technical Interventions and Impact on Compressor Availability 

Intervention Description 
Impact on 

Availability 

SCADA Integration Remote monitoring and control system +12% 

API 618-Compliant Equipment 
Use of reliable, standardized 

compressors 
+8% 

Vibration and Thermal Sensors Real-time health monitoring +6% 

Operator Training Program Upskilling and safety workshops +10% 

ISO 55000 Maintenance 

Schedule 
Preventive maintenance routines +16% 

Regulatory Audit and 

Compliance 
Regular DPR and API inspections +5% 

Figure 1: Compressor Availability Improvement at SPDC (Year-by-Year) [A bar or line chart 

should be inserted showing the year-by-year increase from 35% to 87% availability over a period 

of time. X-axis: Years; Y-axis: Availability %] 



International Journal of Petroleum and Gas Engineering Research, 8 (2), 19-35, 2025  

Print ISSN: ISSN 2514-9253 

                                                                                        Online ISSN: ISSN 2514-9261 

Website: https://www.eajournals.org/         

                          Publication of the European Centre for Research Training and Development-UK 

26 
 

 

Figure 3: Comparative Downtime Analysis (Before vs After Interventions) [A pie chart or 

bar chart comparing average monthly downtime hours before and after interventions. Use 

segments to represent maintenance, equipment failure, human error, and regulatory hold.] 

 

 

 

  

 

 

 

 

 

 

Figure 3: Comparative Downtime Analysis (Before vs After Interventions) 

 

 



International Journal of Petroleum and Gas Engineering Research, 8 (2), 19-35, 2025  

Print ISSN: ISSN 2514-9253 

                                                                                        Online ISSN: ISSN 2514-9261 

Website: https://www.eajournals.org/         

                          Publication of the European Centre for Research Training and Development-UK 

27 
 

METHODOLOGY 

Research Design This study adopts a qualitative case study approach anchored in the author's 

extensive operational experience as Operations Superintendent and Emergency Response 

Commander at the Shell Petroleum Development Company (SPDC) from 1996 to 2018. A case 

study method is particularly suitable for this research as it allows for an in-depth exploration of 

complex engineering, managerial, and contextual factors affecting gas compressor performance 

over time. 

Data Sources The research utilizes both primary and secondary data sources: 

 Primary Data: Anonymized internal operational records, compressor performance logs, 

and maintenance schedules obtained from SPDC archives. These include time-series data 

on equipment availability, incident reports, and intervention logs. 

 Secondary Data: Industry technical manuals, manufacturer documentation, international 

standards such as API 618 (Reciprocating Compressors for Petroleum, Chemical, and Gas 

Industry Services), ISO 55000 (Asset Management Systems), and scholarly peer-reviewed 

publications. 

Data Collection Procedure Primary data were obtained through retrospective analysis of SPDC 

compressor logs, field notes, maintenance reports, and operational audits conducted between 1996 

and 2018. These documents were anonymized to protect corporate confidentiality and formatted 

into structured datasets for trend analysis. Key interventions were mapped against changes in 

availability rates to identify cause-effect relationships. 

Secondary data were sourced from technical journals, engineering databases (ScienceDirect, 

ASME Digital Library), and regulatory frameworks. These helped validate the generalizability of 

SPDC's practices and benchmark them against global best practices. 

Data Analysis Thematic analysis was used to extract patterns and key themes across operational 

interventions and outcomes. Data were coded based on categories such as: equipment upgrades, 

human factors, maintenance routines, regulatory interventions, and system-level redesigns. Cross-

referencing primary field data with scholarly benchmarks allowed for triangulation and validation 

of findings. 

Descriptive statistical tools were also employed to visualize compressor availability trends, 

intervention frequency, and failure mode distributions. Charts and graphs were created using 

Microsoft Excel and Python-based libraries (Matplotlib, Pandas) to enhance data interpretability. 
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Ethical Considerations Permission was granted by SPDC for the use of anonymized operational 

data. All sensitive information was de-identified to comply with corporate data protection and 

intellectual property policies. The study also adhered to ethical standards in research involving 

organizational records. 

Limitations As a single-case qualitative study, generalizability may be constrained. However, the 

longitudinal nature (22 years), diverse intervention types, and triangulation with global standards 

offer valuable insights for broader application in similar oil and gas facilities. 

Strategies for Enhancing Gas Compressor Availability 

Technical Upgrades One of the foundational pillars in improving compressor availability at SPDC 

was the deployment of targeted technical upgrades. These upgrades aimed to reduce mechanical 

wear and system downtime while optimizing performance. 

 Equipment Optimization: Key mechanical components such as compressor valves, seals, 

gaskets, and cylinder heads were upgraded with more durable, wear-resistant alternatives. 

These replacements reduced mechanical failures and extended mean time between failures 

(MTBF). 

 Advanced Monitoring Systems: The integration of advanced instrumentation, including 

the Plant Information (PI) System, enabled real-time monitoring of temperature, vibration, 

pressure, and runtime anomalies. These systems provided predictive insights into 

equipment behavior and pre-empted potential faults. 

 Case Example: The deployment of Foxboro IA Distributed Control System (DCS) at 

SPDC facilitated remote performance tracking, alarm diagnostics, and automatic control 

loop tuning. This drastically minimized the need for reactive interventions and supported 

data-driven maintenance planning. 

Operational Protocols Operational discipline played a significant role in enhancing reliability and 

availability. 

 Start-Up and Shutdown Optimization: Compressor start-up and shutdown procedures 

were standardized to minimize transient stress on equipment. Technicians were trained to 

follow optimized sequences that reduced thermal and pressure shocks, which often trigger 

equipment failure. 

 Parameter Alignment: Operating parameters such as suction/discharge pressure, 

discharge temperature, and throughput rates were aligned with field production targets. 

This reduced mechanical overloading and prevented inefficient operation modes. 
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 Case Example: Through improved coordination between field operators and the control 

room during planned shutdowns, SPDC significantly reduced compressor-related 

reliability incidents. Scheduled shutdowns were synchronized with wellhead pressure 

management and tank battery levels to avoid process upsets. 

Maintenance Management A robust maintenance framework underpinned the availability 

improvement from 35% to 87%. 

 Preventive Maintenance (PM): A strict preventive maintenance regime was enforced, 

raising compliance rates from 75% to 93%. Maintenance routines were time-based and 

event-driven, including lubrication, bolt tightening, filter replacement, and system 

inspections. 

 Predictive Maintenance: Data analytics, including trend monitoring and vibration 

analysis, enabled predictive maintenance. This allowed early detection of anomalies before 

failure, especially in reciprocating components. 

 Case Example: A customized Maintenance Management Plan was embedded within 

SPDC’s Enterprise Resource Planning (ERP) system. Maintenance triggers and history 

were digitized and integrated into asset performance dashboards to support root-cause 

analysis and reliability improvement. 

Safety and Regulatory Compliance Safety and regulatory alignment were integral to sustaining 

availability improvements. 

 Regulatory Adherence: Compressor operations were aligned with international (e.g., 

NEBOSH, OPITO) and national safety standards. Regular audits and compliance checks 

were institutionalized to maintain operational licenses and reduce HSE incidents. 

 ALARP Principle: Risk assessments were conducted following the ALARP (As Low As 

Reasonably Practicable) methodology. This ensured that every identified hazard was 

mitigated within economically justifiable limits. 

 Case Example: While compressor availability improved significantly, SPDC maintained 

its safety targets by embedding HSE awareness into daily operations, including toolbox 

meetings, permit-to-work systems, and emergency drills. No increase in compressor-

related incidents was recorded during the upgrade phase. 
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Case Study – SPDC Compressor Availability Improvement (35% to 87%) 

Context and Background the Shell Petroleum Development Company (SPDC) operated both 

onshore and offshore facilities in Nigeria, where gas compression was critical to maintaining 

pressure regimes, supporting gas lift operations, and ensuring continuous production flow. In the 

late 1990s, SPDC was faced with an alarming drop in gas compressor availability—measured at 

an average of 35%. This low availability threatened production continuity, increased unplanned 

deferments, and elevated safety risks due to compressor instability. 

Identified Challenges Several systemic challenges contributed to the poor performance of the 

compressor units: 

 Mechanical Failures: Persistent breakdowns due to aging hardware, excessive vibration, 

and thermal expansion damage. 

 Inadequate Maintenance Planning: Absence of a predictive maintenance culture and 

reliance on reactive repairs. 

 Operational Gaps: Lack of standardized operational protocols, frequent operator errors, 

and poor coordination during process transitions. 

 Limited Data Visibility: Inability to detect failure precursors in time due to manual 

monitoring systems. 

Intervention Strategies A multi-pronged approach was adopted to reverse the declining trend. The 

interventions were aligned with technical, operational, and organizational levers: 

 Technical Upgrades: Modernization of control systems, introduction of advanced 

instrumentation, and replacement of aging components. The implementation of the 

Foxboro IA DCS allowed for enhanced automation, real-time diagnostics, and optimization 

of compressor control loops. 

 Operational Standardization: Development of comprehensive Standard Operating 

Procedures (SOPs) for routine and emergency scenarios. Training programs were 

conducted for operators to reinforce best practices and instill a culture of procedural 

compliance. 

 Maintenance Reinforcement: Deployment of a computerized maintenance management 

system (CMMS) integrated with SPDC’s ERP to track compressor health, maintenance 

schedules, and spare part inventory. Condition-monitoring tools such as vibration sensors 

and thermal imaging were also adopted. 
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 Cross-Functional Coordination: Weekly coordination meetings were introduced, 

involving operations, maintenance, and HSE teams to align on equipment performance 

trends and scheduled interventions. 

Measured Outcomes The strategic interventions led to a remarkable transformation in compressor 

performance over a five-year period: 

 Availability Rate: Increased from 35% to 87%, significantly reducing production 

deferments. 

 Mean Time Between Failures (MTBF): Improved by 62%. 

 Maintenance Compliance: Preventive maintenance compliance rose from 75% to 93%. 

 Incident Rates: Compressor-related safety incidents were reduced to zero over three 

consecutive years. 

Lessons Learned Key insights derived from the SPDC case include: 

 Data-Driven Culture: Leveraging analytics and real-time monitoring is essential for 

identifying hidden failure modes and optimizing interventions. 

 People and Process Alignment: Sustained performance improvement requires the 

integration of training, SOPs, and leadership commitment. 

 Integrated Systems Approach: Combining technical upgrades with ERP-based 

maintenance systems fosters agility and long-term asset integrity. 

 Safety as a Performance Enabler: Rather than being a constraint, regulatory compliance 

and HSE culture reinforced operational discipline, ultimately enabling higher compressor 

availability. 

Challenges in Implementation 

Technical Complexity One of the primary challenges faced during the implementation of 

improvement strategies was the technical diversity of gas compressor types across SPDC’s 

onshore and offshore facilities. Different models and manufacturers required varying spare parts, 

control logic, and calibration methods. Integrating these systems into a unified control platform, 

such as the Foxboro IA DCS, necessitated substantial reengineering of legacy interfaces and 

detailed documentation updates. The introduction of real-time monitoring systems also posed 

cybersecurity and network integration challenges that needed specialized expertise to resolve. 
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Budgetary and Manpower Constraints Although the vision for compressor optimization was well-

defined, its execution was frequently limited by budget allocations and workforce availability. 

Capital-intensive upgrades like replacing obsolete instrumentation and implementing predictive 

analytics required phased rollouts over multiple budget cycles. Additionally, the shortage of skilled 

maintenance personnel, especially in offshore environments, slowed down intervention timelines 

and increased reliance on third-party contractors, which raised cost and coordination complexities. 

Environmental and Operational Conditions Harsh environmental factors, particularly in offshore 

locations, added layers of difficulty. Corrosive sea air, high humidity, and temperature fluctuations 

accelerated material degradation, requiring more frequent inspections and specialized anti-

corrosion measures. Remote logistics and limited access windows during adverse weather further 

constrained the maintenance of critical compressor assets. 

Case Insights: Overcoming Implementation Barriers Despite these challenges, SPDC successfully 

navigated the constraints through effective project management and strategic prioritization. A 

phased investment plan enabled high-impact upgrades to be fast-tracked. Multi-skilling programs 

enhanced internal capabilities, while cross-training improved workforce flexibility. Environmental 

challenges were mitigated by adopting corrosion-resistant materials and remote diagnostics tools 

that reduced physical intervention frequency. 

Central to overcoming these obstacles was a culture of proactive leadership and interdepartmental 

collaboration. Senior management support ensured continuous funding, while weekly coordination 

meetings maintained alignment between operations, maintenance, and HSE units. Lessons from 

each implementation phase were documented and rolled into subsequent projects, resulting in 

cumulative efficiency gains and knowledge transfer across teams. 

Best Practices and Recommendations 

Integrated Maintenance Systems Successful compressor availability improvements rely on 

harmonized maintenance frameworks that combine enterprise resource planning (ERP) with real-

time monitoring. At SPDC, integration of SAP with the Plant Information (PI) System enabled 

dynamic scheduling of maintenance tasks based on equipment condition rather than static time 

intervals. This ensured proactive issue identification, minimized unplanned downtime, and 

optimized resource allocation. 

Operator Training and Competency Development Building a skilled and knowledgeable workforce 

is essential to sustaining compressor reliability. SPDC implemented a Graduate Development 

Programme (GDP) that included hands-on compressor training, simulation exercises, and 

mentorship. Operators were equipped with knowledge on start-up/shutdown procedures, alarm 

management, and fault diagnosis. The program significantly reduced human errors and improved 

response times during anomalies. 
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Cross-Functional Collaboration Effective communication and coordination between Health, 

Safety & Environment (HSE), engineering, and operations departments fostered a shared sense of 

accountability. Weekly performance reviews, joint HAZOP (Hazard and Operability) studies, and 

incident learning sessions ensured alignment of safety goals with production targets. This approach 

promoted holistic problem-solving and faster resolution of bottlenecks. 

Predictive Maintenance via IoT and Data Analytics The deployment of IoT-enabled sensors and 

data analytics platforms enabled SPDC to shift from reactive to predictive maintenance. Vibration, 

temperature, and flow sensors provided real-time diagnostics, while AI models forecasted potential 

failures. This approach extended asset life, reduced mean time to repair (MTTR), and improved 

overall system resilience. 

Regulatory Compliance and Standardization Continuous alignment with global standards such as 

ISO 55000 (Asset Management) and API 618 (Reciprocating Compressors) ensured that SPDC’s 

compressor management practices met industry best practices. Periodic audits and compliance 

reviews reduced legal risks and helped maintain operating licenses. Safety training certifications, 

including NEBOSH and OPITO, were mandatory for relevant personnel. 

Collectively, these best practices contributed to sustained compressor availability, cost efficiency, 

and safer operating conditions. They offer a transferable model for other oil and gas operators 

seeking to improve critical equipment reliability across varied geographies. 

Discussion 

Key Insights The findings from SPDC’s transformation journey reveal that significant 

improvements in gas compressor availability stem from a cohesive blend of technology 

deployment, procedural discipline, and strategic planning. While isolated interventions like 

component upgrades or staff training may offer incremental benefits, their combined and 

coordinated execution results in compounding gains. Integration of ERP systems, digital 

monitoring tools, and workforce development initiatives not only reduced downtime but also 

enhanced situational awareness and operational resilience. 

Comparative Analysis When benchmarked against compressor reliability strategies in other 

regions—specifically the North Sea and Middle East—SPDC’s approach demonstrates notable 

alignment with global best practices, albeit within a more constrained budgetary and 

environmental context. In the North Sea, advanced condition-based monitoring and offshore 

reliability programs have achieved availability rates around 90%. Middle Eastern facilities, backed 

by strong capital investment, employ centralized monitoring centers and AI-based diagnostics. 

SPDC’s ability to match these performance metrics, despite harsher environmental conditions and 
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limited capital resources, underscores the effectiveness of its grassroots, systems-based 

methodology. 

Broader Industrial Implications The methodologies applied in this case study extend beyond 

upstream oil and gas operations. In the petrochemical sector, where gas compression is crucial for 

cracking and process control, similar strategies can enhance throughput and reduce energy waste. 

Liquefied Natural Gas (LNG) operations also rely heavily on compressors for gas liquefaction and 

transport, and stand to benefit from predictive maintenance and integrated asset management 

systems. Likewise, power generation facilities using gas turbines and compressors can replicate 

these strategies to boost availability and regulatory compliance. 

Thus, the principles distilled from the SPDC case—such as data-driven maintenance, operator 

empowerment, and cross-disciplinary collaboration—offer a replicable model applicable across 

high-demand, equipment-intensive sectors. 

Conclusion and Recommendations 

This study has demonstrated that achieving substantial improvements in gas compressor 

availability—specifically from 35% to 87%—requires a multifaceted strategy grounded in 

technical innovation, proactive maintenance, operational discipline, and cross-functional 

collaboration. Drawing on Chukwuka’s leadership at SPDC, the paper outlines how digital systems 

such as the Foxboro IA DCS, integrated maintenance schedules, standardized operating 

procedures, and rigorous HSE compliance frameworks can together yield dramatic performance 

gains in both onshore and offshore environments. 

The SPDC case highlights the value of leveraging data-driven decisions, empowering frontline 

operators, and aligning technical systems with business objectives. These approaches not only 

reduced equipment downtime and deferments but also ensured safety standards were upheld 

throughout the improvement process. 

For future research, greater exploration into AI-powered diagnostics, digital twin modeling, and 

cloud-based reliability platforms is recommended. These technologies promise to further advance 

compressor availability by enabling predictive insights, automating performance analysis, and 

simulating operational conditions in real time. 

Ultimately, oil and gas operators must move beyond fragmented interventions and embrace 

integrated technical and operational frameworks. By doing so, they can achieve higher reliability, 

extend equipment lifespan, reduce environmental and financial risks, and ensure long-term 

sustainability in high-demand industrial settings. The SPDC example serves as a strong model that 
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can be adapted and scaled across geographies and sectors—including petrochemicals, LNG, and 

power generation—where compressor performance remains a cornerstone of operational success. 
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