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ABSTRACT: In the rapidly evolving landscape of nonconventional technologies, effective project management depends on risk 
assessment strategies that can address high uncertainty, complex interdependencies, and limited historical data. Traditional approaches 
often underperform in innovative environments such as renewable energy systems, where technical novelty and operational variability 
increase the likelihood of schedule, cost, and performance deviations. This paper presents an applied perspective on advanced risk 
assessment in project management through a case study involving the integration of Internet of Things (IoT) sensors in a wind turbine 
and the deployment of software that combines IoT data streams with artificial intelligence (AI) to enable preventative maintenance. 
The approach integrates structured qualitative techniques (expert elicitation, risk workshops, and risk registers) with quantitative and 
data-driven methods, including scenario analysis, probabilistic reasoning, and continuous monitoring using machine learning-based 
anomaly detection. The case study illustrates how real-time risk intelligence supports earlier identification of degradation patterns, 
improved prioritization of maintenance actions, and more adaptive response planning across the project lifecycle. As a result, the 
analyzed implementation demonstrates improved operational quality through higher asset availability and more predictable service 
delivery, while also contributing to increased customer satisfaction through enhanced transparency and reliability. The findings support 
the conclusion that embedding advanced, data-driven risk assessment methodologies into project governance strengthens resilience 
and improves outcomes in nonconventional technology projects. 
KEYWORDS: Advanced risk assessment, Nonconventional technologies, Wind turbine maintenance, IoT and AI integration, 
Continuous risk monitoring

1. INTRODUCTION 
The increasing adoption of nonconventional 
technologies across industries such as renewable 
energy, advanced manufacturing, and digitalized 
infrastructure has significantly transformed the 
landscape of modern project management. These 
technologies are characterized by high levels of 
innovation, complex system interactions, limited 
operational history, and rapidly evolving technical 
and regulatory requirements. While they offer 
substantial opportunities for efficiency, 
sustainability, and competitiveness, they also 
introduce significant uncertainty and risk that can 
negatively impact project performance if not properly 
managed. As a result, effective risk assessment has 
emerged as a critical capability for ensuring the 
success and long-term viability of projects involving 
nonconventional technologies. 
Traditional risk assessment approaches in project 
management are generally designed for relatively 
stable and predictable environments, where historical 

data, standardized processes, and proven 
technologies support deterministic planning and 
control. In contrast, nonconventional technology 
projects often lack reliable reference data and are 
exposed to dynamic external influences, including 
market volatility, regulatory changes, technological 
maturation, and stakeholder expectations. In such 
contexts, risks tend to be systemic rather than 
isolated, with strong interdependencies between 
technical components, organizational processes, and 
external conditions. These characteristics limit the 
effectiveness of static, probability–impact-based risk 
matrices and emphasize the need for more advanced, 
adaptive strategies. 
Renewable energy projects, particularly wind energy 
systems, provide a representative example of the 
challenges associated with nonconventional 
technologies. Wind turbines operate in highly 
variable environmental conditions and are subject to 
complex mechanical loads, material fatigue, and 
performance degradation over time. From a project 
management perspective, risks associated with 
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unplanned downtime, maintenance inefficiencies, 
safety incidents, and fluctuating energy output 
directly affect project objectives related to cost, 
schedule, quality, and stakeholder satisfaction. The 
growing scale and geographical dispersion of wind 
farms further increase the difficulty of risk 
monitoring and control using conventional 
inspection‑based maintenance models. 
Recent advancements in digital technologies have 
created new possibilities for addressing these 
challenges through data‑driven risk assessment. The 
integration of Internet of Things (IoT) sensors enables 
continuous monitoring of critical system parameters, 
while artificial intelligence (AI) techniques support 
advanced analytics, pattern recognition, and 
predictive insights. When embedded within project 
risk management processes, these technologies 
contribute to a shift from reactive and preventive 
maintenance toward predictive and risk‑based 
maintenance strategies. This transformation allows 
project teams to detect emerging risks earlier, assess 
their potential impact more accurately, and 
implement targeted mitigation actions before failures 
occur. 
Despite the growing technological maturity of IoT 
and AI solutions, their integration into project 
management risk assessment frameworks remains 
insufficiently explored in empirical research. Existing 
studies largely focus either on technical performance 
optimization or on conceptual risk management 
models, with limited attention to real‑world 
applications that combine advanced technologies 
with structured project management practices. 
Consequently, there is a need for applied case studies 
that demonstrate how advanced risk assessment 
strategies can be operationalized in nonconventional 
technology projects and how these strategies affect 
both technical outcomes and stakeholder‑oriented 
performance indicators. 
Against this backdrop, the present paper aims to 
address this gap by examining the application of 
advanced risk assessment strategies within a 
real‑world wind turbine project that integrates IoT 
sensors and AI‑based software to support 
preventative maintenance. The case study illustrates 
how qualitative techniques, such as expert elicitation 
and structured risk identification, can be combined 
with quantitative and data‑driven methods to enable 
continuous risk monitoring and adaptive project 
control. In addition to technical risk reduction, 
particular attention is given to the impact of the 
implemented solution on perceived quality and 
customer satisfaction, which are increasingly 

recognized as critical success factors in complex 
renewable energy projects. 
The contribution of this paper is twofold. First, it 
extends existing research on risk assessment in 
nonconventional technologies by providing an 
integrated framework that combines traditional 
project management principles with advanced digital 
tools. Second, it offers empirical evidence of the 
benefits of IoT‑ and AI‑enabled risk assessment 
through a practical case study, highlighting its 
relevance for both project managers and 
decision‑makers in renewable energy and other 
innovation‑driven sectors. By doing so, the paper 
supports the argument that advanced, data‑driven risk 
assessment methodologies are not only technically 
feasible but also strategically valuable in enhancing 
project performance, operational quality, and 
customer satisfaction in nonconventional technology 
environments. 

2. LITERATURE REVIEW 
The growing deployment of nonconventional 
technologies has intensified scholarly interest in risk 
assessment approaches capable of addressing 
uncertainty, complexity, and rapid technological 
change. Unlike conventional projects, where risks are 
typically well understood and supported by extensive 
historical data, nonconventional technology projects 
operate in environments characterized by evolving 
requirements, system interdependencies, and 
incomplete knowledge. As a result, research has 
increasingly highlighted the limitations of traditional 
risk assessment methods and the need for more 
advanced, adaptive strategies within project 
management. 
Early risk assessment literature primarily focused on 
qualitative techniques such as checklists, expert 
judgment, and probability–impact matrices. While 
these methods remain valuable for structured risk 
identification, their effectiveness in nonconventional 
contexts is constrained by subjectivity and static 
assumptions. Several studies note that qualitative 
assessments alone are insufficient to capture 
cascading effects, feedback loops, and dynamic risk 
exposure in complex technological systems. [1] This 
shortcoming has led to the progressive integration of 
quantitative and probabilistic approaches that allow 
uncertainty to be expressed in terms of distributions 
rather than fixed estimates. 
Among quantitative techniques, Monte Carlo 
simulation has received significant attention for its 
applicability to cost and schedule risk analysis. By 
propagating uncertainty across interconnected tasks 
and parameters, Monte Carlo methods provide 
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probabilistic insight into potential project outcomes. 
[2] Similarly, Bayesian networks have been applied 
to model causal dependencies between technical, 
organizational, and environmental risk factors, 
offering the advantage of updating risk estimates 
dynamically as new evidence becomes available. [3] 
Scenario analysis further complements these 
approaches by enabling the exploration of plausible 
future conditions, particularly in environments 
affected by regulatory changes, technology 
maturation, or market volatility. 
Despite their analytical rigor, quantitative techniques 
face challenges in nonconventional technology 
projects due to limited data availability and model 
uncertainty. To address this limitation, recent 
literature emphasizes hybrid risk assessment 
frameworks that combine qualitative expert-based 
inputs with quantitative models. Expert elicitation 
techniques are increasingly used not only for initial 
risk identification but also to support parameter 
estimation, model validation, and scenario definition. 
This integration allows tacit knowledge and 
experiential insights to be embedded into formal risk 
models, enhancing their relevance and 
interpretability. 
A conceptual synthesis of these approaches is often 
presented in the form of iterative risk management 
frameworks, which emphasize continuous 
reassessment rather than linear, stage-gated 
processes. Such frameworks align with standards 
such as ISO 31000 and project management bodies of 
knowledge, while extending them through feedback 
loops and learning mechanisms. Figure 1 illustrates a 
generalized iterative risk assessment framework 
widely discussed in the literature, in which risk 
context definition, identification, analysis, response 
planning, and monitoring are linked in a continuous 
cycle. [4] This perspective is particularly relevant for 
nonconventional technologies, where risk profiles 
evolve alongside technological development and 
operational experience. 

 
Figure 1. Iterative risk assessment framework for 

nonconventional technology projects 

More recently, the digital transformation of industrial 
systems has reshaped academic discourse on risk 
assessment. The proliferation of Internet of Things 
(IoT) technologies enables continuous data collection 
from physical assets, while advances in artificial 
intelligence (AI) and machine learning support real-
time analytics and predictive modeling. Research 
increasingly demonstrates how these technologies 
can shift risk management from reactive or periodic 
assessment toward continuous monitoring and early 
warning systems. In this context, risk is no longer 
evaluated solely at predefined milestones but is 
dynamically updated based on operational data 
streams. 
In renewable energy projects, and wind energy 
systems in particular, digital technologies have been 
applied predominantly for performance optimization, 
condition monitoring, and predictive maintenance. 
However, their integration into structured project risk 
management frameworks remains fragmented in the 
literature. Many studies focus on technical benefits 
such as fault detection accuracy or maintenance cost 
reduction, with limited discussion of how these 
capabilities support broader project objectives, 
decision-making processes, or stakeholder 
satisfaction. Consequently, there is a lack of 
empirically grounded studies demonstrating the 
combined application of advanced risk assessment 
methodologies, digital technologies, and project 
management practices. [5] 
In summary, existing research provides a strong 
methodological foundation for advanced risk 
assessment in nonconventional technologies but 
reveals a gap in applied, integrative case studies. 
Specifically, there is limited evidence illustrating how 
qualitative and quantitative risk assessment 
techniques can be operationalized through IoT- and 
AI-enabled systems within real project environments. 
[6] This gap motivates the case study presented in this 
paper, which examines the application of advanced 
risk assessment strategies in a wind turbine project 
using IoT sensors and AI-driven analytics to support 
preventative maintenance and improved project 
outcomes. 
3. RESEARCH METHODOLOGY 
This study adopts a case study–based research 
methodology to examine the application of advanced 
risk assessment strategies in a nonconventional 
technology project. The approach is appropriate for 
investigating complex, innovation-driven 
environments where risks are highly contextual and 
evolve over time. The selected case focuses on a wind 
turbine project integrating Internet of Things (IoT) 
sensors and artificial intelligence (AI) software to 
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support preventative maintenance and risk-informed 
project management. [7] 
The research design follows an iterative risk 
assessment framework consistent with the model 
presented in Figure 1, which integrates risk context 
definition, identification, analysis, treatment, and 
monitoring into a continuous feedback loop. This 
framework reflects the dynamic nature of 
nonconventional technologies, where assumptions, 
risk exposure, and mitigation priorities change 
throughout the project lifecycle. 
Data collection relied on multiple complementary 
sources to ensure methodological robustness. 
Qualitative data were obtained through expert 
elicitation involving project managers, maintenance 
engineers, and data analytics specialists. Structured 
workshops supported risk identification, failure 
scenario definition, and prioritization of critical risk 
factors. These inputs formed the basis for risk 
registers and informed the configuration of analytical 
models. Quantitative data were collected through IoT 
sensors installed on key wind turbine components, 
capturing real-time operational parameters such as 
vibration and temperature. [8] These data streams 
enabled continuous monitoring and predictive 
analysis of technical risks. 
Advanced risk assessment techniques were applied 
using a hybrid qualitative–quantitative approach. 
Qualitative methods were used primarily during early 
project stages to structure uncertainty and identify 
risk sources across technical and operational 
domains. Quantitative and data-driven techniques 
were subsequently employed for critical risks with 
high potential impact. AI-based analytics and 
machine learning models processed sensor data to 
detect anomalies and estimate risk evolution 
dynamically, supporting proactive decision-making 
and adaptive maintenance planning. [8] 
Risk monitoring was treated as a continuous process 
embedded within project governance. Analytical 
outputs were translated into dashboards and alerts, 
enabling transparent communication of risk status 
and supporting timely mitigation actions. While the 
findings are influenced by project-specific 
conditions, the structured methodology enhances 
transferability to other renewable energy and 
nonconventional technology projects. 
4. CASE STUDY: IOT AND AI 

INTEGRATION IN A WIND TURBINE 
PROJECT 

This chapter presents a case study focused on the 
integration of Internet of Things (IoT) sensors and 
artificial intelligence (AI) software within a wind 

turbine project, aiming to support preventative 
maintenance through advanced risk assessment 
strategies. Wind energy systems represent a typical 
example of nonconventional technologies due to their 
technological complexity, environmental exposure, 
and reliance on innovative digital solutions to ensure 
reliability and efficiency. The case study provides an 
empirical basis for analyzing how advanced risk 
assessment methodologies can be operationalized 
within a real project environment and how they 
contribute to improved project and operational 
outcomes. 
The analysed project involves a utility-scale wind 
turbine operating within a renewable energy 
portfolio. From a project management perspective, 
the system is subject to significant uncertainty arising 
from variable wind conditions, dynamic load profiles, 
material fatigue, and evolving maintenance 
requirements. Unlike conventional energy systems, 
wind turbines operate in open environments where 
external factors cannot be fully controlled, increasing 
exposure to technical, safety, and operational risks. 
Moreover, the adoption of digital technologies such 
as IoT sensors and AI analytics introduces additional 
layers of complexity related to data reliability, system 
integration, and cybersecurity. [9] 
These characteristics justify the classification of the 
project as a nonconventional technology initiative. 
Limited historical failure data, combined with 
continuous technological evolution, restrict the 
effectiveness of traditional inspection‑based 
maintenance and static risk assessment approaches. 
Consequently, the project required an advanced, 
adaptive risk assessment strategy capable of 
addressing both known failure mechanisms and 
emerging risks throughout the asset lifecycle. 
To address these challenges, a distributed network of 
IoT sensors was deployed on critical wind turbine 
components, including the gearbox, generator, 
bearings, and structural elements. The sensors were 
designed to collect real‑time operational data such as 
vibration levels, temperature fluctuations, rotational 
speed, and load variations. These data streams were 
transmitted to a central software platform that 
integrated IoT infrastructure with AI-based analytics 
to support risk evaluation and maintenance decision-
making. 
Figure 2 illustrates the simplified system architecture 
and data flow of the case study. Sensor data acquired 
at the physical asset level are processed through data 
validation and preprocessing layers before being 
analyzed by machine learning models. The outputs 
are translated into risk indicators and predictive 
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insights, which are visualized through dashboards 
and alerts for project and operations stakeholders. 

 
Figure 2. System architecture of the IoT and AI-enabled wind 
turbine risk assessment and preventative maintenance solution 

This architecture supports continuous risk monitoring 
and enables the transition from time‑based 
maintenance schedules to condition‑ and risk‑based 
maintenance planning. 
Risk identification was conducted using a 
combination of qualitative expert-based techniques 
and data-driven insights. Structured workshops 
involving project managers, maintenance engineers, 
and data analytics specialists were organized to 
identify major risk categories affecting project 
objectives. These included technical risks 
(component failure, accelerated wear), operational 
risks (unplanned downtime, maintenance delays), 
financial risks (repair costs, lost energy production), 
and data-related risks (sensor malfunction, model 
accuracy). [10] 
Expert judgment played a critical role in defining 
failure modes and linking sensor measurements to 
meaningful risk indicators. At the same time, the 
availability of real-time data enabled more granular 
identification of emerging risks compared to 
traditional periodic inspections. This hybrid approach 
ensured that both experiential knowledge and 
empirical evidence contributed to a comprehensive 
risk register. 
The AI software integrated within the system applied 
machine learning algorithms to analyze incoming 
sensor data and detect anomalies indicative of 
potential component degradation. Rather than relying 
on fixed thresholds alone, the models learned normal 
operating patterns over time and identified deviations 
that could signal increased risk of failure. These 
outputs were interpreted within the risk assessment 
framework as dynamic indicators influencing the 
estimated likelihood and potential impact of specific 
risks. 

By continuously updating risk evaluations, the 
system enabled earlier identification of maintenance 
needs and supported proactive interventions. 
Scenario-based reasoning was also applied to assess 
the consequences of delayed maintenance actions or 
changing operational conditions, informing decision-
making at both project and operational levels. This 
data-driven approach aligned with advanced 
quantitative risk assessment principles while 
remaining integrated with established project 
management practices. 
An important aspect of the case study was the 
interaction between technical outputs and stakeholder 
decision-making processes. Risk dashboards and 
visualizations translated complex analytical results 
into accessible information for project managers and 
customer representatives. This transparency 
improved communication regarding asset condition, 
maintenance priorities, and residual risk levels. As a 
result, stakeholders were better equipped to align 
maintenance strategies with project objectives related 
to cost control, availability, and quality. 
The integration of IoT sensors and AI-driven risk 
assessment led to a noticeable shift in how risks were 
managed throughout the project. Early detection of 
degradation patterns reduced reliance on reactive 
maintenance, contributing to improved asset 
availability and reduced unplanned downtime. From 
a customer perspective, the increased reliability and 
transparency of turbine operations resulted in higher 
perceived quality and satisfaction. These outcomes 
demonstrate how advanced risk assessment strategies 
can deliver value beyond technical optimization, 
reinforcing their strategic importance in 
nonconventional technology projects. 
5. APPLICATION OF ADVANCED RISK 

ASSESSMENT STRATEGIES 
This chapter describes how advanced risk assessment 
strategies were applied in the wind turbine case study 
by operationalizing the framework introduced in 
Figure 1 through IoT- and AI-enabled tools. The 
focus is on demonstrating how qualitative, 
quantitative, and data‑driven approaches were 
integrated into a coherent project management 
process that supported continuous risk monitoring, 
informed decision‑making, and proactive 
maintenance actions. 
The application of risk assessment followed an 
iterative lifecycle approach, ensuring that risk 
management activities evolved alongside technical 
development and operational conditions. At the 
initiation and planning stages, the project team 
defined the risk context by aligning technical 
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objectives, availability targets, and maintenance 
constraints with stakeholder expectations and 
organizational risk appetite. This preliminary step 
established a reference framework for subsequent risk 
identification and evaluation. 
Risk assessment activities were embedded into 
routine project and operational workflows rather than 
treated as isolated control exercises. [11] The 
continuous availability of sensor data enabled 
frequent reassessment of risk exposure, ensuring that 
risk prioritization reflected current operating 
conditions rather than static assumptions. This 
lifecycle integration was essential given the dynamic 
nature of wind turbine operation and environmental 
variability. 
Qualitative methods were applied primarily to 
structure uncertainty and support early‑stage 
decision‑making. Expert workshops brought together 
project managers, maintenance engineers, and data 
specialists to identify critical risk sources affecting 
turbine performance and project objectives. These 
included risks related to component degradation, 
unplanned downtime, maintenance resource 
availability, and data reliability. 
Risk Breakdown Structures (RBS) were used to 
organize identified risks into logical categories, 
facilitating traceability and accountability. Each risk 
was documented in a centralized risk register, 
including potential causes, consequences, and 
preliminary mitigation strategies. [12] This 
qualitative foundation provided a structured context 
for interpreting analytical outputs generated by the 
AI-based system and ensured that technical insights 
remained aligned with project management priorities. 
Quantitative risk analysis was enabled through the 
continuous processing of IoT sensor data by AI and 
machine learning models. These models analyzed 
patterns in vibration, temperature, and rotational data 
to identify deviations from normal operating 
behavior. Instead of relying solely on predefined 
thresholds, the system learned baseline conditions 
over time, increasing sensitivity to subtle degradation 
trends that may indicate emerging failure risks. 
The outputs of the analytical models were translated 
into dynamic risk indicators influencing estimated 
likelihood and impact values for selected failure 
scenarios. Scenario analysis was applied to assess the 
consequences of alternative maintenance strategies, 
such as deferred intervention versus early corrective 
action, under varying operational conditions. This 
approach allowed decision‑makers to evaluate 
trade‑offs between maintenance costs, availability, 
and residual risk. 

Figure 3 illustrates the end‑to‑end workflow of the 
applied risk assessment process, showing how 
qualitative inputs, real‑time data, AI analytics, and 
project governance mechanisms interact to support 
continuous risk-based decision‑making. 

 
Figure 3. Application workflow of advanced risk assessment 

strategies integrating IoT data, AI analytics, and project 
management decision support 

Risk monitoring was implemented as a continuous 
control mechanism supported by dashboards, alerts, 
and periodic review meetings. The AI-driven 
platform provided visual representations of risk levels 
and trends, enabling project stakeholders to quickly 
assess system health and prioritize actions. Escalation 
rules were defined to ensure that significant risk 
deviations triggered timely intervention by 
responsible decision‑makers. 
The integration of risk monitoring outputs into 
regular project communication improved 
transparency and coordination between technical and 
managerial stakeholders. Rather than reacting to 
failures, the project team could base decisions on 
predictive insights, supporting a shift toward 
preventative maintenance strategies aligned with risk 
tolerance and project objectives. 
The application of advanced risk assessment 
strategies resulted in measurable improvements in 
how risks were managed throughout the project. 
Early identification of degradation patterns reduced 
unplanned downtime and enabled more effective 
scheduling of maintenance activities. [13] From a 
project management perspective, this contributed to 
improved schedule reliability, more predictable costs, 
and enhanced control over operational risks. 
Equally important were the impacts on perceived 
quality and customer satisfaction. Customers 
benefited from increased system availability and 
clearer communication regarding asset condition and 
maintenance planning. The ability to provide 
transparent, data-supported explanations of 
maintenance decisions strengthened trust and 
reinforced the value proposition of the adopted 
solution. These outcomes demonstrate that advanced 
risk assessment strategies can generate benefits 
extending beyond technical optimization, supporting 
broader project success and stakeholder confidence. 
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6. RESULTS AND DISCUSSION 
This chapter discusses the outcomes of applying 
advanced risk assessment strategies in the wind 
turbine project and interprets their implications from 
a project management and stakeholder perspective. 
The results are evaluated in relation to risk reduction 
effectiveness, operational performance, and 
perceived quality and customer satisfaction, thereby 
addressing the research objectives outlined in the 
introduction. 
The integration of IoT sensors and AI-based analytics 
led to a significant improvement in the project’s 
ability to detect, assess, and manage technical risks. 
Continuous monitoring enabled the early 
identification of abnormal operational patterns 
associated with component degradation, which would 
likely have remained undetected under traditional 
time‑based inspection regimes. From a risk 
assessment standpoint, this resulted in earlier 
mitigation actions and a reduction in the likelihood of 
high‑impact failure events. 
The shift from reactive and preventive maintenance 
toward a risk‑based and predictive approach 
contributed to improved asset availability and 
reduced instances of unplanned downtime. 
Maintenance interventions were scheduled based on 
risk indicators rather than fixed intervals, improving 
alignment between technical condition and 
operational decisions. These findings are consistent 
with the literature emphasizing the value of 
probabilistic and data‑driven techniques in managing 
uncertainty in nonconventional technologies. 
From a project management perspective, improved 
predictability of maintenance activities translated into 
better schedule stability and more reliable cost 
planning. By reducing uncertainty related to 
unexpected failures, the advanced risk assessment 
approach strengthened overall project control and 
supported informed decision‑making throughout the 
operational phase of the asset lifecycle. 
The combined use of qualitative and quantitative 
methods proved essential to the effectiveness of the 
applied risk assessment strategy. Qualitative 
techniques, such as expert elicitation and structured 
risk workshops, provided critical context for 
interpreting analytical outputs and ensured that 
system behavior was assessed within a realistic 
operational framework. These methods were 
particularly valuable in addressing uncertainties not 
fully captured by sensor data, such as organizational 
constraints or maintenance resource availability. 
Quantitative and AI-driven methods complemented 
these insights by enabling dynamic risk evaluation 

based on empirical evidence. Machine learning 
models enhanced sensitivity to subtle changes in 
operational behavior, supporting continuous updating 
of risk likelihood and impact estimates. The 
integration of these outputs into dashboards and alerts 
facilitated timely responses and reinforced the 
iterative risk management framework presented 
earlier in the paper. 
Overall, the results demonstrate that advanced risk 
assessment strategies are most effective when treated 
as socio‑technical systems that combine human 
expertise, analytical modeling, and governance 
structures, rather than as purely technological 
solutions. 
Beyond technical performance improvements, the 
implementation of advanced risk assessment 
strategies had a notable impact on perceived service 
quality and customer satisfaction. Increased system 
availability and reduced unplanned outages resulted 
in more stable energy delivery and improved 
confidence in asset reliability. Customers benefited 
from enhanced transparency, as dashboards and 
performance reports provided clear, data-supported 
explanations of maintenance actions and risk status. 
This transparency strengthened trust between 
stakeholders and reduced information asymmetry, a 
critical factor in projects involving complex and 
innovative technologies. Rather than perceiving 
maintenance activities as reactive interventions, 
customers recognized them as proactive measures 
grounded in advanced risk intelligence. As a result, 
satisfaction increased not only due to improved 
technical outcomes, but also due to clearer 
communication and more predictable service levels. 
Compared to traditional risk management 
approaches, which rely heavily on static assessments 
and periodic inspections, the applied methodology 
demonstrated superior responsiveness and 
adaptability. [14] Traditional approaches typically 
address risks after thresholds have been exceeded or 
failures have occurred, whereas the advanced strategy 
enabled anticipatory action based on evolving risk 
indicators. This distinction is particularly relevant for 
nonconventional technologies, where failure 
mechanisms may develop gradually and remain 
hidden until advanced stages. 
The findings suggest that conventional risk 
assessment frameworks require augmentation 
through data-driven and iterative mechanisms to 
remain effective in innovation-intensive project 
environments. 
The results confirm that advanced risk assessment 
strategies, when integrated with IoT and AI 
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technologies, contribute positively to both project 
performance and stakeholder outcomes. The case 
study supports the argument that risk assessment 
should be embedded continuously within project 
governance structures, particularly for 
nonconventional technologies characterized by high 
uncertainty and complexity. These insights provide a 
practical foundation for replicating similar 
approaches in other renewable energy and 
innovation-driven projects. 
7. CONCLUSIONS AND FUTURE 

RESEARCH 
This paper examined the application of advanced risk 
assessment strategies in project management through 
a case study involving the integration of IoT sensors 
and artificial intelligence in a wind turbine for 
preventative maintenance. The findings demonstrate 
that nonconventional technologies, characterized by 
high uncertainty and system complexity, require 
adaptive and data-driven risk assessment approaches 
that extend beyond traditional static methods. 
The case study shows that combining qualitative 
expert-based techniques with quantitative and AI-
enabled analytics enables continuous risk monitoring, 
earlier identification of critical failure risks, and more 
effective mitigation planning. From a project 
management perspective, this integration contributed 
to improved operational reliability, increased 
predictability of maintenance activities, and enhanced 
control over technical and operational risks. 
Importantly, the results also highlight positive 
impacts on perceived service quality and customer 
satisfaction, driven by higher asset availability and 
improved transparency in decision-making. 
These findings confirm that advanced risk assessment 
should be viewed as a socio-technical capability 
embedded within project governance rather than as a 
standalone analytical exercise. While the conclusions 
are based on a single case study, the methodological 
approach and insights are transferable to other 
renewable energy and nonconventional technology 
projects. Future research may expand the empirical 
basis by comparing multiple case studies or by 
quantitatively evaluating long-term performance and 
customer satisfaction impacts across different 
technological contexts. 
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