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––––––––
[image: ]


Sebastien Beyh

Renewable Energy Infrastructure Engineer & Technical Advisor

––––––––
[image: ]


First Edition

2026  
	[image: ]
	 	[image: ]


[image: ]

​Preface

[image: ]


The global transition toward renewable energy has accelerated the deployment of utility-scale photovoltaic (PV) power plants across power systems worldwide. As solar capacity expands, PV plants have evolved from relatively simple generation facilities into complex infrastructure assets that must operate reliably for decades while meeting strict engineering, regulatory, and financial performance requirements.

Modern utility-scale solar plants are not only electrical systems; they are integrated infrastructure platforms combining power electronics, grid compliance mechanisms, digital monitoring systems, operational analytics, and long-term asset management frameworks. Their success depends on disciplined engineering, structured project execution, and continuous operational optimization.

This book has been developed as a practical engineering reference for professionals involved in the full lifecycle of utility-scale solar PV infrastructure, from early project development and feasibility analysis to engineering design, EPC execution, commissioning, operational performance management, and long-term asset optimization.

The content is intended for professionals working across the solar infrastructure ecosystem, including:

	Solar PV design and electrical engineers

	EPC engineering and construction teams

	Owner’s Engineers and technical advisors

	Commissioning engineers and O&M managers

	Asset managers and performance analysts

	Grid integration and SCADA specialists

	Project developers and infrastructure investors

	Lenders’ technical advisors and due-diligence consultants


Unlike introductory solar guides that focus primarily on photovoltaic fundamentals, this work concentrates on the structured engineering workflows used to design, deliver, and operate utility-scale solar plants as bankable infrastructure assets.

A distinctive aspect of this reference is the integration of AI-assisted engineering workflows designed to enhance professional productivity across the solar project lifecycle. These workflows demonstrate how modern artificial intelligence tools can support engineers and infrastructure professionals in accelerating complex tasks such as:

	Technical documentation preparation

	Engineering calculations and design validation

	Commissioning report generation

	Operational performance analysis

	Asset management reporting

	Technical due diligence documentation


When applied within disciplined engineering frameworks, AI tools can significantly reduce time spent on repetitive analytical and documentation tasks while allowing engineers to focus on technical judgment, system reliability, and strategic decision-making.

The book therefore combines traditional engineering methodologies with structured AI-assisted workflow techniques, enabling professionals to improve both the efficiency and the consistency of their technical outputs.

The material is organized around the complete lifecycle of a utility-scale PV project.

The first part examines project development and feasibility, presenting structured workflows for evaluating site conditions, identifying technical risks, and preparing early-stage project documentation.

The second part focuses on engineering and design, covering the technical frameworks used to transform feasibility studies into construction-ready engineering documentation, including electrical architecture, system configuration, grid compliance considerations, and performance modeling.

The third part addresses EPC execution and construction, outlining practical approaches for procurement coordination, quality assurance, construction supervision, and engineering verification during plant delivery.

The fourth part examines commissioning and operational transition, describing the procedures required to validate plant performance, establish monitoring systems, and ensure stable long-term plant operation.

The fifth part explores advanced consulting and bankability, expanding the discussion toward performance analytics, risk evaluation, and asset optimization strategies used by infrastructure advisors, lenders, and solar portfolio managers.

Throughout the book, the methodologies presented align with internationally recognized technical standards including:

	IEC 62446 - PV system testing and commissioning

	IEC 61724 - PV system performance monitoring

	ISO 55000 - Asset management frameworks

	ISO 50001 - energy management systems


Particular emphasis is placed on measurable operational indicators such as performance ratio (PR), plant availability, specific yield, degradation behaviour, and grid compliance metrics, because the technical performance of solar infrastructure is directly linked to financial returns and long-term investment stability.

In modern solar portfolios, engineering decisions must therefore be evaluated not only for their technical validity but also for their impact on revenue predictability, operational risk, and long-term asset performance.

This reference has been designed to be practical rather than theoretical. The workflows presented can be adapted directly into professional documentation and operational frameworks used in real projects, including:

	Engineering design reports

	Commissioning documentation

	SCADA and monitoring architectures

	Operations and maintenance procedures

	Technical due diligence reviews

	Solar asset management strategies

	Performance benchmarking studies


Each section aims to support real-world implementation across development teams, EPC contractors, operational engineers, and infrastructure advisors.

The global energy transition requires more than simply installing renewable generation capacity. It requires energy infrastructure that is engineered with discipline, delivered with quality, and managed with long-term accountability.

Utility-scale solar plants must perform reliably for decades while delivering predictable energy production and stable financial returns.

This book aims to contribute to that objective by providing a structured framework for designing, delivering, and operating high-performing solar PV infrastructure using both established engineering practices and modern AI-assisted workflows.

About the Author

Dr. Sebastien Beyh, PhD, is a renewable energy infrastructure engineer and technical advisor with more than three decades of experience across utility-scale energy systems, engineering consulting, and digital technology integration.

His professional work focuses on the full lifecycle delivery and optimization of grid-connected solar PV infrastructure, including project development, engineering design, EPC execution, commissioning, performance analysis, and long-term asset management.

Dr. Beyh has advised stakeholders across the renewable energy ecosystem, including engineering firms, EPC contractors, infrastructure developers, asset managers, and investment groups. His consulting work bridges the critical interface between technical engineering execution, operational performance, and infrastructure investment risk management.

A key focus of his work is the integration of AI-assisted engineering workflows to improve decision quality, accelerate technical analysis, and support structured documentation across complex infrastructure projects.

Through this book, Dr. Beyh introduces a practical framework that combines engineering discipline, lifecycle infrastructure management, and AI-enabled workflow systems, supporting professionals responsible for designing, delivering, and operating utility-scale solar power plants.

Disclaimer

This publication is provided for educational and professional reference purposes in the field of utility-scale solar PV infrastructure engineering.

While every effort has been made to ensure the accuracy and technical relevance of the information presented, the author makes no representations or warranties regarding its completeness or applicability to specific projects. Utility-scale solar PV developments involve site-specific engineering conditions, evolving industry standards, regulatory frameworks, and contractual requirements.

The AI-assisted workflow prompts included in this book are intended as structured analytical aids and do not replace professional engineering judgment, independent verification, or compliance with applicable standards and regulations.

Readers should consult qualified professionals and relevant authorities before applying any engineering, financial, or operational decisions based on the material presented.

The author assumes no liability for any loss, damage, or consequences arising from the use or interpretation of this information.

References to international standards (including IEC, IEEE, ISO, and national grid codes) are provided for informational purposes. All such standards remain the property of their respective organizations.
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​Part 1 - Project Development

[image: ]


This section covers the early-stage workflows required to evaluate, structure, and de-risk a utility-scale solar PV project before detailed engineering and EPC execution begin.

These workflows are used by:

	Project developers

	Feasibility consultants

	Owner’s Engineers

	Lenders

	Regulatory advisors
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​1.1 Solar Resource Assessment (Feasibility Study)
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Engineering Context

This workflow supports the feasibility and bankability stage of a utility-scale solar PV project. It generates a structured solar resource and energy yield assessment used for investment decisions, lender due diligence, and tariff negotiations.

In desert climates such as the Sultanate of Oman, long-term irradiance variability, soiling losses, and uncertainty modeling significantly impact financial outcomes.

AI Workflow Prompt

Act as senior solar resource analyst, and create a bankable yield report for a 5 MWp desert PV plant project in the Sultanate of Oman. The deliverables must include DOCX report, XLSX dataset report, and charts/graphs with the following Key Outputs:

	Executive summary with P50/P90 yield and bankability statement

	Data sources and methodology (satellite + ground measurements)

	Long-term irradiance dataset and variability analysis

	Energy yield and uncertainty estimates

	Compliance with IEC 61724, ASTM, SEC reporting


Expected Deliverables

	DOCX bankable yield assessment report

	XLSX irradiance dataset and uncertainty model

	Graphs for monthly production and variability

	P50/P75/P90 energy projections

	Bankability statement aligned with lender requirements


Engineering Notes

Desert PV projects require:

	Multi-year satellite validation

	Ground station calibration

	Soiling ratio modeling

	Long-term interannual variability correction


Uncertainty modeling must clearly separate:

	Resource uncertainty

	Model uncertainty

	System loss uncertainty


This workflow directly influences:

	Financial model IRR

	PPA negotiations

	Lender technical advisor review


Why This Structure Matters

Solar resource assessment is the foundation of project bankability.
A poorly structured yield report increases financing risk and tariff pressure.
This workflow ensures:

	Investment-grade modeling

	Lender-ready documentation

	Structured uncertainty disclosure
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