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Abstract. In the context of swift expansion in the photo- voltaic (PV) industry, 

developing new PV power stations has created substantial volumes of heteroge-

neous, multi-source data across design, construction, and operational stages. 

Presently, the potential of this data remains largely untapped due to the 

inadequacy of existing document and knowledge management systems to inte-

grate and manage it effectively, leaving it fragmented and underutilized. 

Recognizing the absence of a comprehensive tool for the full-spectrum man-

agement and integration of data from project information to specific electrical 

designs in PV power station projects, this paper introduces a systematic solution 

designed to confront the intricate challenges of managing such diverse data. 

The system adeptly processes unstructured data through the adoption of auto-

mated knowledge graphs for data organization and analysis, facilitating the gen-

eration of professional engineering reports and signifying a notable advancement 

in knowledge management. The application of advanced ontological techniques 

for transforming unstructured data into a structured Resource Description Frame-

work (RDF) format provides a sturdy foundation that enhances data integrity and 

accessibility while considerably reducing the manual labor associated with data 

processing. Additionally, the capability of this system to preserve complex data 

relationships within a graph database denotes a significant enhancement over con-

ventional tabular data storage methods, improving project management effi-

ciency. This progress enables effortless data visualization and querying, allowing 

for smooth navigation through the knowledge graph to locate specific infor-

mation and understand its interconnections. Automatically creating detailed, pre-

cise project engineering reports from structured data and insights extracted from 

the knowledge graphs significantly uplifts communication and documentation 

standards within PV project management. This advancement offers satisfactory 

results for a broad spectrum of stakeholders needing rapid, comprehensive pro-

ject insights to inform their decision-making processes. It is a pivotal step to-

wards optimizing the use and management of data in renewable energy projects. 
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1 Introduction 

The rapid evolution of the PV industry necessitates innovative approaches to PV power 
station project knowledge management and analysis. While supporting standard data 
storage and retrieval, traditional information and document management systems are 
inadequate in addressing the multi- source, heterogeneous PV project data [1]. Previous 
works for knowledge management in the power industry often focused on a pure 
knowledge modelling perspective [2]–[4]. A scalable framework that consists of real-
time data updating, multi- source data integration and project report generation is 
yet to be developed. This paper introduces a novel knowledge management system 
framework with a report generation function that leverages the power of knowledge 
graphs and graph databases to enhance PV station project management. 

The system addresses these challenges by automating project information collection, 
organization, and analysis. Using advanced ontological methods [5], multi-source, het-
erogenous data is converted into a structured Resource Description Framework (RDF) 
format [6], facilitating the construction of comprehensive knowledge graphs. These 
graphs are then stored in a graph database, which, unlike traditional tabular databases, 
excels in querying and preserving complex relation- ships between data points [7]. This 
approach not only enhances data integrity and accessibility but also significantly reduces 
the time and effort involved in data processing. 

Moreover, the ability of this system to visualize data and provide query capabilities 
for all collected information marks a significant advancement in making complex data 
more understandable and actionable. Users can easily navigate the knowledge graph to 
find specific information and explore its connections to other relevant data. This feature 
is particularly beneficial for stakeholders who require quick access to com- prehensive 
project insights to make informed decisions. 

Another standout feature of this system is its ability to generate engineering project 
reports automatically. Detailed, accurate, and visually appealing reports are produced 
by leveraging the structured data and insights derived from the knowledge graphs. This 
automation not only streamlines the reporting process but also enhances the quality and 
professionalism of the documents, contributing to more effective communication and 
documentation practices within the PV project management domain. 

Introducing this innovative system marks a significant leap forward in PV station 
project management. By addressing the critical challenges of data processing, visuali-
zation, and report generation, a comprehensive solution is offered that not only im-
proves efficiency and accuracy but also paves the way for more strategic and informed 
project management practices. 

The rest of the paper is structured as follows: Section II details existing research 
and provides a comprehensive literature review, identifying gaps in the current under-
standing. Section III describes the system design, delving into the architectural and 
functional aspects of the developed system. Section IV presents an evaluation of the 
system, outlining the methodologies used for testing and discussing the outcomes to 
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assess the effectiveness of this system. Finally, the paper concludes in Section V with 
a discussion on the implications of this research and explores potential avenues for fu-
ture work. 

2 Literature Review 

In this section, a critical examination of existing literature related to knowledge graphs 
and their application within photovoltaic power systems is conducted. Key limitations 
in current methodologies are identified, and advancements in data fusion techniques 
are explored, paving the way for the introduction of contributions that address these 
identified gaps. 

2.1 Related Work 

Knowledge graph for knowledge management 
In the field of power engineering, the application of knowledge graph technology 

has garnered widespread attention. As a potent tool for data integration and analysis, 
knowledge graphs effectively manage complex project information, facilitating the dis-
covery and utilization of relationships between data [8], [9]. Knowledge graphs have 
demonstrated proficiency across various applications, notably semantic search [10], 
recommender systems [11] and E-commerce [12]. The construction of knowledge 
graphs is based on robust ontologies and semantic networks, enabling structured repre-
sentation of complex relationships between concepts and entities. For instance, Zhou 
investigated how ontologies could be utilized to build a knowledge graph in the PV 
domain to enhance data utilization in project management [1]. Constructing an ontol-
ogy involves not only a deep understanding of domain knowledge but also accurate 
descriptions of relationships between data, which is crucial for improving the quality 
of project decision-making. In the practical application of knowledge graphs, data fu-
sion and analysis are key steps. By integrating data from diverse sources into a unified 
knowledge graph, project managers can gain more intuitive access to project status and 
performance indicators. A case was represented where knowledge graphs were used for 
data fusion, significantly improving data utilization efficiency and project management 
outcomes [13]. Despite the considerable potential of knowledge graphs in PV power 
engineering project management, some challenges persist in their practical application. 
Issues related to data quality and consistency, the costs of updating and maintaining 
knowledge graphs, and the need for advanced data analysis skills are major obstacles 
that need to be overcome. Future research should focus on improving the automation 
level of data integration, optimizing knowledge graph updating mechanisms, and de-
veloping more user-friendly query and analysis tools. In conclusion, knowledge graphs 
offer a new perspective and tool for PV power engineering project management, effec-
tively integrating and analyzing complex data within projects. With further research 
and technological innovation, knowledge graphs are expected to play a more significant 
role in enhancing project management efficiency and decision- making quality. 
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Data fusion and analysis 
Integrating multi-source, heterogeneous data has emerged as a pivotal area of re-

search, offering profound insights into integrating diverse data types for enhanced un-
derstanding and analysis. Notably, using knowledge graphs in heterogeneous data fu-
sion presents a significant advantage by providing a structured framework to represent 
entities and relationships across different data modalities [14]. Data fusion involves in-
tegrating various data types, such as text, images, audio, and video, to understand in-
formation comprehensively. By combining different modalities, the goal is to leverage 
the richness and complementary nature of each data type to enhance the accuracy 
and completeness of data analysis [15]. As for the role of knowledge graphs in multi-
modal data fusion, they are a powerful tool that structures information into entities and 
relationships. These graphs rep- resent complex interconnections between different 
data types, enabling a holistic view of information integration. Knowledge graphs pro-
vide a structured representation of entities and relationships, allowing for a more orga-
nized and interpretable view of multimodal data. Researchers can conduct sophisticated 
data inference processes across multiple modalities by leveraging knowledge graphs, 
enabling more profound insights and predictions. It has efficient Data Integration, 
streamlining the process of integrating diverse data types by offering a unified frame-
work for storing and processing information from various sources [16]. Integrating 
multi-source, heterogeneous data with knowledge graphs provides a promising avenue 
for advancing data analysis and understanding. 

Graph database 
Neo4j, a leading graph database, has emerged as a cornerstone technology for de-

veloping knowledge graph systems in various domains, including power engineering. 
Its unique ability to model intricate relationships between data entities in a natural and 
intuitive manner makes it particularly well-suited for applications where complex con-
nections between data points are paramount [17]. Within the domain of PV power sys-
tems, Neo4j offers significant advantages. It enables the integration of diverse data 
sources, including real-time sensor data, historical performance metrics, and environ-
mental factors, into a unified and actionable data landscape. The graph-based nature of 
Neo4j facilitates efficient querying and analysis, allowing for complex data inference 
processes and pattern recognition tasks that are often challenging with traditional re-
lational databases [18]. Moreover, Neo4j provides superior performance in traversing 
relationships and conducting analyses, thereby enhancing the scalability and respon-
siveness of knowledge graph systems in managing large-scale PV project data. Its 
adoption within the PV power system domain underscores its potential to revolutionize 
knowledge management and decision-making processes in the field. 

2.2 Research Gap 

The integration of knowledge graphs into PV power system management presents prom-
ising opportunities, yet critical gaps remain in current research and practice. Specifi-
cally, there is a lack of robust mechanisms for automating real-time data up- dates within 
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knowledge graph systems tailored for PV power systems. Additionally, scalability and 
performance issues hinder the effective management of large-scale PV project data. 
Furthermore, the absence of efficient tools for generating real- time project reports from 
knowledge graph data and the limited exploration of predictive analytics for hazard 
identification poses significant challenges. Addressing these gaps is essential for advanc-
ing PV power system management practices and unlocking the full potential of 
knowledge graphs in the field. 

3 System Design 

3.1 System Overview 

The system design uses knowledge graph and graph modeling techniques to enhance 
PV project knowledge management. Prior to this project, a domain-specific ontological 
model was meticulously developed for the PV engineering domain, serving as the foun-
dation for structuring the knowledge graph. This model defines a comprehensive set of 
entities, relationships, and attributes, capturing the multifaceted nature of PV projects 
[5]. Fig 1 illustrates the architecture of this system, depicting the integration of ad-
vanced data extraction techniques to analyze technical documents related to PV pro-
jects. Structured and unstructured data sources are parsed to identify relevant entities 
and relationships, facilitating the automated population of the knowledge graph. This 
automation minimizes manual effort and reduces the risk of errors. The resulting 
knowledge graph acts as a dynamic repository of interconnected data and serves as the 
basis for visualization and reporting tools. Users can explore the graph via an intuitive 
interface, gaining insights, identifying issues, and uncovering optimization opportuni-
ties. Moreover, the system utilizes the structured nature of the knowledge graph to au-
tomatically generate professional engineering reports, synthesizing complex data into 
tailored analyses for stakeholders. 

In essence, the system architecture capitalizes on the strengths of Neo4j in handling 
complex data relationships, supported by a meticulously crafted ontological model spe-
cific to PV engineering. By strategically organizing data into a comprehensive 
knowledge graph, the system offers unique capabilities in data visualization and auto-
mated reporting, thereby advancing PV project management practices and setting new 
standards for knowledge graph applications in engineering domains. 
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Fig. 1. System overview 

3.2 Automated Knowledge Graph Construction 

The overall technical framework of the knowledge graph section of this project is 
shown in Fig 2. For the data source selection, constructing a comprehensive knowledge 
graph for PV systems begins with the meticulous selection of data sources. Given the 
complexity and diversity of PV systems, data is gathered from various sources, includ-
ing technical manuals, system performance reports, and real-time sensor data. These 
sources encompass structured data from databases, unstructured data from documents 
and reports, and semi- structured data from logs and system alerts. The aim is to cover 
all the knowledge pertinent to PV systems, from installation and maintenance to per-
formance evaluation and troubleshooting. The data source will be organized according 
to the pre-designed ontology architecture. Ontology is the foundational schema of 
knowledge graph that understands and categorizes the PV system data. The ontology 
design process involves defining a set of concepts and categories in the PV domain, 
such as components (busbar, power station), operations (installation, maintenance), and 
performance metrics (efficiency, output). These categories are interconnected through 
relationships, enabling the knowledge graph to model complex interactions within the 
system. This structure facilitates data integration and retrieval and supports reasoning 
about the state of this system and potential issues. The process of organizing data 
through ontology involves data integration and data cleaning. Data integration involves 
harmonizing information from diverse sources into a unified model defined by ontol-
ogy. This process includes transforming data into a standardized format, often RDF, 
and linking related entities based on common properties or identifiers. Data cleaning is 
integral to this stage, where inconsistencies, duplicates, and errors are identified and 
corrected. Techniques such as entity resolution and deduplication are employed to en-
sure the accuracy and reliability of the knowledge graph. 
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Fig. 2. Knowledge Graph Construction 

The knowledge graph is designed to meet the complex data needs of PV systems by 
providing a holistic and interconnected view of all relevant information. This enables: 

Efficient Querying. Complex queries about the components of this system, perfor-
mance, and interrelations can be answered quickly and accurately. 

Advanced Analytics. The graph structure facilitates the analysis of relationships 
and patterns within the data, aiding in predictive maintenance, optimization, and fault 
detection. 

Enhanced Decision Making. The knowledge graph sup- ports informed decision-
making regarding system design, operation, and maintenance by integrating and making 
sense of vast data. 

In summary, constructing a knowledge graph for PV system project management 
involves a systematic approach to data source selection, ontology design, data inte-
gration, and 

cleaning. This foundation enables the knowledge graph to effectively meet the com-
plex data needs of PV systems, driving efficiency, reliability, and performance im-
provements. 

3.3 User Query and Report Generation 

A pivotal feature of the system is its capability to automatically generate detailed en-
gineering reports by leveraging a sophisticated template-based approach. This func-
tionality harnesses the structured data organized within the knowledge graph, ensuring 
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that relevant information is dynamically inserted into predefined report templates. This 
process employs advanced natural language generation (NLG) techniques [19] to con-
textualize and articulate the data in a coherent and professionally formatted document.  

The system design incorporates an intuitive front-end user interaction interface to 
visualize the complex relationships of this PV system as represented in the graph data-
base. This interface, built upon user-centred design principles, enables users to navigate 
the intricate web of data relationships through a graphical representation, mirroring the 
structure of the underlying Neo4j graph database. 

These system functionalities, the automatic engineering report generation and the 
front-end user interaction interface, stand as core components of the proposed 
knowledge graph- based system for PV system project management. They exemplify 
how the system innovatively approaches knowledge management, visualization, and 
reporting, embodying potential for significant enhancements in efficiency, accuracy, 
and user engagement in the management of PV projects. 

4 Implementation 

4.1 Tech Stack 

In implementing the proposed system, selecting the technical stack is pivotal to achiev-
ing the data collection of this system, processing, visualization, and storage objectives. 
Core technologies such as HTML, CSS, JavaScript, and React were deployed for front-
end development, while Neo4j was utilized as the primary database technology for the 
back-end. This combination facilitated the creation of an interactive and user- friendly 
interface, ensuring robust knowledge management and analysis capabilities. Fig 3 il-
lustrates how the front-end and back-end are structured. 

The front-end of this system is developed utilizing HTML, CSS, and JavaScript, 
with a significant focus on React. React, a widely-used JavaScript library for building 
user interfaces enabled the dynamic and responsive design of the web ap- plication. 
The decision to employ React was influenced by its component-based architecture, 
which permits the modular development of UI components. These components can be 
easily reused and managed, leading to a maintainable code- base and a streamlined 
development process. Through React, a template engine rendering mechanism was im-
plemented, enabling the dynamic presentation of data. Such a mechanism proves espe-
cially effective in intuitively rendering complex data structures, thereby enhancing user 
interaction and data interpretability. 
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Fig. 3. System Structure 

Moreover, integrating advanced JavaScript features with the state management ca-
pabilities of React ensured seamless communication between the front-end and back-
end. This is crucial for handling service requests, fetching data from the server, and 
updating the UI in real-time. The asynchronous nature of JavaScript, coupled with the 
efficient rendering lifecycle of React, provided a smooth and interactive user experi-
ence, even when managing large datasets. 

Neo4j was selected for back-end and knowledge management. The graph-based 
model of Neo4j aligns perfectly with the requirements of this project for analyzing and 
visualizing intricate networks within PV station project management. The choice of 
Neo4j was made due to its intuitive representation and querying of relationships, a fun-
damental need for constructing the knowledge graph. 

Accompanying Neo4j, OWL (Web Ontology Language) and RDF Schema (RDFS) 
were employed to define and structure the ontology of project. These technologies en-
abled the creation of a flexible and extensible ontology system, accurately representing 
the concepts and relationships within the domain. OWL and RDFS provided a semantic 
framework that supports the integration, interpretation, and analysis of heterogeneous 
and unstructured data. 

Integrating Neo4j with the project-specific ontology facilitated efficient reading, 
cleaning, organizing, storing, and summarizing data, transforming scattered and un-
structured information into a structured and coherent knowledge graph. Furthermore, 
the capability of this system to generate final engineering documents and present data 
within the graph database was significantly enhanced by the querying capabilities of 
Neo4j and the semantic richness afforded by OWL and RDFS. 

In summary, the implementation of the system relied on a meticulously chosen 
technical stack comprising HTML, CSS, JavaScript, and React for front-end develop-
ment, complemented by Neo4j for back-end knowledge management. Using OWL and 
RDFS further enabled the system to effectively manage complex data relationships and 
ontologies. This technological foundation addressed PV station project management 
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challenges by offering a comprehensive solution for automated information collection, 
efficient data integration, and intuitive data visualization. 

4.2 Knowledge Graph and User Interface Implementation 

The integration of the knowledge graph with the aforementioned technical stack is a 
pivotal aspect of the design of this system, as shown in Fig 4. 

 
Fig. 4. Knowledge Graph Implementation 

The detailed knowledge graph integration implementation with the proposed tech 
stack is shown in Fig 4. The transformation of unstructured data into a structured format 
conducive to graph database storage involves the application of NLP embedding tech-
niques. These techniques collect word vectors with similar semantic meanings, aligning 
with the structure of this ontology. By employing embedding methods, words and 
phrases from technical documents are analyzed and con- verted into a format that mir-
rors the conceptual and relational schema defined by the ontology. This process ensures 
that the data retains its original context and is enriched with semantic meaning, making 
it suitable for incorporation into the knowledge graph. Once processed, these data are 
inserted into the graph database and linked according to the relationships and entities 
defined within the ontology of this system. This methodology allows for efficient data 
organization, enabling complex relationships between different pieces of information 
to be represented and queried effectively. 

The knowledge graph is a fundamental system element, facilitating various function-
alities that enhance utility and efficiency. One of the primary applications of the 
knowledge graph is in the generation of professional engineering documents. Utilizing 
templates developed with natural language generation (NLG) techniques [20], the sys-
tem can produce professional but also clear and concise records. This capability stems 
from the structured and enriched data provided by the knowledge graph, which allows 
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for the automatic generation of content that accurately reflects the domain-specific 
knowledge encapsulated within the graph. 

Furthermore, the data of knowledge graph is accessible to the front end, enabling its 
visualization. The presentation of the knowledge graph on the user interface allows users 
to interact with and explore the complex relationships and entities it contains. This vis-
ualization not only aids in understanding the intricate connections between different 
pieces of information but also is a powerful tool for data analysis and decision- making. 
Meanwhile, the system will automatically generate engineering project reports based 
on the collected information, and an illustrative example is shown in Fig 5. 

 
Fig. 5. Knowledge Graph Driven Report Generation Example 

5 Evaluation 

In the presented system, a knowledge graph (graph database) is innovatively utilized as 
the backend to automate the fusion of multi-source heterogeneous data, leveraging on-
tologies and other technologies. This approach facilitates com- plex data query func-
tionalities, showcasing seamless linkage from project information to engineering circuit 
details, thus aiding decision-making processes. The novelty lies in the pro- vision of 
sophisticated data relationship querying capabilities. Traditionally, querying complex 
relationships across different tables (ranging from project information to circuit tech-
nical data) poses significant challenges, with tabular methods falling short in efficiently 
managing the intricate associations among disparate data sources. By integrating this 
information within a unified space, the system enables comprehensive queries, such as 
calculating the total photovoltaic (PV) capacity of projects invested by a specific 
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investor shown in Algorithm 1. The code aggregates PV component capacities across 
circuits to identify the project with the maximum total PV capacity. 

 𝐴𝑙𝑔𝑜𝑟𝑖𝑡ℎ𝑚 1: 𝑁𝑒𝑜4𝑗 𝐶𝑦𝑝ℎ𝑒𝑟 𝐶𝑜𝑑𝑒 𝐸𝑥𝑎𝑚𝑝𝑙𝑒 𝐼𝑛𝑝𝑢𝑡: 𝑀𝐴𝑇𝐶𝐻 𝑃𝑟𝑜𝑗𝑒𝑐𝑡: 𝑃ℎ𝑜𝑡𝑜𝑣𝑎𝑜𝑙𝑡𝑎𝑖𝑐 − ∗ → 𝑝𝑣𝑀𝑜𝑑𝑢𝑙𝑒: 𝑃𝑉 𝑚𝑜𝑑𝑢𝑙𝑒  𝑊𝐼𝑇𝐻 𝑝𝑟𝑜𝑗𝑒𝑐𝑡, 𝑆𝑈𝑀 𝑡𝑜𝐹𝑙𝑜𝑎𝑡 𝑟𝑒𝑝𝑙𝑎𝑐𝑒 𝑝𝑣𝑀𝑜𝑑𝑢𝑙𝑒. 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦,kWp, 𝐴𝑆 𝑡𝑜𝑡𝑎𝑙𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑅𝐸𝑇𝑈𝑅𝑁 𝑝𝑟𝑜𝑗𝑒𝑐𝑡, 𝑡𝑜𝑡𝑎𝑙𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝐴𝑆 𝑇𝑜𝑡𝑎𝑙 𝑐𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝑂𝑅𝐷𝐸𝑅 𝐵𝑌 𝑡𝑜𝑡𝑎𝑙𝐶𝑎𝑝𝑎𝑐𝑖𝑡𝑦 𝐷𝐸𝑆𝐶 𝐿𝐼𝑀𝐼𝑇 1 
 
This method addresses the challenge of fusing multi-source heterogeneous data, sig-

nificantly simplifying complex queries that were previously cumbersome, if not impos-
sible, to con- duct using conventional tabular approaches. When executed, this code not 
only retrieves data about the entity but also allows for the exploration of interconnected 
information, thereby illuminating the context of the entity within the broader knowledge 
network. This capability is exemplified by a hypothetical interactive visualization, 
where a user can click on an entity within a generated image to access all related infor-
mation. Such a feature demonstrates the dynamic and interconnected nature of the 
knowledge graph, facilitating an intuitive and in-depth exploration of the data, shown 
in Fig 6. 

 
Fig. 6. Result of Query 

The comparative analysis highlights that the developed system surpasses similar pro-
jects in functionality, particularly excelling in real-time data processing, leveraging 
Natural Language Processing (NLP) for the extraction of unstructured data, and the 
automatic generation of professional engineering reports, shown in Table 1. These ca-
pabilities not only ensure the up-to-dateness and comprehensiveness of the knowledge 
graph but also significantly enhance the efficiency and ac- curacy of information syn-
thesis and reporting in PV power projects. Consequently, this positions the system as a 
superior solution within its domain, offering distinct advantages in knowledge manage-
ment and project documentation. 
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Table 1. COMPARISON OF SYSTEM  FUNCTIONS 

System Functions Systems 
This System Paper 1 [1] Paper 2 [2] 

KG Query √ √ √ 
Visualization √ √ √ 

Report Generation √ × × 
Real Time Data √ × √ 
Data Extraction NLP Manual Manual 

Additionally, the evaluation phase of the project encompassed a comprehensive sat-
isfaction survey involving 572 respondents from the stakeholders of this developed sys-
tem, including operational managers, power engineers, maintenance technicians and 
procurement manager. This survey aimed to assess the adaptability and satisfaction 
level of the developed system across these varied industries. The findings, graphically 
represented in Table 2, underscore the versatile applicability of this system and high 
satisfaction rates among professionals from these fields. The results validate not only 
the broad utility of the system but also highlight its potential to revolutionize knowledge 
management and project documentation practices across a wide spectrum of industries. 

Table 2. SATISFACTION SURVEY 

Different 
Stakeholders 

Occupations 
Operations 
Manager 

Power En-
gineer 

Maintenance 
Technicians 

Procurement 
Manager 

Satisfaction 87% 94% 90% 88% 
In conclusion, it is a distinguished performance of the developed system. Unlike its 

counterparts, this system not only automates the process of extracting valuable insights 
from both structured and unstructured data sources through sophisticated algorithms 
but also seamlessly translates these insights into comprehensive, industry-standard en-
gineering re- ports. This dual functionality marks a significant leap towards enhancing 
the efficiency and accuracy of project management in the domain of PV power projects. 
Furthermore, akin to other projects in this field, the developed system boasts a robust 
visualization of the knowledge graph, allowing users to intuitively navigate through 
complex datasets. The query functionality of the system extends beyond mere data re-
trieval, enabling exploration of intricate relationships and interconnected data points 
within the graph. This facilitates not only a deeper understanding of the project scope 
but also aids in identifying potential opportunities and challenges early in the project 
lifecycle. Overall, the exceptional capabilities of the system in automated data extrac-
tion, professional report generation, and comprehensive knowledge graph visualization 
and querying set a new benchmark for technological solutions in the realm of PV power 
project management. 

6 Conclusion 

This paper introduced a systematic solution designed to tackle the complex challenges 
of managing heterogeneous and multi-source data within PV power station projects. By 
harnessing the power of automated knowledge graphs for data organization and 
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analysis, the system efficiently processes unstructured data to generate professional en-
gineering reports, offering a significant leap in knowledge management. The applica-
tion of advanced ontological techniques for converting unstructured data into a struc-
tured RDF format underpins a robust solution that improves data integrity and accessi-
bility while dramatically reducing the manual labor associated with data handling. The 
system is capable of maintaining intricate data relationships within a graph database, 
showcasing a critical enhancement over traditional tabular data storage methods in pro-
ject management. This advancement facilitates seamless data visualization and query-
ing, enabling effortless navigation through the knowledge graph to pinpoint specific 
details and understand their interconnections. Moreover, the automated creation of de-
tailed and precise project engineering reports from structured data and knowledge graph 
insights significantly enriches communication and documentation standards in PV pro-
ject management. Such capabilities prove satisfactory for a wide range of stakeholders 
needing quick, comprehensive project insights to guide decision-making processes.  

Looking ahead, there are several avenues for further expansion of this system. Inte-
gration with emerging technologies such as deep generative models could offer predic-
tive analytics capabilities, forecasting potential issues and optimizing system perfor-
mance proactively. Expanding the adaptability of this system to accommodate data 
from a broader spectrum of renewable energy sources would also enhance its utility, 
making it a more versatile tool for integrated energy management. Lastly, exploring 
interoperability with existing industry standards and platforms could streamline data 
exchange and collaboration across different segments of the energy sector. 
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which permits any noncommercial use, sharing, adaptation, distribution and reproduction in any
medium or format, as long as you give appropriate credit to the original author(s) and the
source, provide a link to the Creative Commons license and indicate if changes were made.
        The images or other third party material in this chapter are included in the chapter's
Creative Commons license, unless indicated otherwise in a credit line to the material. If material
is not included in the chapter's Creative Commons license and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain
permission directly from the copyright holder.
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