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Abstract: This research illustrates the Enterprise Geodatabase Management System for Renewable Energy Resources in Butana 

Region (in Sudan country), the aim of this research to support the decision support makers. the objectives are To Design GIS Data 

model for renewable energy, To Develop Geodatabase for renewable energy, To Version Geodatabase for Renewable Energy, To 

Replicate Geodatabase for Renewable Energy, To manage Users Access Geodatabase for Renewable Energy, To Secure 

Geodatabase for Renewable Energy. And To Archive for Geodatabase Renewable Energy. The methodology depends on five phases. 

There are many results: design a GIS data model for renewable energy in Butana Regions (Energy, Environment, and Economic 

Model). Design Geodatabase for renewable energy (Solar, wind, and biomass energy) in Butana Region (in Sudan). Implementation 

the Versioning, Replication, manage Users Access, Secure, and Archiving for Renewable Energy Resources in Butana Region (in 

Sudan country), in additionally apply Solar Energy in Khartoum State and Gazera State, Wind Energy in North State and Nile River 

State and Biomass in Kasala State and Gadarf State. In addation to design 4 Dataset (GeoLocation, Energy, Environment, and 

Economic).  The future research: using AI, Big data, IoT, Cyber Security, Data Cloud, and Remote Sensing for Enterprise 

Geodatabase Management System for Renewable Energy Resources. 
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1. Introduction 

The significance of developing sustainable energy sources like Solar Energy, wind Energy, and biomass Energy is crucial 

for the future of renewable energy in Butana Region, Sudan. With the growing demand for electricity and the necessity to shift 

towards Clean or Green energy sources, there is an urgent need to concentrate on Geospatial solutions for managing renewable 

energy resources. The potential of solar, wind and biomass energy in the Butana Regions, Sudan, as well as in specific areas such as 

North State, Nile River State, Kasala State, Gadarf State, Gazera State, and Khartoum State, emphasizes the requirement for efficient 

geospatial analysis and data modeling[1]. Sudan's abundant potential to harness renewable energy resources such as solar, wind, and 

biomass energy is evident. Nevertheless, there are challenges related to energy poverty in Butana Region that need to be addressed. 

Electrifying underserved areas, particularly in rural settings, demands a significant amount of required energy resources. The 

Sustainable Energy for All initiative aims to achieve universal access to modern energy services by 2030[2],[3]. The central 

assumption is that Butana’s diverse sources of renewable energy are not being fully utilized. By focusing on sustainable enterprise 

geodatabase management systems utilizing GIS modeling, Geospatial analysis,  and multi-criteria decision-making methods, it 

becomes possible to develop a sturdy framework for managing renewable energy resources. This involves determining data 

requirements, creating geodatabase schema, populating it with renewable energy data, Storage, and applications[4]. In order to 

maximize its potential for renewable energy production, Butana Region could adopt existing successful energy policies from other 

African and Asia countries. This would require careful planning and diligent alignment within an enterprise GIS architecture. 

Thorough review of the model among teams is necessary in order to optimize publication and maintenance[5]. The future research 

agenda for geospatial renewable energy analysis includes decentralized data storage, sensor data via internet of things (IoT), big data 

utilization, blockchain technology application, integration of 3D building models into GIS systems, implementation of cybersecurity 

measures, as well as advanced geovisualization techniques[6][7]. Ultimately, with careful planning and strategic implementation of 

an Enterprise Geodatabase Management System focusing on sustainable renewable energy resources in Butana, Sudan will play a 

critical role in achieving universal access to modern energy services while supporting global sustainable development goals [8],[9]. 

An Enterprise Geodatabase Management System (EGDBMS) is a system that allows for the convenient management, querying, and 

modification of data, improving working efficiency and data safety performance [10]. It involves the use of a database server module 

for integrated data management [11]. Additionally, the system can store information in a cloud server, allowing for easy querying, 

retrieval, and downloading of electronic archives, facilitating resource integration and improving working efficiency [12]. The system 

also enables information networking through a cloud database, eliminating geographical limitations and allowing for anytime, 

anywhere access to needed information [13]. Furthermore, the system can carry out online management of enterprises through user 

classification, making information networked and more convenient to work with [14]. The system adopts a B/S operating mode, 
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eliminating the need for program installation on user terminals and allowing for information management unaffected by geographical 

limitations [15],[16],[17]. 

The Versioning allows multiple users to modify the same data in an ArcSDE Geodatabase for renewable energy in Butana 

Region (in Sudan) without imposing locks or duplicating data. This feature ensures that users consistently access an ArcSDE 

geodatabase for renewable energy in Butana Region (in Sudan) through a version, facilitating seamless collaboration and editing 

capabilities while upholding data integrity. Furthermore, versioning is crucial for maintaining transaction processing, particularly in 

the context of geospatial technology, where transactions are typically prolonged and extensive. By supporting multiple transactions 

on the data, versioning guarantees that all edits and changes are meticulously tracked and managed, providing a comprehensive 

record of the geodatabase's for renewable energy in Butana Region (in Sudan) evolution. Additionally, versioning is closely linked 

to archiving as it permits the creation of historical versions of transactional data. This historical data is vital for monitoring changes 

over time and examining the progression of renewable energy resources for renewable energy in Butana Region (in Sudan). 

Archiving complements versioning by storing previous transactional versions, contributing to a comprehensive database of historical 

information. In addition to these advantages, versioning also strengthens user access and security measures within the geodatabase. 

It enables effective control over user roles and permissions, ensuring that authorized users can access specific versions based on their 

needs. This level of user access control is critical for upholding data integrity and security within the geodatabase. In conclusion, 

comprehending versioning concepts and benefits is essential for maximizing the potential of an enterprise geodatabase management 

system for renewable energy resources in Butana Region (in Sudan). It establishes a sturdy foundation for collaborative editing, 

comprehensive historical tracking, efficient user access controls, and robust security measures within the Geodatabase for renewable 

energy in Butana Region (in Sudan) [18][19][20]. 

When delving into the replication options and considerations for Renewable Energy Resources in Butana Region (in Sudan), 

it is vital to grasp the different types of replicas and their practical applications. Geodatabase replication Renewable Energy 

Resources in Butana Region (in Sudan) enables the distribution of data across multiple geodatabases for Renewable Energy 

Resources in Butana Region (in Sudan), which is crucial for scenarios such as mobile users and field crews, copies of data at various 

organizational levels, and production and publication geodatabases Renewable Energy Resources in Butana Region (in Sudan). It 

supports both LAN and WAN environments, facilitating synchronization between local and remote geodatabases for Renewable 

Energy Resources in Butana Region (in Sudan) [21].An essential concept in geodatabase replication for Renewable Energy Resources 

in Butana Region (in Sudan) is the capability to replicate specific versions, datasets, or subsets of features within selected datasets. 

This flexibility allows for efficient data distribution based on the specific needs of different user groups or geographic 

facilities[22].Considering versioning concepts and benefits is also important when implementing geodatabase replication. Version 

management plays a significant role in ensuring data integrity and tracking changes across distributed geodatabases. By 

comprehending versioning concepts, organizations can effectively implement version management in the replicated geodatabases 

for Renewable Energy Resources in Butana Region (in Sudan) [23],[24]. Another critical consideration is the implementation of 

security measures to protect the replicated geodatabases for Renewable Energy Resources in Butana Region (in Sudan). Identifying 

security risks and vulnerabilities is crucial for applying appropriate security measures to safeguard the distributed renewable energy 

data. This involves defining user roles and permissions, implementing user access controls, and considering encryption methods to 

protect sensitive information [25]. Furthermore, organizations should define archiving policies and requirements for the replicated 

geodatabases for Renewable Energy Resources in Butana Region (in Sudan). Implementing data archiving strategies ensures that 

historical data is preserved and can be accessed when needed. This is particularly important for tracking changes over time in 

renewable energy resources and maintaining a comprehensive dataset for future analysis [26]. Overall, exploring replication options 

and considerations for a geodatabase for Renewable Energy Resources in Butana Region (in Sudan) involves understanding use 

cases, versioning concepts, security measures, and archiving policies. By addressing these factors, organizations can effectively 

distribute renewable energy data across multiple geodatabases for Renewable Energy Resources in Butana Region (in Sudan) while 

ensuring data integrity, security, and accessibility [27][28]. 

Establishing user roles and permissions within an enterprise geodatabase for Renewable Energy Resources in Butana 

Region (in Sudan)  is a critical aspect of efficient and secure data management. As previously mentioned, the process of defining 

user roles and permissions includes granting Data Definition Language (DDL) privileges to create, alter, or drop objects in the 

database. This responsibility lies with the database administrator, who can utilize database tools to assign these privileges [29]. 

Individual data owners also have a role in managing user access by controlling Data Manipulation Language (DML) privileges on 

their datasets. They have the authority to grant privileges to other users or groups, allowing them to select, insert, update, or delete 

records in their tables and feature classes. This procedure can be managed through wizards in ArcGIS Pro or by using geoprocessing 

tools [30]. It is worth noting that the required privileges are determined by a person's role within the organization. Therefore, specific 

help pages for each supported database management system offer detailed information on this matter. Furthermore, defining user 

roles and permissions encompasses implementing user access controls within the Geodatabase for Renewable Energy Resources in 

Butana Region (in Sudan) as a way to enforce security measures and ensure that data is only accessed by authorized personnel [31]. 

In summary, defining user roles and permissions entails a collaborative effort between the database administrator and individual data 
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owners to effectively manage access while upholding security and integrity within the enterprise geodatabase for renewable energy 

[32][33][34]. Safeguarding an enterprise geodatabase for Renewable Energy Resources in Butana Region (in Sudan) requires a 

thorough identification of security risks and vulnerabilities. With the growing emphasis on sustainable energy systems, it is 

imperative to guarantee the security of the geodatabase against potential threats that could jeopardize the confidentiality and integrity 

of renewable energy data(Solar, wind, biomass energy) [35]. Among the primary security risks for geodatabases in the context of 

renewable energy in Butana Region(in Sudan) is the potential for unauthorized access to sensitive information. This encompassess 

exclusive data related to renewable energy sources, infrastructure, and development plans. Unauthorized access could result in data 

breaches and compromise the competitiveness of renewable energy projects[36]. Another critical security vulnerability that demands 

attention is the risk of cyber-attacks. Geodatabases housing valuable renewable energy data are alluring targets for malicious actors 

seeking to disrupt or pilfer information. Therefore, robust cybersecurity measures such as hacking, malware, or denial-of-service 

attacks must be implemented to protect against potential threats[37]. Moreover, ensuring data integrity and reliability is vital for 

geodatabases managing renewable energy resources in Butana Region (in Sudan). Any compromise in data integrity could have 

significant implications for decision-making processes concerning renewable energy projects and investments. As a result, measures 

such as encryption, data validation, and regular backups need to be implemented to safeguard against potential integrity issues[38]. 

Additionally, compliance with relevant regulations and standards is indispensable for securing a geodatabase for Renewable Energy 

Resources in Butana Region (in Sudan). This involves adhering to industry-specific guidelines as well as broader data protection 

laws to ensure that the handling of sensitive renewable energy data meets legal requirements. In conclusion, identifying security 

risks and vulnerabilities in a for Renewable Energy Resources in Butana Region (in Sudan) entails addressing potential threats 

related to unauthorized access, cyber-attacks, data integrity, and regulatory compliance. By implementing robust security measures, 

it is possible to mitigate these risks and ensure the secure management of valuable Renewable Energy Resources in Butana Region 

(in Sudan) [39][40][41][42],[43]. 

Establishing effective archiving policies and requirements is essential for the efficient management of a geodatabase for 

Renewable Energy Resources in Butana Region (in Sudan). Geodatabase archiving for Renewable Energy Resources in Butana 

Region (in Sudan) offers the functionality to document and access changes made to data in a geodatabase, enabling organizations to 

preserve and manage data modifications. By enabling geodatabase archiving, organizations can address common inquiries about 

their renewable energy data, such as the value of a specific attribute at a particular time or how a specific feature has evolved over 

time,[44],[45] [46][47]. 

 

2. Methodology 

There are five phases to Develop enterprise Geodatabase renewable energy resources: GIS Data Model, Design Geodatabase, 

Version Geodatabase, Distribution Geodatabase, and Archive Geodatabase. 

2.1. Design Renewable Energy GIS Data Model [48]: here we should design GIS -Data Model throw three Steps: Conceptual Model 

(identify business requirement, identify thematic layers, identify required applications, and document), Logical Model (Define 

tabular database structure, Define relationships, Determine spatial properties, and document), and Physical Model (Create and 

implement model design, generate physical schema in the RDBMS/ FGDB, Test and validate, and document). To design an 

effective GIS data model for renewable energy Butana Region (in Sudan), it is essential to analyze solar radiation maps, wind 

speed data, and geographical information to identify suitable locations for solar farms and wind energy systems based on the 

available resources and potential sites for renewable energy projects. The GIS data model should also integrate data from 

sources such as the Global Solar Atlas, Global Wind Atlas, Multi-Criteria Analysis for Planning Renewable Energy (MapRE), 

and other relevant datasets to provide a comprehensive view of the Butana Region (in Sudan) renewable energy potential. 

2.2. Develop Renewable Energy Geodatabase: here we should develop Geodatabase throw five Steps (ADDIE): Analysis, Design, 

Develop, Implementation, Evaluation. In summary, determining the data requirements for the Enterprise Geodatabase 

Management System entails a comprehensive analysis of both current renewable energy resources in the Butana Region (in 

Sudan) as well as future prospects. It involves evaluating geographical aspects, distribution patterns, environmental 

assessments, investment projects, and application of new renewable sources of energy. 

2.3. Renewable Energy Versioning Geodatabase: here we should implement of version management in the geodatabase for 

Renewable Energy Resources in Butana Region (in Sudan) involves establishing versioning specifications and workflows, 

defining how versions will be handled, and leveraging geodatabase replication for Renewable Energy Resources in Butana 

Region (in Sudan) whenever possible. These steps are essential for ensuring efficient collaboration among multiple users while 

maintaining data integrity and accessibility[49] 

2.4. Renewable Energy Distributing Geodatabase : proficiently setting up and managing geodatabase replication for renewable 

energy involves understanding use cases, establishing data requirements, versioning concepts, user access controls, security 

measures, among other factors. By adhering to best practices in configuring replication for renewable energy resources in 
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Sudan, organizations can ensure that their geodatabases are effectively synchronized across different locations while upholding 

data integrity and security[50]. the management of user access controls within the renewable energy Geodatabase entails the 

assignment of permissions at various levels, including DDL and DML privileges based on specific roles and responsibilities 

within the organization [51]. identifying security risks and vulnerabilities in a Geodatabase for renewable energy resources in 

Butana Region (in Sudan) entails addressing potential threats related to unauthorized access, cyber-attacks, data integrity, and 

regulatory compliance. By implementing robust security measures, it is possible to mitigate these risks and ensure the secure 

management of valuable renewable energy resources. 

2.5. Renewable Energy Archiving Geodatabase : establishing archiving policies and requirements for managing a geodatabase for 

Renewable Energy Resources in Butana Region (in Sudan) involves thoughtful consideration of data management practices 

and security measures. By implementing effective archiving policies, organizations can ensure that their renewable energy data 

is preserved, accessible when necessary, and safeguarded from potential risks or threats[52]. 

3. Results 

This research to discuss and implementation the enterprise Geodatabase for renewable energy (solar, wind, and biomass energy) 

in Butana Region (in Sudan). 

Designing a GIS Data Model for Renewable Energy in Butana Region (in Sudan) requires a thorough understanding of the 

specific requirements and needs of the renewable energy sector in the region. Butana Region (in Sudan) is abundant in solar 

irradiation, wind energy, hydropower, geothermal, and biomass resources, with an annual radiation range that surpasses the global 

average and ample unused land available for renewable energy development. Furthermore, Solar, wind, and biomass energy has 

been identified in various areas of Butana Region (in Sudan), indicating further opportunities for tapping into diverse renewable 

energy sources. Additionally, populating the geodatabase with renewable energy data is crucial for creating an accurate 

representation of the available resources[53]. Gathering information on solar radiation, wind speeds, and biomass resources will 

create a detailed database that can guide planning and decision-making in the renewable energy sector. By developing a robust GIS 

data model tailored to Sudan's renewable energy landscape, it becomes possible to harness the full potential of diverse sources such 

as solar, wind, and biomass resources[54]. This sets the stage for informed decision-making and strategic planning to maximize 

sustainable energy production in Butana Region (in Sudan).  Also we need many steps to integrity and validation strategies of data 

renewable energy resources : Don’t allow start editing(read only users, without land base layers), No inserts without pre-requisite 

checks(Out side of editing areas, street light without Poles, Equipment without structures, required attribute values (WO Number, 

Number of Phrases, etc) in attribute columns), Reconcile/Save edits only after rules validation (Domain checks, Connectivity rules), 

allow to post data with warnings (Run batch processes to perform additional checks)). Moreover, when implementing the physical 

Geodatabase for renewable energy, it is essential to prototype, test, review, and refine the design. Attention should be dedicated to 

factors such as projection on-the-fly costs, density of features, spatial placement vs. logical placement, and data update cycles. These 

aspects can significantly impact functionality and usability [55][56][57]. In order to establish the data needs for the Enterprise 

Geodatabase Management System for Renewable Energy Resources in Butana Region (in Sudan), it is crucial to take into 

consideration a variety of factors. Butana Region (in Sudan),  with its favorable climate and extensive land areas, holds significant 

potential for utilizing renewable energy sources such as solar, wind, and biomass energies. This necessitates designing the 

Geodatabase to accommodate data related to these diverse energy sources[58]. When developing a geodatabase schema for renewable 

energy(Solar, Wind, Biomass energy), it is crucial to carefully consider the conceptual, logical and physical relationships of the data 

within the Geodatabase. Furthermore, comprehending the current energy situation and distribution of energy production and 

consumption according to various sources in Butana Region (in Sudan) is imperative. Here we are focusing on three resources (Solar, 

Wind, Biomass energy), and we select apply Solar Energy in Khartoum State and Gazera State, Wind Energy in North State and 

Nile River State and Biomass in Kasala State and Gadarf State. In addation to design 4 Dataset (GeoLocation, Energy, Environment, 

and Economic.) 

 It is also vital to take into account the necessity for SQL support, collaborative editing, and long transactions. Ensuring functionality 

and seamless data access for multiple users and states concurrently is equally important. The schema design should also encompass 

quality control and assurance measures to uphold data accuracy [59].Incorporating renewable energy data into the Geodatabase for 

renewable energy is a critical step in harnessing Sudan's renewable energy resources. With the availability of geodata services from 

ArcGIS Server, remote access to the Geodatabase for renewable energy becomes feasible, enabling querying, data extraction, and 

replication operations. This creates opportunities to populate the geodatabase with renewable energy data from various sources, 

including assessments of solar and wind potential, studies on economic viability, and geographic information system (GIS) based 

multi-criteria decision-making methods [60].The schema must uphold data integrity and quality, reflecting the structure and 

organization of the data elements such as dataset, feature classes, tables, domains, and relationships. 

We selected five functions to enterprise Geodatabase for renewable energy in Butana Region (in Sudan): Renewable Energy 

Versioning Geodatabase, Renewable Energy Replications Geodatabase, Renewable Energy User Access Geodatabase, And 

Renewable Energy Archiving Geodatabase  
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we need to versioning type as traditional versioning and branch versioning. The implementation of version management in 

the geodatabase is a critical factor in ensuring the efficient and effective utilization of renewable energy resources in Butana Region 

(in Sudan). Versioning allows multiple users to edit the same data in an ArcSDE geodatabase without imposing locks or duplicating 

data. It is crucial to establish versioning specifications and workflows, including elements such as versioning structure, reconcile, 

post, and compress regimes, and edit volumes to handle multiple transactions on the data. This ensures a streamlined platform for 

collaborative data editing. When implementing version management, it is important to carefully consider how versions will be 

handled. This involves determining aspects such as lifespan, conflict management, naming conventions, structure, security, and 

workflow management systems for handling versions. Through careful planning and definition of these aspects, organizations can 

optimize the geodatabase for Renewable Energy Resources in Butana Region (in Sudan) for multiuser editing while maintaining 

data integrity and security. Furthermore, leveraging geodatabase replication for Renewable Energy Resources in Butana Region (in 

Sudan) when possible is essential as it provides support for the full geodatabase data model for Renewable Energy Resources in 

Butana Region (in Sudan), including topologies, networks, terrains, relationships, etc., while avoiding limits or complexities 

associated with other methods. Replication plays a crucial role in improving access to data and enhancing performance by placing 

the data close to users within an enterprise environment [61].  

Geodatabase replication serves as a crucial tool for dispersing data across multiple geodatabases for Renewable Energy 

Resources in Butana Region (in Sudan), particularly in the realm of managing enterprise-level renewable energy resources. There 

are various scenarios in which geodatabase replication proves beneficial, such as supporting mobile users and field crews, creating 

duplicates of data at diverse organizational levels and geographic facilities, and replicating production and publication geodatabases. 

Replication can be executed over LAN or WAN connections, allowing for the synchronization of local and remote geodatabases for 

Renewable Energy Resources in Butana Region (in Sudan). When setting up and overseeing geodatabase replication for Renewable 

Energy Resources in Butana Region (in Sudan), it is imperative to ascertain the data requirements and devise a schema that aligns 

with the specific needs of the renewable energy sector. This encompasses deliberating on the types of replicas required, such as one-

way or two-way replication, while also pinpointing the source and target geodatabases. An essential consideration when configuring 

replication for renewable energy is version management. Grasping versioning concepts and benefits is paramount when integrating 

version management in the geodatabase to ensure that updates and changes are accurately tracked and synchronized across replicas. 

Another crucial aspect of configuring geodatabase replication for Renewable Energy Resources in Butana Region (in Sudan) is 

regulating user access. Defining user roles and permissions aids in controlling who can make alterations to the replicated data, 

guaranteeing that only authorized personnel can access and amend information in the Geodatabase for Renewable Energy Resources 

in Butana Region (in Sudan).  Finally, security measures must be applied to safeguard the replicated geodatabase for Renewable 

Energy Resources in Butana Region (in Sudan) from potential risks and vulnerabilities. This entails identifying security risks specific 

for Renewable Energy Resources in Butana Region (in Sudan)  data and instituting appropriate measures to uphold the integrity and 

confidentiality of the information [62]. 

To effectively manage user access controls within the renewable energy Geodatabase in Butana Region(in Sudan), it is 

crucial to assign permissions to user accounts, groups, or roles in order to enable them to carry out necessary tasks. The responsibility 

of granting Data Definition Language (DDL) privileges to create, alter, or drop database objects falls on the shoulders of the database 

administrator and can be executed using specialized database tools. Moreover, individual data owners play a key role in regulating 

Data Manipulation Language (DML) privileges on their datasets and have the authority to bestow these privileges upon other users 

or groups, permitting them to perform actions such as selecting, inserting, updating, and deleting records within tables and feature 

classes. In addition, those managing datasets in an enterprise Geodatabase for Renewable Energy Resources in Butana Region (in 

Sudan) are tasked with not only adding datasets but also providing other users with access to the data. Their responsibilities also 

include maintaining networks, defining topological relationships and rules, creating domains, defining subtypes, enabling editor 

tracking, defining attribute rules, enabling archiving or versioning, as well as altering the table schema. Furthermore, geodatabase 

administrators must take ownership of all the database objects that constitute an enterprise Geodatabase for Renewable Energy 

Resources in Butana Region (in Sudan) and undertake specific maintenance tasks related to geodatabase management. It is important 

to note that they do not require as many privileges within the database management system as traditional database administrators 

[63].  

The types of users like Editors, Managers, Administrators, Views, and Stakeholders. The type of access granted can be any 

like, read-only, read, and write. There are two methods are using to access control: Privileges (Geodatabase/System/Object 

Privileges), and Roles (Reduced privilege administration, Dynamic privilege management, Application-specific security). There are 

Three Stages to Enterprise Geodatabase Manage Users Access Renewable Energy Resources: Accounts, Rules & Privileges, and 

Connect. Safeguarding an enterprise Geodatabase for for Renewable Energy Resources in Butana Region (in Sudan) requires a 

thorough identification of security risks and vulnerabilities. With the growing emphasis on sustainable energy systems, it is 

imperative to guarantee the security of the Geodatabase for Renewable Energy Resources in Butana Region (in Sudan) against 

potential threats that could jeopardize the confidentiality and integrity of renewable energy data. Among the primary security risks 
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for geodatabases in the context of renewable energy  in Butana Regio (in Sudan) is the potential for unauthorized access to sensitive 

information. This encompassess exclusive data related to renewable energy sources, infrastructure, and development plans. 

Unauthorized access could result in data breaches and compromise the competitiveness of renewable energy projects. Another 

critical security vulnerability that demands attention is the risk of cyber-attacks. Geodatabases housing valuable renewable energy 

data (Solar, wind, and biomass energy) are alluring targets for malicious actors seeking to disrupt or pilfer information. Therefore, 

robust cybersecurity measures such as hacking, malware, or denial-of-service attacks must be implemented to protect against 

potential threats. Moreover, ensuring data integrity and reliability is vital for geodatabases managing renewable energy resources in 

Butana Region(in Sudan). Any compromise in data integrity could have significant implications for decision-making processes 

concerning renewable energy projects and investments. As a result, measures such as encryption, data validation, and regular backups 

need to be implemented to safeguard against potential integrity issues. Additionally, compliance with relevant regulations and 

standards is indispensable for securing a geodatabase for renewable energy resources in Butana Region (in Sudan). This involves 

adhering to industry-specific guidelines as well as broader data protection laws to ensure that the handling of sensitive renewable 

energy data meets legal requirements[64][65]. 

Geodatabase archiving for Renewable Energy Resources in Butana Region (in Sudan) captures changes from the moment 

it is activated until it is deactivated, allowing users to connect to historical versions of the data. Historical versions present a read-

only representation of the geodatabase at a specific moment in time, allowing users to easily examine data changes[66],[67]. To define 

archiving policies and requirements effectively, organizations must take into account factors such as data needs, schema creation, 

populating the geodatabase with renewable energy data (Solar. Wind, and Biomass), and version management. Establishing user 

roles, permissions, and access controls is also crucial to ensure that only authorized users can access and modify renewable energy 

data in the Geodatabase Renewable Energy Resources in Butana Region (in Sudan). Additionally, organizations should identify 

security risks and vulnerabilities related to their renewable energy geodatabases and implement security measures to safeguard the 

data from unauthorized access or breaches. This involves implementing encryption mechanisms, access controls, and other security 

measures as necessary. Furthermore, defining archiving policies includes determining what data needs to be archived, how frequently 

it should be archived, and under what conditions. Implementing strategies for archiving historical versions of renewable energy data 

enables organizations to maintain comprehensive records of changes over time 

4. Conclusion 

There are many results: design a GIS data model for renewable energy in Butana Regions (Energy, Environment, and 

Economic Model). Design Geodatabase for renewable energy (Solar, wind, and biomass energy) in Butana Region (in Sudan). 

Implementation the Versioning, Replication, manage Users Access, Secure, and Archiving for Renewable Energy Resources in 

Butana Region (in Sudan country), in additionally apply Solar Energy in Khartoum State and Gazera State, Wind Energy in North 

State and Nile River State and Biomass in Kasala State and Gadarf State. In addation to design 4 Dataset (GeoLocation, Energy, 

Environment, and Economic).  The future research: using AI, Big data, IoT, Cyber Security, Data Cloud, and Remote Sensing for 

Enterprise Geodatabase Management System for Renewable Energy Resources. 
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