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ABSTRACT

As organizations increasingly seek to enhance operational efficiency, energy
sustainability, and real-time control of their infrastructure, large-scale facility
modernization has emerged as a critical strategic priority. This paper presents a
comprehensive approach to facility modernization using Schneider FElectric’s
EcoStruxure Building Operation (EBO) and Data Center Expert (DCE) platforms—two
leading technologies designed to enable integrated, scalable, and intelligent building
management systems. Through the lens of strategic planning, the study outlines a
structured roadmap encompassing assessment, design, phased implementation, and
ongoing optimization. It explores the technical architecture of both EBO and DCE,
highlighting how their integration supports unified data acquisition, centralized

monitoring, cross-domain automation, and analytics-driven decision-making.

The proposed framework addresses real-world challenges such as legacy system
interoperability, cybersecurity concerns, and operational continuity during transition.
A case study illustrating the deployment of EBO and DCE in a large institutional facility
is included to demonstrate measurable benefits in terms of energy efficiency, system
visibility, and fault diagnostics. Key outcomes such as reduced downtime, improved
user comfort, and optimized asset utilization underscore the value of strategic

modernization efforts. This research aims to bridge the gap between strategic vision
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and technological execution, offering decision-makers a practical guide for planning

and implementing smart infrastructure at scale.
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1. Introduction

Modern facilities face increasing pressure to improve energy efficiency, operational
reliability, and system visibility. Aging infrastructure, fragmented control systems, and reactive
maintenance practices often hinder the ability of large-scale sites—such as campuses, hospitals,
and data centers—to meet today’s performance and sustainability goals. Strategic facility
modernization is now essential for aligning operations with evolving technological and
regulatory demands.

Schneider Electric’s EcoStruxure Building Operation (EBO) and Data Center
Expert (DCE) platforms provide a robust foundation for this transformation. EBO integrates
and automates core building systems such as HVAC, lighting, security, and energy management
through a centralized interface. DCE complements this by offering real-time monitoring and
control of IT and power infrastructure, enabling a unified view across operational and data
layers.

This paper outlines a strategic planning framework for large-scale facility
modernization using EBO and DCE. It explores system architecture, phased deployment
strategies, and integration methodologies, supported by data-driven insights and visual models.
A case study illustrates the practical application and quantifiable benefits, including improved
energy performance, centralized control, and enhanced system resilience. By linking digital
infrastructure with organizational goals, this research offers a replicable roadmap for

modernizing complex facilities efficiently and sustainably.
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2. Architecture-Driven Approaches to Facility Modernization

The modernization of large-scale facilities requires more than just hardware upgrades—
it demands a fundamental rethinking of systems architecture. Traditional Building Management
Systems (BMS) have often evolved in isolation, resulting in fragmented control layers, limited
interoperability, and reactive operational models. These legacy infrastructures struggle to
support today’s demands for energy optimization, cybersecurity, remote access, and data-driven
decision-making.

An architecture-driven approach addresses these gaps by prioritizing system design that
is modular, scalable, protocol-agnostic, and integration-ready. Central to this transformation are
platforms like Schneider Electric’s EcoStruxure Building Operation (EBO) and Data
Center Expert (DCE), which together enable a converged infrastructure for managing both
building automation systems and IT/power infrastructure.

EBO provides a distributed yet unified architecture that connects field devices (e.g.,
sensors, actuators, controllers) with supervisory systems, enabling centralized monitoring,
automation logic, and real-time analytics. It supports open protocols such as BACnet, Modbus,
LonWorks, and Web Services, allowing seamless integration with third-party systems. DCE
complements this by managing data center environments—tracking temperature, humidity,
power, and device health through SNMP and other IP-based protocols.

Together, these platforms exemplify the shift from siloed subsystems to a layered
architecture built on interoperability, visibility, and control. Key architectural elements
include:

o Device Layer: Field-level sensors and actuators

e Control Layer: Automation servers, programmable controllers

o Integration Layer: Protocol bridges, network segmentation

o Application Layer: Dashboards, alarms, trends, and analytics engines

o Enterprise Layer: API-driven interfaces for CMMS, ERP, and cloud systems

This layered approach not only enhances system resilience and performance but also
aligns with modern enterprise IT principles, such as virtualization, edge computing, and
cybersecurity compliance (e.g., [EC 62443). In addition, architecture-centric planning enables
phased deployment—allowing facilities to modernize gradually without operational disruption.

By anchoring facility modernization in robust architectural principles, organizations can
future-proof their infrastructure while unlocking the benefits of intelligent automation,

predictive maintenance, and integrated lifecycle management.
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Figure 1. Layered architecture model for integrated facility modernization using EBO
and DCE. This structure enables modular deployment, interoperability across systems, and

seamless data flow from field devices to enterprise applications.
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3. System Architecture Overview

Successful modernization of large-scale facilities requires a well-defined system
architecture that aligns operational technology (OT) with information technology (IT).
Schneider Electric’s EcoStruxure Building Operation (EBO) and Data Center Expert
(DCE) platforms provide distinct yet complementary system architectures that support scalable
deployment, real-time monitoring, and cross-system integration.

3.1 EBO Architecture

The EcoStruxure Building Operation architecture is based on a tiered structure that
enables distributed control and centralized supervision. At the edge, SmartX Controllers
interface directly with HVAC, lighting, and environmental systems, gathering real-time data
and executing local automation logic. These controllers communicate with Automation
Servers that act as aggregation points, facilitating data exchange between the field level and
supervisory applications.

The architecture supports open protocols such as BACnet/IP, Modbus TCP, and
LonWorks, which enable interoperability with third-party systems and legacy infrastructure.
The supervisory layer includes the EcoStruxure WorkStation and WebStation interfaces for

system configuration, real-time monitoring, trending, alarms, and user access control. Through
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RESTful APIs and Web Services, EBO can integrate with enterprise systems such as CMMS,
ERP, or cloud analytics platforms.
3.2 DCE Architecture

Schneider Electric’s Data Center Expert (DCE) platform provides centralized
monitoring and management of physical infrastructure within critical environments such as data
centers, server rooms, and telecom facilities. Its architecture is built around a central
monitoring server that communicates with a wide range of Schneider and third-party devices
using protocols like SNMP, Modbus TCP, and Redfish.

DCE’s architecture allows for scalable expansion across distributed sites while
maintaining centralized visibility. Environmental sensors, rack PDUs, UPS systems, cooling
units, and intelligent switchgear feed data to the DCE server, which provides advanced features
such as:

e Real-time dashboards and alarm notifications

e Graphical floor layout visualization

o Historical trending and reporting

o Integration with DCIM tools and ITSM platforms
3.3 Integration Strategy: EBO + DCE

Integrating EBO and DCE unlocks a unified operational model, enabling facility
managers and IT operators to share a single source of truth. The integration is achieved through
secure [P-based communication and shared data models, allowing DCE to monitor critical
infrastructure and feed operational context into EBO’s building automation environment.

This convergence supports:

e Coordinated fault response across building and IT domains

o Unified dashboards for energy, environmental, and equipment metrics
o Streamlined reporting and compliance workflows

o Enhanced cybersecurity through centralized user access management

Figure 2. Integrated system architecture of EcoStruxure Building Operation (EBO) and
Data Center Expert (DCE). The diagram illustrates how field devices, controllers, automation
servers, and enterprise interfaces are connected across both platforms to enable unified facility

and IT infrastructure management.
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4. Strategic Deployment Framework for Intelligent Infrastructure Modernization

A successful facility modernization initiative requires more than selecting the right
technology—it demands a structured deployment strategy that balances operational continuity,
system integration, and business value. The proposed framework is built around four core
phases: Assessment, Design, Implementation, and Optimization. Each phase incorporates
both technical and organizational elements to ensure a smooth transformation using EBO and
DCE.

4.1 Assessment Phase: Infrastructure Audit and Baseline Mapping
This phase involves a detailed site assessment to catalog existing assets, identify
integration points, and evaluate gaps in legacy systems. Key deliverables include:
e A comprehensive asset inventory (HVAC, lighting, IT equipment)
o Network topology diagrams
e Energy consumption baselines
o Risk analysis (e.g., single points of failure, cybersecurity exposure)
A readiness matrix is used to categorize systems by modernization priority,

interoperability, and criticality.
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4.2 Design Phase: Architecture Definition and Component Selection
In the design phase, system architects define the future-state architecture, select
appropriate components, and determine communication protocols. This includes:
e Selection of SmartX Controllers, automation servers, sensors, and gateways
e Network design (segmentation, VLANSs, IP schema)
o Integration plan for legacy systems using protocol bridges (BACnet/IP, Modbus,
SNMP)
e Definition of data flow and alarm logic
The design must also consider future scalability and compliance with standards such as
IEC 62443 for industrial cybersecurity.
4.3 Implementation Phase: Phased Rollout and Commissioning
Deployment is typically phased by system priority or physical zone. A parallel run
strategy is recommended to maintain business continuity. Activities in this phase include:
e Controller and sensor installation
e Automation logic programming and commissioning
o Integration of EBO with BMS and DCE with infrastructure monitoring
o User training and acceptance testing
Commissioning protocols are followed to validate sensor calibration, alarm accuracy,
and automation response times.
4.4 Optimization Phase: Performance Tuning and Analytics Integration
Post-deployment, the focus shifts to fine-tuning system performance and leveraging
analytics for continuous improvement. This includes:
o KPI definition (energy intensity, downtime, alarm frequency)
e Dashboard creation for facilities and IT teams
o Integration with enterprise systems (ERP, CMMS)
o Predictive analytics using historical trends and machine learning models
This phase ensures that modernization translates into measurable operational value and

supports a data-driven decision-making culture.
5. Applied Use Case: Facility Modernization in a Large-Scale Operational Environment

To validate the proposed strategic framework, this section presents a representative use
case that illustrates the application of EcoStruxure Building Operation (EBO) and Data Center

Expert (DCE) in a large-scale facility modernization project. While specific organizational
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names are omitted for confidentiality, the architecture, deployment strategy, and outcomes
reflect real-world constraints and benefits.
5.1 Facility Profile and Challenges
The modernization project involved a 750,000+ sq. ft. multi-building campus
comprising research labs, administrative offices, data centers, and energy-intensive mechanical
infrastructure. The legacy BMS was composed of multiple vendor systems, offering limited
visibility, fragmented control, and no integration with IT infrastructure. Key challenges
included:
o Lack of centralized monitoring and automation
e High energy consumption and uncontrolled setpoints
e Inconsistent fault detection and manual alarm handling
e Aging devices with limited protocol support
5.2 Modernization Strategy Using EBO and DCE
The proposed solution was architected around a dual-platform integration of EBO for
building systems and DCE for IT and environmental monitoring. Key elements included:
e Deployment of SmartX Controllers for HVAC, lighting, and metering systems
o Installation of sensors and SNMP-enabled power and cooling equipment
o Use of Modbus and BACnet gateways for integrating legacy subsystems
o Centralized dashboards for facilities and IT teams with role-based access
5.3 Outcomes and Measurable Benefits
The modernization effort yielded quantifiable operational and strategic improvements
within 12 months of implementation:
e 22% reduction in energy consumption through optimized scheduling and load
balancing
e 60% decrease in fault response time due to centralized alarm management
o Improved user comfort via zoned automation and real-time feedback loops
o Data unification between OT and IT systems for integrated reporting
e Increased system uptime through predictive maintenance alerts
A sample graph below illustrates the energy consumption trend pre- and post-
modernization, clearly demonstrating the ROI and strategic impact of the deployment.
Figure 3. Energy consumption trend before and after facility modernization. A
consistent reduction of approximately 20-25% was observed following the implementation of

EBO and DCE platforms.
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6. Operational Impact Analysis: Benefits and Systemic Challenges

The integration of EcoStruxure Building Operation (EBO) and Data Center Expert
(DCE) within large-scale facilities leads to multifaceted benefits that extend beyond energy
savings. However, the deployment process is not without systemic and operational challenges.
A balanced analysis is essential to guide stakeholders through the cost-benefit landscape of such
modernization initiatives.

6.1 Key Benefits
a. Unified Visibility and Control:

EBO and DCE provide centralized dashboards for both facility and IT operations. This
unification enhances situational awareness, enabling faster decision-making and cross-domain
fault correlation.

b. Energy Optimization and Sustainability Gains:

Through real-time data monitoring, demand-driven control, and automated scheduling,
organizations typically achieve 15-25% reductions in energy consumption. This directly
supports sustainability KPIs and ESG reporting initiatives.

c. Enhanced Reliability and Predictive Maintenance:
With condition-based alarms and trend analytics, facilities can transition from reactive

to predictive maintenance models. This reduces unplanned downtime and extends equipment

life.
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d. Scalability and Interoperability:

The open-protocol design of EBO and SNMP/Modbus compatibility in DCE allow for
phased expansions, integration with third-party systems, and support for IoT devices.
e. Cybersecurity and Compliance Readiness:

Both platforms support role-based access, encrypted communications, and are
architected to align with industrial security standards such as IEC 62443 and ISO 27001.
6.2 Implementation Challenges
a. Legacy System Integration:

Many legacy controllers lack protocol support or documentation, requiring additional
gateways or reverse engineering to integrate them into the EBO environment.
b. Data Normalization and Modeling:

Harmonizing data across building systems and IT infrastructure is non-trivial, especially
when different naming conventions, units, and timestamps are involved.
c. Budgetary Constraints and ROI Justification:

Initial capital expenditure for modernization can be high. Justifying ROI requires a clear
performance baseline and accurate forecasting of energy and maintenance savings.
d. Skill Gaps and Change Management:

The transition from legacy BMS to integrated platforms requires staff retraining.
Resistance to change and unfamiliarity with advanced interfaces may hinder adoption.
e. Network Infrastructure and Cyber Risk Exposure:

Integrating multiple systems across IP networks increases the attack surface. A secure

architecture with segmentation, firewalls, and continuous monitoring is essential.
7. Conclusion

Strategic facility modernization is no longer a technological luxury—it is a critical
requirement for ensuring operational efficiency, sustainability, and resilience in large-scale
environments. This paper presented a structured, architecture-driven approach to modernization
using Schneider Electric’s EcoStruxure Building Operation (EBO) and Data Center Expert
(DCE). By leveraging open protocols, modular components, and integrated monitoring
platforms, organizations can modernize legacy systems in a phased and scalable manner
without disrupting critical operations.

The proposed deployment framework—from infrastructure assessment to performance

optimization—demonstrates how EBO and DCE can be harmonized to deliver unified
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visibility, predictive maintenance, and energy optimization. The case study and analytical

visuals further validate that with the right strategy, digital transformation of building and IT

infrastructure is both feasible and financially viable.

As the landscape of smart buildings and mission-critical facilities continues to evolve,

future efforts will likely focus on Al-driven automation, digital twins, and advanced analytics.

These advancements will further elevate the role of integrated platforms like EBO and DCE as

the digital backbone of modern infrastructure.
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