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Abstract

This study aimed to analyze the impact of Al-based smart transformation and Internet of
Things (loT) technologies on energy efficiency and institutional sustainability in facilities
management, through an applied case study at Princess Nourah bint Abdulrahman
University in the Kingdom of Saudi Arabia. The study drew on actual operational data
extracted from a digital Energy Dashboard for an energy-saving project in one of the
university's buildings (Building A), covering five operational years (2026-2030) and
comprising precise monthly measurements of energy consumption, operating hours, cost,
and carbon emissions, before and after the application of Variable Frequency Drive (VFD)

technology linked to a smart Building Management System (BMS)

The study adopted a quantitative case study approach within a descriptive—analytical

quantitative research design, in which the unit of analysis was a primary

electromechanical operational system (a motor linked to the HVAC system) equipped with

VFD technology within a smart building management system. This was examined through
an in—depth quantitative analysis of 60 actual, digitally documented monthly observation
points (12 months x 5 years), translating the theoretical relationships between the study

variables into precise, real, and verifiable figures and analyses.

The study found a statistically significant positive effect of smart transformation applications
on operational efficiency, with this efficiency playing a fundamental mediating role in
enhancing institutional sustainability across its three dimensions. The quantitative analysis

of the applied model showed that adopting Variable Frequency Drive technology reduced




the motor's annual energy consumption from approximately 2,920 MWh to approximately
957 MWh — a saving rate of about 67% annually — equivalent to an annual financial
saving of nearly SAR 628,000 and a cumulative saving exceeding SAR 3.1 million over
five years, alongside a reduction in carbon emissions of approximately 1,280 tons of CO,
annually. The study concluded with a set of recommendations, most notably: expanding the
application of Variable Frequency Drive technology to the university's other facilities and
buildings; integrating smart building management systems with Al systems for predictive
maintenance and consumption rationalization; and establishing a specialized energy and
sustainability management unit within the university, in line with the objectives of Saudi

Arabia's Vision 2030 in the areas of energy efficiency and digital transformation.

Keywords: Smart Transformation, Artificial Intelligence, Energy Efficiency, Institutional

Sustainability, Facilities Management, Variable Frequency Drive (VFD), Smart Building

Management, Operational Efficiency.
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