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Abstract 
This research explores the evolution 
and potential of smart buildings as a 
response to the persistent energy 
inefficiencies found in traditional and 
even well-commissioned structures. 
Despite existing energy-saving 
practices, buildings continue to use 
up to three times more energy than 
predicted. Smart buildings leverage 
advanced technologies such as the 
Internet of Things (IoT), Artificial 
Intelligence (AI), and Building 
Automation Systems (BAS) to create 
intelligent environments capable of 
real-time data monitoring, decision-
making, and system optimization. 
Smart buildings integrate physical 
elements—like orientation, 
insulation, and materials—with 
advanced control systems for HVAC, 
lighting, and security. AI agents are 
central to these systems, offering 
capabilities in perception, cognition, 

and control to optimize comfort, 
energy use, and operational 
performance. The study highlights 
the need for standardized reference 
architecture to enable scalable, cost-
effective smart systems across 
diverse building types. 
The paper proposes the B-SMART 
reference architecture, enabling 
interoperability between new 
technologies and legacy systems. It 
supports efficient energy 
management through data-driven 
decision-making and enhances 
system integration via modular, AI-
enabled platforms. 
Smart buildings contribute to global 
sustainability goals by reducing 
emissions, improving indoor 
environmental quality, and enabling 
adaptive, user-centered spaces. The 
research underscores the importance 
of combining sustainable design 
practices with intelligent systems to 
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meet future urban and environmental 
challenges. 
1- Introduction 

Buildings are a key component 
of the built environment, and at the 
global level they are responsible for 
approximately 32 of global energy 
use and approximately 19 of global 
CO2 emissions. Furthermore, 
buildings account for 72 of US 
electricity use, with higher value for 
more developed countries. Given 
these responsibilities for such a large 
percentage of global energy usage, 
buildings have been the focus of 
significant efforts in research and 
practice to develop best practice 
responses. This effort has formed a 
body of commissioning practices 
which form a set of common 
practices, tools, and methods that are 
implemented throughout the building 
life cycle that can reduce energy 
consumption by 15-30 in the 
residential sector and 30-40 in the 
commercial sector. However, even 
for those buildings designed and 
commissioned for significant 
efficiency, there is a persistence of 
performance gaps in the energy use of 
the built environment between 
measured and predicted use. This is 
reflected in field studies that showed 
that 30 of buildings consume 254 
energies relative to predicted 
operational energy use at occupancy, 

while as much as 100 of buildings 
consume 299 energies relative to pre-
occupancy predictions and energy 
use intensity benchmarks alike. 
Compounding this persistence of 
inefficiency, 30 of new building stock 
and 1 of existing building stock are 
commissioned, and less than 1 of 
over 50 thousand commercial 
ventilating heating and air 
conditioning systems in the US have 
automated fault detection and 
diagnostics applied. 

More broadly, there is a 
disconnect between the knowledge 
embedded in building management 
systems and the demands of the 
facility managers accountable for the 
built environment. In response to this 
significant energy consumption, an 
intense wave of research efforts has 
sought to leverage these new 
capabilities to implement Smart or 
Ongoing Commissioning (SOCx)an 
outcome of the ‘Smartifying’ of the 
built environment enabled by the 
deployment of the Internet of Things. 
This seeks to create an interoperable, 
reconfigurable, remotely 
configurable, and monitorable built 
environment where all knowledge 
about such an environment is 
digitized and operable within a 
closed-loop architecture of sensors, 
algorithms, and actuators. However, 
the research gap that this study seeks 
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to address is the absence of any 
reference architecture for Smart 
Buildings or SOCx. 
 Metric  ᐱᐲᐳ Value  ⧿⨀⨁⨂⨃ Explanation ݘݗݖݕݔݓ 

30% of 
buildings 

Use 254% of 
predicted 
energy 

Actual energy use 
is 2.5× higher than 
design estimates 

Up to 100% 
of buildings 

Use 299% of 
predicted 
energy 

Energy use is 
nearly 3× above 
benchmarks or 
pre-occupancy 
models 

Performance 
Gap 

Persistent 
across sectors 

Common even in 
commissioned 
buildings 

Root Causes Faulty 
systems, poor 
tuning, user 
behavior, lack 
of feedback 
loops 

Often undetected 
without smart 
monitoring 

2- The Concept of Smart Buildings 
RSmart buildings indicate the 

transition from conventional to 
intelligent structures, which can be 
evaluated using parameters such as 
six-sigma, green index, indoor air 
quality management, intelligent 
building index, and energy 
performance index [1]. A smart 
building contains integrated systems 
that facilitate the sharing of the same 
field bus for various building 
management functions, such as 
security, safety, energy management, 
maintenance, and control of the living 
and working environment. 
Furthermore, a smart building 
manages the building systems based 
on a set of intelligent algorithms that 

ensure comfortable and productive 
environments while minimizing 
costs. In recent years, the world has 
witnessed some dramatic changes, 
including industrial transformation, 
rapid population growth, 
urbanization, climate change, and 
energy crisis. Accordingly, national 
and international bodies, including 
governments, manufacturers, 
investors, and consumers, have made 
efforts to make urbanization more 
sustainable. They have been working 
towards the development of 
Sustainable Cities and Communities, 
the 11th Sustainable Development 
Goal, and Smart Cities, which is a 
term used broadly to shape 
innovative projects in cities and 
municipalities. In this regard, the 
concept of smart buildings has 
evolved and developed significantly, 
especially since the idea of 
green/sustainable buildings was 
introduced. Smart buildings can 
better meet their occupants' needs 
regarding housing, working, leisure, 
and learning. Smart buildings use 
networks of smart appliances, 
sensors, and artificial intelligence 
applications to collect data about 
their environmental conditions. Then, 
they process and analyze the data for 
different purposes, including energy 
management, air quality monitoring, 
and fault detection. A smart building 
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follows certain standards in 
renewable energy production and 
automates its devices and equipment 
for energy use efficiency. Smart 
buildings can use different 
technologies to detect pollutants and 
hazardous materials and notify the 
relevant occupants and authorities. 
They usually undertake certain 
programmed plans to eliminate the 
detected contaminants and include 
data collection, analysis, and 
presentation as an additional service 
for the building users. 

 
3- Historical Context and 
Evolution 

Intelligent buildings were 
capable of collecting and analyzing 
information about building use and 

performance. These capabilities were 
used to produce insights that 
improved the operation of the 
buildings, resulting in energy savings 
and the improved comfort, safety, 
and security of the occupants. 
Technologies for data collection such 
as computer vision, sensing, and 
communication have developed 
dramatically during recent decades. 
The combination of these data 
collection technologies with data 
analytics and artificial intelligence 
presents a means for creating new 
knowledge and insights about 
building occupant behavior and 
performance. Such information can 
be helpful not only to improve the 
operation and performance of a 
building but also to improve its 
design, thus, leading to the 
evolvement of the ubiquitous 
“smarter” spaces. Acknowledging 
the importance and potential of smart 
buildings, industry and research 
communities have been weeding to 
standardize and catalog these new 
facilities and have been exploring a 
promising means to achieve their 
large-scale adoption and deployment 
[2]. 

The term and definition of 
smart buildings have evolved and 
transformed over the years of 
advancement in building science and 
technology. In the 1980s and 1990s, 
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these types of buildings were referred 
to as intelligent buildings and were 
typically defined as buildings 
incorporating lots of automation 
technologies such as computerized 
building management systems for 
operation and control, human-
machine interface workstations, and 
enterprise-level building information 
management systems for monitoring 
and analysis of building performance. 
Such buildings capable of collecting 
and analyzing information about 
building operation, utilization, and 
performance. These capabilities were 
used to produce insights and 
knowledge that improved the 
building operation for energy 
savings, improved comfort, and 
enhanced safety and security. Smart 
buildings, Investment in Smart 
Building Technologies, Intelligence 
in Building Architecture, Smart 
Building Technologies that were at 
first defined and considered as a new 
breed of building autonomously 
manipulated and adaptive to the 
behavior and activities of their 
occupants. 
4- Key Technologies in Smart 
Building Design 

The modern world relies 
heavily on energy consumption and is 
increasingly concerned with climate 
change, leading to the long-term goal 
of a zero-carbon economy. Through 

energy savings, the development of 
smart buildings reduces the building 
energy footprint necessary for 
sustainable development. Through 
research, development, and 
preliminary field studies, Smart and 
Ongoing Commissioning (SOCx) 
techniques were developed to 
monitor, diagnose, and tune building 
systems. Machine learning 
developments, widely available 
cloud computing, and data access 
create a unique opportunity to 
manage buildings most efficiently. 
Large deployments of SOCx have 
been demonstrated to provide energy 
savings as high as 70%. However, the 
growing gap between the rapid 
growth of Smart Buildings and 
supported computational 
environments capable of harnessing 
that growth is a largely unaddressed 
research gap. 

Many smart building design 
principles currently exist that enable 
programming advanced 
functionalities if building systems 
individually. The contrived design of 
building management information 
systems fails if the underlying 
building system lacks requisite 
functions. As the focus shifts to 
building subsystems, system 
designers are falling into a similar 
trap. Constructing systems capable of 
supporting complex interactions is 
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challenging. In this context, there is a 
critical need for a reference 
architecture to ensure that each 
subsequently designed building 
system supports a requisite set of 
basic functions and is interactive with 
a broader building system. 
The proposed reference architecture 
permitted the timely, cost-effective 
design of smart building systems, 
providing a new context for the 
growing body of building agent 
technology and the opportunity to 
develop system archetypes and 
templates. This paper presents the B-
SMART reference architecture 
through a set of functional, and 
information views, relates it to 
existing frameworks, and highlights 
the opportunities enabled by this 
reference architecture. A more 
informed and effective understanding 
of agent design principles will 
facilitate the wide-scale uptake of 
advanced building agents through the 
open-sourcing of agent platforms and 
otherwise sharing agent design 
knowledge. This will broaden the 
availability of smart agent technology 
through low-cost licensable 
platforms that are affixed to large 
building portfolios, potentially 
lowering service costs as the market 
expands.  

 
1- Internet of Things (IoT) 

As the hub of smart cities, 
intelligent buildings represent one of 
the most significant components of 
the IoT ecosystem, driven by the 
demand for energy conservation and 
emission reduction in the 
construction industry. Energy 
consumption of buildings accounts 
for more than 30% of the world’s 
total energy consumption, which 
primarily concentrates on heating, air 
conditioning, lighting, and water 
heating. Construction-related energy 
consumption emissions (core 
emissions) are 30% of the total 
carbon emissions. Three technical 
breakthroughs have promoted the 
intelligentization methods of 
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buildings: artificial intelligence (AI), 
5G network, and highly sensitive 
micro-sensors. 

Intelligent buildings 
empowered by AI, 5G 
communication, and micro-sensors 
are capable of collecting a large 
amount of data for knowledge 
derivation, from which a variety of 
interesting and useful conclusions 
can be drawn, such as energy 
consumption time series forecasting, 
energy consumption causal analysis, 
and energy consumption 
Transformer; thus aiding more 
efficient green operation for 
buildings. Based on the construction 
of highly efficient green intelligent 
buildings, fully integrated and 
advanced green operation models, 
techniques, and tools are commonly 
used by virtue of the emerging 
advanced information technologies 
and artificial intelligence (AI) 
methods. 

This paper focuses on the 
concept of data-driven building 
intelligence, especially how to 
exploit novel AI methodologies for 
knowledge extraction from building 
data sets based on a variety of 
advanced machine learning methods, 
deep learning models, and computer 
vision methods. To tackle the 
challenges, the framework of model-
driven green operation for intelligent 

buildings is proposed, where 
essential green operation tasks are 
classified into three major categories, 
including green data fusion, 
knowledge derivation, and green 
operation. Based on the technical 
framework, individual advanced AI 
techniques are used as a reference to 
tackle some specific building data 
problems. Lastly, the barriers to 
research and applications of 
intelligent green buildings and future 
research and developments are 
highlighted as prospects. 
2- Artificial Intelligence (AI) 

Artificial intelligence (AI) is 
defined as a branch of computer 
science that involves the simulation 
of intelligent behavior in computers. 
This broad definition encompasses a 
range of concepts. In this context, AI 
specifically refers to using an 
intelligent agent to make appropriate 
decisions to fulfill a task directive in 
the relevant world for automatic 
building systems. Such agents require 
three core capabilities in order to 
operate autonomously: perceptive, by 
understanding the relevant world and 
extracting its current state from data, 
cognitive, by generating an 
appropriate response to an 
environment state that conforms to 
the task directive, and effecting, by 
conveying the designed response to 
the relevant system to enact the 
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desired control outcome. These three 
capabilities correspond to the three 
core functionalities avoided in AI-
enabled smart buildings: perception, 
cognition, and effecting. 

Perception refers to inferring 
the relevant world state in a formal 
sense of model management. In other 
words, perception allows for a 
controlled, selective understanding of 
the relevant world by eluding 
irrelevant content and uncertainty. In 
this sense, representation is a key 
issue for percipients' formal 
articulations of the world's 
deterministic and indeterministic 
aspects. Typically, the relevant world 
of a smart building spans a multitude 
of aspects, including, but not limited 
to, the physical environment and the 
building systems running upon it. 

Cognition refers to generating 
suitable changes in the relevant world 
to satisfy the task directive or fulfill a 
goal state. To this end, cognition 
requires establishing a bridge 
between the current world state 
postulated by the perceptive 
capability and the target desired state 
specified by the task directive. A 
cognitive design corresponds to an 
appropriate response to a percepted 
world state to enact the desired 
change in the world in order to 
achieve the task directive. Such 
designs can be universally expressed 

as causal models for temporal editing 
of persisting world systems. 
3- Building Automation Systems 
(BAS) 

Smart buildings contain a 
myriad of embedded monitoring and 
control devices or nodes deployed in 
a building. These device nodes, 
which provide actuated control over 
HVAC (heating, ventilation, and air 
conditioning), lighting, and security 
systems, form a building automation 
system (BAS). Sensor networks 
inside a smart building allow 
monitoring of different conditions, 
such as temperature, humidity, and 
occupancy. Some of these nodes, 
such as power meters, may provide 
monitoring instead of control, and are 
denoted as monitoring devices 
hereafter. Other nodes can take 
different types of actions to alter the 
environment, such as heating or 
cooling, adjusting lighting levels, and 
adjusting building access. These 
devices exchange information with 
the help of lower-level protocols like 
BACnet or Modbus, whereas 
controlling devices handle the 
process of supervising low-level 
controllers to provide desired control 
outputs. 

The desired control outputs are 
dependent on information processed 
in the upper-level control layer (also 
named management layer, or cloud), 
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which will take control 
recommendations from advanced 
machine learning algorithms. In 
commercial complexes, the 
management layer involves cloud-
based services that process data from 
building controllers to derive energy-
saving recommendations, high-level 
visit schedules, and fault diagnosis 
information. Solutions are adopted to 
automatically schedule the provision 
of controlled actions and manage the 
buildings accordingly. However, 
these solutions utilize a centralized 
communication architecture and 
provide only file-storage-based data 
migration between different layers, 
so that users can hardly obtain real-
time data and monitoring functions. 

To enable automated 
input/output data transmission and 
gain real-time oversight of building 
monitoring and management 
systems, User Defined Protocols 
(UDPs) are proposed to integrate 
multiple API-based web services 
provided by BAS manufacturers. 
These UDPs enable users to flexibly 
define any number of data sources 
and destinations using a domain-
specific language for building 
automation. Besides, extensive use of 
programming languages and third-
party libraries facilitates the 
extensibility of data processing and 
commissioning tasks. To guarantee 

uncompromised performance 
assurances, more efficient 
architecture for UDP-based protocols 
is further proposed, with a highly 
modularized design. 
4- Energy Management Systems 

The energy performance of 
built environments is primarily 
determined by architectural decisions 
alongside the physical aspects of the 
building, such as orientation, shading 
device size, window size and type, 
airtightness, and thermal mass. 
Engineers often use statistical models 
for detailed energy use calculation. 
Building Energy Management 
Systems (BEMSs) also process data 
to derive the Energy Performance 
Indicator (EPI) required for building 
energy performance evaluation. 
Advanced energy management 
methods are needed for evaluating 
energy efficiency improvement 
measures. New measurement tools 
need to be developed for the 
identification of energy efficiency 
improvement measures, both for 
existing buildings and for newly 
constructed ones. However, these 
tools have to deal with qualitative 
descriptions instead of numeric 
quantities, thus necessitating a more 
advanced hybrid knowledge 
representation technique as the 
knowledge base of the knowledge 
management system. 
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Building Energy Management 
Systems (BEMSs) and decision 
support systems (DSSs) tend to be 
more complex as they have to 
integrate more and more systems in 
order to provide the building manager 
with a comprehensive framework, 
enabling a complete monitoring (i.e. 
performance indicator computation), 
evaluation (i.e. building energy 
performance evaluation), and 
management functionality (i.e. 
application of improvement 
measures) [6]. To improve the 
building energy performance using 
BEMSs, significant attention needs to 
be paid to the integration of the 
building system together with the 
information computing methods. A 
BEMS DSP that employed 
semistructured data representation 
methods can compute the 
performance indicator values for 
different building energy 
performance evaluation algorithms in 
a configurable manner. 

 
5- Sustainable Architecture 
Practices 

There is a lot of talk about the 
need for sustainable architecture in 
our modern world. Concepts about 
how to achieve that sustainably are 
plentiful; however, strategies to 
achieve it are rare. This paper 
discusses specifics on a variety of 
organic practices that promote a 
sustainable approach to the design, 
construction, and operation of 
buildings and cities. Architects and 
builders, who seek a path to 
sustainability in their work, too often 
look to existing systems for solutions. 
Practices such as passive solar 
design, building orientation, the use 
of thermal mass, and daylighting are 
all part of a generous vocabulary. 
Solutions that look to existing 
systems have been researched 
extensively, are well known, and are 
relatively easy to apply in design 
projects. 
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At the same time, strategies to 
develop new systems that will be 
more compatible with natural 
systems and processes are absent. 
Strategies that would allow architects 
and builders to develop an adaptive 
design and construction approach to 
improve not only individual buildings 
but rather a collection of them 
forming a constructed environment 
do not exist. Instead of a systematic 
exploration of what an alternative, 
organic architecture would look like, 
the profession is presently limited to 
a small set of technologically based 
solutions to make existing 
architecture more sustainable. 

An architect or building 
project can be one of two things, 
either adaptation of an existing set of 
systems or organization of a new 
custom set of systems. Designs that 
are essentially adaptations of existing 
systems can only be limited 
improvements on how buildings and 
cities can be made more sustainable. 
This is not to diminish their 
importance or validity. Those 
practices, which tend to be building 
centric, can create value and 
momentum and should be continued. 
They will help develop a new 
awareness regarding the importance 
of sustainable building practices 
among architects, builders, 
developers, and the general public. 

Still, architectural practices currently 
thought to be organic are just a 
collection of techniques, which 
depend on a modernist paradigm 
based upon a building centric 
perspective. That is an information-
oriented approach that local players 
have no access to and is thus 
extraordinary. 
6- Energy Efficiency 

The capital’s carbon emissions 
are highly dependent on the 
performance of its buildings and the 
way those buildings are operated. 
With 85% of today’s buildings 
expected to still be in use in 2050, 
there is enormous potential for 
improving their energy efficiency. 
Opportunities fall into three 
categories: improving building 
performance during design, planning, 
and construction; optimizing ‘smart 
building’ technology prior to 
occupancy; and optimizing 
occupancy-related systems and post-
occupancy behavior. Central to the 
smart building challenge is the basic 
premise that buildings are made up of 
two components: the physical fabric 
that shapes a building’s thermal, 
light, and air environment, and the 
control systems and user inputs that 
turn designs into operational 
performance. In a smart building, 
both components should be 
measured, calibrated, and controlled 
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to maintain comfort and efficiency as 
the building operates over its life 
cycle [8]. 

‘Design’ refers to the stage at 
which a new building or major 
renovation is conceived and drawing 
blocks put on paper. In this phase, 
there is tremendous potential to 
optimize performance through the 
architect’s treatment of the physical 
building fabric as the first control 
system. Opportunities exist to 
minimize the building’s structural 
energy demand through prudent 
compaction of the shape, use of 
proper orientation, incorporation of 
shading, night ventilation, mass, 
micro-climate, collection and storage 
of renewable energy, and so on. Once 
the fabric is modeled, a set of energy-
related inputs that can dramatically 
influence ownership costs, comfort, 
and take-back potential includes the 
choice of HVAC systems, control 
philosophies, lighting settings and 
schedules, etc. Decisions taken then 
become fixed in the most pragmatic 
respect. 

The degree of control and 
reproducibility of results using these 
systems depends vitally on correct 
calibration and set-up of all the 
equipment before hand-over to end. 

Smart buildings rely on two 
tightly integrated components 

working together for optimal energy 
efficiency: - 
 ⨋⨌⨍⨎⨏⨐ 

Component 

 ⡈⡉⡊⡋⡌⡍⡎⡏ Description  ᇤᇥᇦᇧᇨ Purpose 

1. Physical 
Fabric 

The building’s 
materials, structure, 
orientation, shading, 
insulation, and mass 

Reduces 
structural 
energy 
demand 

2. Control 
Systems 

Technologies for 
HVAC, lighting, 
ventilation, sensors, 
automation, and user 
inputs 

Ensures 
operational 
efficiency 

7- Selected Examples for Smart 
building projects: - 
1- The Sustainable City – Dubai, 
UAE 
a- Developer: Diamond Developers 
b- Overview: This is one of the most 
recognized smart and sustainable 
communities in the Middle East. It 
integrates renewable energy systems 
(solar panels), smart water and waste 
management, and intelligent mobility 
solutions (electric vehicle charging, 
autonomous shuttles). 
c- Smart Features: - 
1- Net-zero energy buildings 
2- Smart meters and monitoring 
systems 
3- Automated irrigation using 
recycled water. 
4- Energy-efficient architecture 
d- Relevance: A holistic example of 
smart urban design integrating 
sustainable architecture, smart grids, 
and behavioral analytics. 
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2- Msheireb Downtown Doha – 
Qatar 
a- Developer: Msheireb Properties 
b- Overview: A large-scale smart 
city project in the heart of Doha 
aiming to combine modern design 
with heritage elements, while 
implementing advanced smart city 
technologies. 
c- Smart Features: - 
1- Centralized building management 
systems 
2- Solar-powered shading systems 
3- IoT-enabled lighting and HVAC 
systems 
4- Smart waste and water recycling 
d- Certifications: Multiple LEED 
Gold and Platinum buildings 
e- Relevance: Demonstrates the 
integration of AI, IoT, and 
sustainable practices in a mixed-use 
urban district.  

 
 

3- King Abdullah Financial 
District (KAFD) – Riyadh, Saudi 
Arabia 
a- Developer: Public Investment 
Fund (PIF), managed by ROSHN 
b- Overview: One of the largest 
smart districts in the region, KAFD is 
designed as a tech-driven financial 
hub with cutting-edge smart building 
infrastructure. 
c- Smart Features: - 
1- Centralized command center for 
building and city operations 
2- AI-driven security and 
surveillance systems 
3- Smart energy, lighting, and climate 
control systems 
4- Integrated transportation and 
pedestrian tracking 
d- Relevance: A strong model of 
how smart architecture supports 
business ecosystems in high-density 
developments. 

 
8- Conclusion 

New opportunities linked with 
the development of Artificial 
Intelligence (AI) and Internet of 
Things (IoT) technologies are 
progressively transforming buildings 
into smart systems. Smart Building 
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solutions work to improve building 
energy efficiency and occupants’ 
well-being by customizing the indoor 
environment according to the 
building’s operational and user needs 
context. Several technologies—
mostly based on AI/ML and IoT—
have emerged over the last few years 
in this context. Since these 
technologies typically require 
investment in new equipment, their 
deployment is frequently conducted 
with a limited focus on a particular 
problem or a building domain, 
leaving out several opportunities to 
increase efficiency [19]. At the same 
time, existing building Energy 
Management Systems and Building 
Management Systems comprise 
critical legacy building systems but 
are typically closed and monolithic, 
severely limiting the opportunities—
while severely restricting all 
technologies developed by a building 
management vendor—and are 
responsible for high operational 
costs, and inefficient buildings. These 
bottlenecks and challenges are 
addressed with a novel interoperable 
and intelligent architecture for the 
integration of both new smart 
technologies as well as legacy 
building systems, paving the way for 
the development of new Artificially 
Intelligent Smart Building Systems at 
significantly lower costs and in IoT 

marketplaces. The presented 
architecture relies on the utilization 
of industry standards for efficient 
data communication between 
subsystems, on a unique 
interoperable building system model, 
and on information retrieval, 
processing, and knowledge 
representation techniques to allow for 
the integration of different building 
control technologies and a common 
information representation for the 
coordination of the initial integration 
as well as the subsequent 
Autonomous perturbation and 
integration of new ones based on 
AI/ML [2]. The architecture has been 
fully developed and implemented, 
along with tools for the 
standardization of the building’s 
information model and three initial 
AI/ML applications. The 
architecture’s deployment and 
incorporation of the presented 
applications in hands-on building 
pilots and simulations in four 
different European countries has 
demonstrated its performance and 
replication potential. 
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