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MODULE 6 

 
Smart Buildings: Modern Technologies and System Integration 

Introduction 

This module will develop your foundational knowledge of smart buildings and examine the role of 
integrated technologies in enhancing building performance. We will focus on understanding the 
systems that make buildings intelligent and the broader implications of these technologies in the 
context of sustainability and digital transformation. 

Module Structure This module is organized into five key parts, each addressing a specific aspect 
of smart buildings: 

1. Concept of Smart Buildings and Their Significance in the Modern World 

2. Smart Readiness Indicators of Buildings 

3. Energy Management of Buildings and Its Implication on Building “Smartness” 

4. New Technologies and Human Factor in Smart Buildings 

5. Examples of Smart Buildings 

Together, these units provide a foundation for understanding the complex nature of smart buildings 
in the context of modern urban development and sustainability. 

First, we shall discuss the concept of smart buildings and their growing importance in today's world. 
Next, we shall introduce the Smart Readiness Indicators, which help assess how well - equipped a 
building is to incorporate intelligent technologies. We shall then look at energy management in 
buildings and its impact on building 'smartness.' Finally, we shall explore new technologies and the 
human factor in smart buildings. By the end of this module, you should have a comprehensive 
understanding of the various aspects of smart buildings. 
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1. Concept of Smart Buildings and Their Significance in the Modern World 

A smart building uses automated processes and advanced technology to efficiently manage and 
control its systems, such as heating, ventilation, air conditioning (HVAC), lighting, security, and other 
essential functions. These buildings integrate Internet of Things (IoT) devices, sensors, artificial 
intelligence (AI), and data analytics. 

Types of Smart Buildings: Smart homes are specifically designed to enhance residents security and 
comfort. Smart office buildings offer automated and centralized control through an IoT network. 
Smart workplaces are equipped with advanced hardware and software solutions. Smart factories 
and warehouses are effectively managed through the utilization of industrial IoT networks. 

Top Features of Smart Buildings: Energy efficiency, Building Management Systems (BMS), IoT 
comfort, security and access control. 

Examples of Smart Building Technologies: BMS, Smart sensors, IoT and Security systems. 

Challenges of Smart Buildings: high initial costs, cybersecurity risks, complex Integration, reliability 
of Internet and power, scalability challanges. 

Advantages of Smart Buildings: energy efficiency, cost reduction, occupant comfort and productivity, 
safety and security. 

 
 
State of Play and Perspectives of Smart Buildings 

Although the uptake of smart technologies in buildings is still in its early phase, the EU policy 
framework is becoming more ambitious and supportive. Recent and ongoing revisions of the Energy 
Performance of Buildings Directive and the Energy Efficiency Directive are examples of this 
supportive framework. 

Future Trends in Smart Buildings: Integration with Smart Cities, 5G Connectivity, AI-Driven 
Adaptation, Artificial intelligence, Digital Twins & Simulation: The use of digital twins and simulation 
technologies will allow for virtual modeling of buildings 

Smart buildings leverage automation and real-time data to enhance efficiency and control.. 
Sustainability is a core principle of smart buildings. By integrating renewable energy sources, such 
as solar panels and wind turbines, smart buildings can reduce their environmental impact and 
contribute to a greener future. Comfort-driven systems, such as those that improve air quality and 
lighting, play a crucial role in enhancing occupant well-being. 

 
 
We have now explored the concept, significance, and current state of smart buildings, as well as 
future trends and the balance between technology, sustainability, and human-centric design. Next, 
we will move on to the session on smart readiness indicators, where we will look at how buildings 
can be assessed and rated for their smart capabilities. At the end of this booklet you can find some 
examples of existing buildings in Europe. 
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2. Smart Readiness Indicators of Buildings 

The Smart Readiness Indicator (SRI) is a standardized EU framework for evaluating a building’s 
capability to use smart technologies effectively. These technologies can include building automation, 
energy management, and integration with the energy grid. 

The main objectives of the SRI are to increase energy efficiency, reduce carbon emissions, and 
enhance comfort for occupants. It also aims to improve the building's interaction with the energy grid, 
making it more flexible and responsive. 

There are two main methods to calculate the SRI: Method A is simplified and suitable for smaller or 
less complex buildings. It evaluates 27 smart functionalities. Method B is more detailed, assessing 
54 functionalities, and is recommended for larger or more complex buildings. 

The SRI evaluation centers on three key functionalities: 1) Optimizing energy efficiency and overall 
building performance, 2) Enhancing user comfort and convenience, and 3) Increasing energy 
flexibility and interaction with the grid 

Each smart functionality is assessed using seven impact criteria. These include: energy efficiency, 
fault detection and diagnostics, comfort, convenience, health and well-being, user information, and 
energy flexibility. 

Smart functionalities are grouped into nine technical domains: heating, cooling, domestic hot water, 
ventilation, lighting, dynamic building envelope, electricity, electric vehicle charging, and 
monitoring/control. 

SRI Assessment Steps: First, the assessor identifies the smart functionalities present in the building. 
Then, each function is rated from level 0 to 4 based on its sophistication. Next, each function’s score 
is calculated using predefined impact criteria. The scores are then weighted according to the 
importance of each functionality within its domain. Finally, the results are aggregated into an overall 
SRI score and class. The process may also generate separate scores for each of the three core 
functionalities 

Relevance of Building Type and Climate 

Different building types have unique operational profiles and needs, which influence how smart 
technologies are applied. Residential buildings often prioritize comfort and user-friendly systems like 
smart thermostats and lighting controls. Commercial buildings, often include Building Management 
Systems (BMS), advanced metering, and more complex automation strategies to reduce energy use 
during working hours. Industrial buildings typically require specialized smart technologies for process 
optimization, real-time monitoring, and fault detection.. 

Climate is a critical factor in the relevance and effectiveness of smart building technologies. The 
European SRI framework divides Europe into five climate zones. Each zone assigns different 
importance to technical domains such as heating and cooling. 

To optimize the Smart Readiness Indicator, smart technologies must be adapted to both the building 
type and the local climate. In residential buildings, simplicity and comfort should guide technology 
selection. Commercial buildings benefit from integrated automation and centralized control systems 
that respond dynamically to usage patterns. Industrial buildings require robust, real-time systems 
that manage large-scale energy use and provide operational feedback. 
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Existing Methodologies for SRI Calculation 

To ensure a consistent and transparent assessment of a building’s smart capabilities, the European 
Union introduced two standardized methods. 

Method A is the simplified approach for calculating the SRI. It evaluates 27 predefined smart 
functionalities, focusing on providing a fast and straightforward assessment. This method is 
especially suitable for smaller or less complex buildings such as residential homes or small offices. 

Method B offers a comprehensive and detailed assessment of a building’s smart readiness. It 
analyzes 54 smart functionalities and takes into account a wider range of building systems and 
technologies. This method is intended for large, complex buildings such as commercial, public, or 
industrial facilities. 

Example – Heating (H) Functionality Levels 

Heating systems are evaluated across four levels of smartness. At level 1, heating is centrally 
controlled, offering basic improvements in efficiency and comfort. Level 2 adds individual room 
controls like thermostatic valves, which allow better zoning. Level 3 includes communication 
between zone controllers and a central system. Level 4 integrates occupancy detection, enabling 
automatic adaptation to user presence. 

Example – Cooling (C) Functionality Levels 

The cooling domain also follows a four-level structure. Level 1 is basic scheduled operation, often 
seen in manual systems. Level 2 uses self-learning algorithms to optimize cooling based on past 
usage. Level 3 systems can respond to external grid signals, offering higher flexibility. Level 4 adds 
predictive control, using local weather forecasts and occupancy data. 

Example – Domestic Hot Water (DHW) 

Domestic Hot Water (DHW) systems are assessed for their energy efficiency and responsiveness. 
Level 1 involves scheduled charging with basic on/off control. Level 2 uses multiple sensors to 
manage water storage more efficiently. This leads to better thermal performance. Level 3 systems 
charge based on renewable energy availability or grid interaction. 

Example – Ventilation (V) Functionality Levels 

Ventilation is critical for indoor air quality and energy use. Level 1 systems operate on a time 
schedule, regardless of actual need. Level 2 adds occupancy-based control, turning systems on only 
when people are present. Level 3 uses central air quality sensors to adjust ventilation rates. Level 4 
adds local zone control with dampers for tailored air flow. 

Example – Lighting (L) Functionality Levels 

Lighting control improves both efficiency and user comfort. At level 1, lighting is manual with basic 
timers. Level 2 adds presence detection, switching lights on or off automatically. Level 3 includes 
dimming functions and manual overrides. 

Example – Dynamic Building Envelope (DE) 

The dynamic envelope includes smart façades and operable windows. Level 1 systems detect when 
windows are open to adjust HVAC use. Level 2 introduces automatic window operation based on 
sensors. Level 3 allows coordination of openings to maximize natural ventilation or cooling. 
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Example – Electricity (E) Functionality Levels 

Electricity monitoring helps users understand and optimize their energy use. Level 1 includes basic 
reporting at the building level. Level 2 adds real-time data and benchmarking. Level 3 provides 
appliance-level monitoring. Level 4 offers personalized recommendations based on usage. 

Example – Electric Vehicle Charging (EV) 

Smart EV charging is increasingly important for energy flexibility. Level 0 represents uncontrolled 
charging, which may harm the grid. Level 1 introduces one-way controlled charging, aligning with 
off-peak hours. Level 2 adds two-way communication, allowing vehicles to return power to the grid. 

Example – Monitoring and Control (MC) 

This domain manages heating and cooling systems through smart control. Level 1 uses fixed 
schedules. Level 2 adjusts based on load data from the building. Level 3 uses predictive algorithms 
and grid signals to control systems dynamically. 

Integrating Multiple Domains 

SRI encourages coordination between systems. Heating and cooling should never run 
simultaneously. Lighting and ventilation can be synchronized for better comfort. EV charging should 
consider total electricity use. 

Enhancing SRI Through Advanced Technologies 

To reach higher SRI levels, advanced technologies are essential. Predictive maintenance avoids 
breakdowns and saves energy. Energy Management Systems (EMS) optimize consumption across 
domains. IoT devices ensure smooth communication between systems. 

 
 
Note* 

Participants are expected to review the list of assignments and express their group preferences. 
Group selection will be managed through the Blackboard platform. 
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3. Energy Management of Buildings and Its Implication on Building 

“Smartness” 

Energy Management in Buildings means taking a structured, methodical approach to using energy 
efficiently - every hour, every system, every zone. There are five pillars of energy management: 
Monitoring, Analysis, Optimization,Users engagement and implementation. 

Smart meters provide real-time energy usage feedback. Building Management Systems (BMS) 
don’t just monitor, they control. Energy analytics platforms turns data into insights using AI and 
visualizations. 

Main Goals of Energy Management: cost savings, environmental impact, comfort, control and data 
visibility and regulatory compliance. 

Legislation is a driving force behind energy management: The Energy Performance of Buildings 
Directive (EPBD), ISO 50001, the Smart Readiness Indicator (SRI), and national and local laws. 

The EU is transitioning from nZEBs to ZEBs. Starting in 2028 for public buildings and 2030 for all 
new buildings, ZEBs must have zero on-site CO₂ emissions from fossil fuels. ZEBs are not the 
future — they are the immediate goal. 

Nearly Zero Energy Buildings (nZEB) are designed to use 50–90% less energy than traditional 
buildings..They often integrate PV panels, heat pumps, and smart controls that allow systems to 
self-optimize. 
Zero Emission Buildings (ZEB) are the evolution of nZEBs. They go further by targeting zero net 
emissions during operation. Think of ZEB as the ultimate goal — combining energy efficiency, on- 
site generation, and digital intelligence into one system. 
Building Management Systems (BMS) is the digital brain of a building. It monitors, controls, and 
automates systems like HVAC, lighting, security, and energy use. 
Components of a Building Management System: Sensors collect data: temperature, humidity, CO₂, 
occupancy, etc. Controllers analyze that data using pre-defined logic and decide what action to 
take. Actuators carry out those actions. Everything is connected through a network. 

Today’s BMS typically offer centralized control and basic automation. Future BMS will be AI-driven, 
cloud-based, and capable of learning and adapting in real-time. BMS of the future won’t just 
manage a building — it will help stabilize the entire energy system. 

BMS has many strengths: centralized control, integration of renewables, potential for high energy 
savings, and predictive capabilities. 
There are challenges too: high upfront costs and complexity can be barriers, requires skilled 
personnel, retrofitting older buildings, a reliable communication. 

A Digital Twin is a real-time, virtual replica of a building. It combines live sensor data with 3D 
models and simulations. 
Future-ready buildings must consider both operational and embedded carbon. To reach the 2050 
climate targets, we need faster renovation, more digitalization, educated professionals, and 
supportive policies.In the end, energy management is not just about reducing consumption. It’s 
about designing buildings that respect environmental limits while enhancing quality of life. 
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Smart Metering and Data Collection 

Types of Smart Meters: Electricity meters provide granular, time-stamped load profiles that are 
essential for energy diagnostics and dynamic pricing models. Gas meters offer real-time data that 
enhance both operational efficiency and safety. Water meters continuously monitor usage patterns. 
Heat meters are used in district heating networks or within HVAC systems to measure thermal 
energy transfer. 

Smart Metering significantly enhances energy efficiency, play a major role in cost reduction, smart 
metering is essential for integrating renewable energy sources. 

For smart meters to be truly effective, they must be seamlessly integrated with Building Management 
Systems (BMS), a robust communication infrastructure must be established. Data management 
follows as a critical step. Finally, once the data is accessible and reliable, we implement advanced 
analytics and control mechanisms. 

The Smart Readiness Indicator, or SRI, is a standardized EU framework that evaluates how well a 
building can adapt its operation to both user needs and energy efficiency goals. Smart metering 
supports key SRI dimensions in several impactful ways. For energy efficiency, smart meters enable 
granular, real-time monitoring of consumption. In terms of system adaptability, smart metering 
provides the dynamic data backbone needed for automated building responses 

Data analytics is where the real transformation begins. There are several analytics techniques and 
tools: Statistical analysis provides the foundational layer, predictive analytics takes it a step further 
by using past and real-time data to forecast future energy demand, machine learning brings 
automation and scale, artificial intelligence integrates all these techniques to form self-optimizing 
systems. 

When analytics are applied well, the benefits are substantial and measurable. 

Smart meters continuously generate and transmit sensitive data, including detailed consumption 
patterns that can reveal personal routines, occupancy schedules, or even appliance usage. 
Cybersecurity must be designed into the system from the ground up—not added as an afterthought. 

Data collection should follow the principle of data minimizationand anonymizing data whenever 
possible to protect user identities 

Artificial Intelligence (AI) will play a pivotal role in predictive control. Edge computing will enable 
decentralized, real-time processing directly at the device level. User interfaces will become 
increasingly immersive. Smart meters will integrate more closely with the energy grid. The future of 
smart metering is not just intelligent—it’s interactive, autonomous, and deeply interconnected with 
both users and the wider energy landscape. 
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Measurement and Verification of Energy Savings 

 
M&V must be tailored to different building types and energy behaviors. Office buildings, schools, 
hospitals, manufacturing plants, retail centers, and data centers each require unique M&V. 
M&V is the feedback mechanism in the continuous improvement loop of energy management. 

 
M&V serves facility managers, owners, investors, designers, engineers, tenants, policy makers, 
regulators, and service providers. It validates operational strategies, justifies capital upgrades, 
supports compliance, and enhances transparency. 

 
M&V is embedded in the EU’s legislative framework for building energy performance. The Energy 
Efficiency Directive (EED) and the Energy Performance of Buildings Directive (EPBD) mandate 
mechanisms to monitor and report energy savings. 

 
Local regulations increasingly mandate M&V for energy audits and public co-financing programs. 
Protocol (IPMVP) is the global benchmark for quantifying energy savings. 
ISO 50015 – M&V in Energy Management Systems supports verifying energy performance 
improvements within energy management systems. 
ISO 50006 – Tracking Performance with EnPIs guides organizations in defining and monitoring 
EnPIs and energy baselines. 

 
IPMVP is project-focused, while ISO standards support long-term, systemic energy management. 
IPMVP is ideal for proving results at the project level, while ISO standards support broader 
strategic goals. 

 
M&V reliably determines actual energy savings achieved by a project. It requires rigorous 
methodology to isolate the effect of energy-saving measures from other influencing variables. 

 
The M&V Workflow moves from setting objectives to planning data collection, conducting 
measurement and analysis, and reporting results. It drives continuous building performance 
improvement. 

 
Adjustments account for changes unrelated to the energy-saving measure, ensuring fair 
comparison and isolating the impact of the intervention. 

 
IPMVP defines four M&V options: A (Key Parameter Measurement), B (All Parameter 
Measurement), C (Whole Facility Analysis), and D (Calibrated Simulation). 

 
Each IPMVP option has strengths, and selection should align with project goals, available data, 
required accuracy, and stakeholder expectations. 

 
A strong M&V report documents goals, system boundaries, baseline conditions, analysis methods, 
meter specifications, roles, accuracy levels, and budget. 
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4. New Technologies and Human Factor in Smart Buildings 

 
Today’s smart buildings go far beyond schedules. They sense the world around them in real time. 
Smart sensors track temperature, air quality, light levels, and whether people are present. These 
sensors are connected through IoT networks, like ZigBee or LoRaWAN. The data they collect is sent 
to cloud platforms that analyze and respond instantly. If a room is empty, lights turn off. If CO₂ levels 
rise, the ventilation kicks in. Buildings no longer wait for instructions—they adapt instantly. They’re 
not just built environments anymore—they’re dynamic, responsive systems, shaped by both people 
and the environment. 
 
Let’s reimagine the building as a living body: HVAC = lungs; Sensors = nervous system;  
BMS = brain; Energy systems = metabolism 
 
Just like our bodies, buildings need regular input, checks, and updates. A “fit” building has clean 
sensors, updated software, and responsive systems. Its “immune system” detects problems before 
they spread. But even the best systems need to adapt to changing conditions—new occupants, 
new technologies, or different use patterns. So, a smart building isn’t just about tech—it’s about 
being alive, evolving, and staying healthy with continuous care. 

Even the smartest buildings rely on people. It’s not enough to install great technology—you need to 
design it well, install it correctly, use it properly, and maintain it consistently. Smart readiness isn’t 
just about tech, it’s about how humans and buildings work together. Whether it’s an engineer 
programming a BMS, a tenant adjusting a thermostat, or a technician replacing a sensor—every 
human interaction matters. If any step is overlooked, the system can underperform or even fail. 

That’s why we say: “Smart systems only work when people are part of the equation.” It’s time to think 
about buildings not just as systems—but as ecosystems, with people at the heart of them. 

So what have we learned? Smart buildings aren’t just about hardware or software—they’re about 
people, behavior, and design. 

Here are the big takeaways: Design systems for real human behavior—not ideal users, train and 
engage occupants so they understand the tech and maintain your systems regularly— because no 
tech stays perfect forever. 
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5. Examples of Smart Buildings 

This Part presents four real-life examples of smart buildings across Europe. Each example includes 
a short technical description and potential for improvement in the direction of smartness. Additionally, 
links to further examples are provided for exploration. 

 
Luxemburg, NeoBuild office 

Technical Description: 

 The building integrates advanced energy management systems. 

 Utilizes renewable energy sources, such as solar panels. 

 Equipped with smart sensors for monitoring and optimizing energy usage. 

Potential for Improvement: 

 Enhancing the integration of IoT devices for better data collection and analysis. 

 Implementing more advanced AI algorithms to predict and manage energy consumption 
patterns. 

 Upgrading insulation and window technologies to improve energy efficiency. 
 

 
Luxembourg, The Elmen social housing project 

Technical Description: 

 The Demo Project from OLM features a comprehensive energy management system. 

 Incorporates renewable energy sources, including solar panels and geothermal energy. 

 Equipped with smart lighting and HVAC systems that adjust based on occupancy and 
external conditions. 

Potential for Improvement: 

 Further integration of IoT devices to enhance real-time monitoring and control. 

 Implementation of advanced AI-driven analytics to optimize energy consumption and predict 
maintenance needs. 

 Upgrading building materials to improve thermal insulation and reduce energy loss. 
 

 
France, Non residential, office building 

Technical Description: 

 The building is equipped with an advanced Building Management System (BMS) that 
integrates various subsystems. 

 Utilizes renewable energy sources, including wind turbines and solar panels. 



11 

Booklet Smart Buildings 
 

 

 
 Features smart windows that adjust tint based on sunlight intensity to optimize natural lighting 

and reduce energy consumption. 

Potential for Improvement: 

 Enhancing the integration of IoT devices for more granular data collection and real-time 
adjustments. 

 Implementing machine learning algorithms to predict energy usage patterns and optimize 
resource allocation. 

 Upgrading insulation materials to further reduce energy loss and improve thermal efficiency. 
 

 
Slovenia, Non residential, building in health sector 

Technical Description: 

 The building incorporates a state-of-the-art energy management system. 

 Uses a combination of solar panels and biomass energy for power generation. 

 Equipped with smart sensors for monitoring indoor air quality and adjusting ventilation 
systems accordingly. 

Potential for Improvement: 

 Increasing the use of IoT devices to enhance monitoring and control capabilities. 

 Applying advanced data analytics to improve energy efficiency and predict maintenance 
needs. 

 Upgrading building materials to enhance insulation and reduce overall energy consumption. 
 

 
Additional Resources For those interested in exploring more examples of smart buildings, you can 
visit the following links: 

The Edge - Amsterdam, Netherlands 

https://edge.tech/buildings/the-edge 

Bloomberg HQ - London, UK 

https://www.bloomberg.com/company/press/bloomberg-most-sustainable-office-building/ 


