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Advanced Control Strategies for Energy Management in Building Systems

In the Postgraduate Certificate in Al for Building Management, students will learn about advanced control
strategies for energy management in building systems. This field combines artificial intelligence, building
physics, and control theory to optimize building energy performance and reduce greenhouse gas emissions.
The following are key terms and vocabulary related to this course:

1. Building Energy Management Systems (BEMS)

BEMS are computer-based systems that monitor and control building systems, including heating,
ventilation, air conditioning (HVAC), lighting, and shading. BEMS use sensors, actuators, and control
algorithms to manage building energy use and improve occupant comfort. 2. Model Predictive Control
(MPC)

MPC is a control strategy that uses a mathematical model of a system to predict its future behavior and
optimize control actions. MPC has been widely used in process control and is gaining popularity in building
energy management. MPC can optimize HVAC system performance and reduce energy consumption by
predicting building thermal response and occupant behavior. 3. Fault Detection and Diagnostics (FDD)
FDD is a technique used to detect and diagnose faults in building systems. FDD algorithms analyze data
from sensors and control systems to identify abnormal behavior and diagnose the root cause of the
problem. FDD can help building managers identify and fix problems before they cause significant energy
waste and occupant discomfort. 4. Demand Response (DR)

DR is a demand-side management strategy that aims to reduce peak electricity demand and increase grid
reliability. DR programs incentivize building owners and operators to reduce energy consumption during
peak hours or when the grid is under stress. Building managers can use control strategies such as load
shedding, peak shifting, and energy storage to participate in DR programs. 5. Machine Learning (ML)

ML is a subset of artificial intelligence that enables systems to learn and improve from data without explicit
programming. ML algorithms can be used to predict building energy use, detect faults, and optimize
control strategies. ML can help building managers make data-driven decisions and improve building
performance. 6. Reinforcement Learning (RL)

RL is a type of ML that enables agents to learn by interacting with an environment and receiving feedback
in the form of rewards or penalties. RL can be used to optimize building control strategies by learning the
optimal actions to take in different building states and external conditions. 7. Internet of Things (loT)

loT refers to the network of physical devices, sensors, and actuators that are connected to the internet and
can communicate with each other. |oT can be used in building energy management to collect data from
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sensors, control building systems remotely, and optimize building performance. 8. Digital Twin

A digital twin is a virtual replica of a physical system that can be used for monitoring, control, and
optimization. Digital twins can be used in building energy management to simulate building performance,
detect faults, and optimize control strategies. 9. Edge Computing

Edge computing refers to the processing of data at the edge of the network, near the source of the data.
Edge computing can be used in building energy management to reduce data transmission latency, improve
data security, and reduce network bandwidth. 10. Cyber-Physical Systems (CPS)

CPS are systems that integrate physical processes with computing and communication components. CPS
can be used in building energy management to monitor and control building systems, optimize building
performance, and ensure building safety and security.

Challenges and Opportunities

Advanced control strategies for energy management in building systems offer significant opportunities for
energy savings and greenhouse gas emissions reduction. However, there are also challenges and limitations
to their implementation. Some of these challenges include:

1. Data quality and availability

The accuracy and availability of data from sensors and control systems are critical for the success of
advanced control strategies. Data quality and availability issues can result in incorrect predictions,
suboptimal control decisions, and reduced system performance. 2. Model accuracy

The accuracy of mathematical models used in advanced control strategies is critical for their success.
Inaccurate models can result in incorrect predictions, suboptimal control decisions, and reduced system
performance. 3. Cybersecurity

Advanced control strategies rely on network connectivity and data communication, making them vulnerable
to cyber attacks. Cybersecurity threats can result in data breaches, system failures, and safety hazards. 4.
Integration with existing systems

Advanced control strategies need to integrate with existing building systems and control infrastructure.
Integration challenges can result in increased implementation costs, reduced system performance, and
reduced user acceptance. 5. Training and education

Advanced control strategies require specialized knowledge and skills in areas such as control theory,
machine learning, and building physics. Training and education are critical to ensure the successful
implementation and operation of advanced control strategies.

Despite these challenges, advanced control strategies offer significant opportunities for energy savings and
greenhouse gas emissions reduction in building systems. Successful implementation of advanced control
strategies requires a multidisciplinary approach that combines expertise in building physics, control theory,
artificial intelligence, and cybersecurity.

Conclusion
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Advanced control strategies for energy management in building systems are a promising approach to
reducing building energy use and greenhouse gas emissions. Key terms and vocabulary related to this field
include BEMS, MPC, FDD, DR, ML, RL, loT, digital twin, edge computing, and CPS. The implementation of
advanced control strategies requires a multidisciplinary approach that combines expertise in building
physics, control theory, artificial intelligence, and cybersecurity. Despite challenges and limitations,
advanced control strategies offer significant opportunities for energy savings and greenhouse gas emissions
reduction in building systems.
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