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Context of the research 
activity 

The progressive penetration of renewable based technologies and 
of thermal sensitive electrical loads in buildings are leading to 
growing challenges in implementing demand-side management 
strategies for enhancing both grid stability, energy efficiency and 
indoor environmental quality. The current trends of energy 
market and the opportunity to implement demand response 
programs and active demand-side participations in buildings 
introduce deep changes in energy consumption patterns, which 
need to be properly handled. The HVAC systems are particularly 
suitable as a resource for demand response programs considering 
both their potential flexibility and impact on the whole-building 
energy consumption. 
  Consequently, many research activities are aimed at exploring 
strategies for simultaneously optimise indoor environmental 
quality and energy demand through multi-objectives and quasi-
real time management procedures based on forecasting and on-
line analytics. In this context, a full exploitation of building 
related data can support the development of advanced control and 
management strategies that are practical, self-adaptive and cost-
effective. Predictive optimal control, data-driven energy 
management and advanced visual analytics provide powerful 
opportunities for reducing energy wastes and enhancing energy 
efficiency during building operation. 



In this context, energy management and demand response 
initiatives employed through the control of HVAC system may 
strongly affect the efficiency during operation and contribute to 
reduce peak loads in buildings. 

 

Objectives 

The key objective of this research activity is to develop and 
implement a novel methodology, based on data-analytics 
techniques, for energy management and demand response control 
of HVAC systems in commercial buildings. The main aim is to 
guarantee the indoor thermal comfort maintaining at the same 
time high energy performances during operation. To this purpose, 
novel control methods (e.g., Deep Reinforcement Learning based 
control) will be explored for efficiently manage such complex 
systems. 
The main research activities are detailed below: 
• Critically analyse the current and future role of machine 

learning in building energy management. Explore the 
advantages arising from the coupling of optimal control, 
detection and diagnosis of faults in HVAC systems. 

• Development and implementation of  analytics-based tools for 
supporting the definition of energy management strategies, 
detecting automatically anomalies of building energy systems 
and providing detailed insights about future trends of demand 
curves in different case studies. 

• Exploration and implementation of advanced control methods 
in building energy management context aimed at exploiting 
demand response potentialities for HVAC systems also 
considering dynamic inputs form energy markets. 

• Development of a robust demand response control approach 
at buildings aggregator level (i.e., district level) considering 
various electrical/thermal energy patterns and buildings types. 

• Development of advanced data visualisation tool capable to 
facilitating procedures of multidimensional benchmarking and 
energy pattern discovery allowing buildings aggregator to 
have awareness of anomalous energy trends over time. 

 
 

Skills and competencies for 
the development of the 
activity 

• Preferably MSc in Energy and Nuclear Engineering. 
• Knowledge of building physics, HVAC systems and 

renewable energy resources, and energy data analytics. 
• Proficiency in open-source high-level programming language 

(e.g. R, Python). 
• Previous experience with the application of machine learning 

and data mining algorithms to energy-related data in 
buildings is highly desirable. 

 


