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Context of the research 

activity 

 

Indoor environments are characterized by several pollutants sources, 
which contribute to make indoor air from 2 to 5 times more polluted 
than outdoor air. Therefore, Indoor Air Quality (IAQ) represents an 
essential factor to be controlled for occupants’ comfort, health and 
productivity. In recent years, the interest in the issues related to IAQ 
has increased due to a greater awareness of the air pollution’s 
impacts on health, well-being and productivity of the occupants who 
spend about 80% of their time inside buildings. It is well known that 
the exposure to air pollution can lead to a wide range of short- and 
long-term effects, which range from discomfort, such as headaches, 
nausea, irritation to the nose or skin, until severe respiratory 
diseases, such as pneumonia. The indoor air quality is affected by 
many factors including the indoor pollution sources, the ventilation 
conditions, the human activities, as well as the outdoor environment. 
For this reason, the air filtration in HVAC system play an important 
role, in order to remove particulate matter, allergens or bioaerosols 
and to improve indoor air quality.  Moreover, air filtration, by 
reducing the outdoor to indoor transport of pollutants, can improve 
the comfort, health and productivity of the occupants inside the 
building and reduce the Sick Building Syndrome (SBS) symptoms 
and the episodes of absenteeism. 



 

Objectives 
 
 

The main objective of the PhD project consists in investigating on 
new innovative HVAC technologies able to improve not only the 
energy efficiency and the indoor air quality of buildings, but also the 
comfort needs of occupants, their well-being, health and 
productivity. In particular, a new approach for the evaluation of 
these technologies is necessary due to their high investment costs 
that make them not economically viable. It is necessary to take into 
account also other aspects, not only the financial ones. For this 
reason, both energy-environmental and economic-financial 
assessments are required. Economic evaluation based on Costs 
Benefits Analysis can lead to identify the multiple societal benefits 
(such as energy savings, occupants’ health and productivity) that 
might justify the higher investment costs of these new technologies. 
Moreover, energy-dynamic simulations on different buildings 
categories (such as office, school, hospital, hotel) are required in 
order to test different HVAC technologies and to develop diverse 
scenarios, based on the demand of users’ energy needs, different 
according to each building typology. Finally, it is also important to 
analyse how the use of these new innovative technologies could 
influence the application and the assessment of the new Smart 
Readiness Indicator (SRI), introduced by the new revised Energy 
Performance of Building Directive (2018), in detail in the field of 
optimization of the control of the indoor microclimate in buildings. 

Shown below the break-down of the research activities:  

1. During the first year a complete and comprehensive study of 
both state-of-the-art and currently emerging innovative 
HVAC technologies, related in particular to the air treatment, 
will developed. At the same time, a deep analysis on the key 
performance indicators (KPIs) that currently are used to 
evaluate technologies for the air treatment will be executed. 
It is expected that the results of this second analysis will 
demonstrate that nowadays KPIs deals only with technical 
and financial aspects.  

2. During the second year, a new methodology for the 
evaluation and the comparison of traditional and innovative 
technologies will be developed. New key performance 
indicators will be created in order to take into account not 
only technical and financial aspects, but also energy, 
environmental, economic, medical and societal impacts. 
Thereafter, the assessment of these new KPIs will be fixed. 
Tool such as dynamic energy software 

3. During the third year, the new methodology will be applied 



to buildings with different functions ((such as office, school, 
hospital, hotel, …) in order to test and to validate it. In this 
phase, tools such as dynamic energy simulations and Cost-
Benefits Analysis (with the related software) will be used to 
implement the KPIs evaluations. 

Moreover, in order to develop the phase of the new KPIs creation 
and assessment a strictly cooperation with experts also in medical 
field will be probably required. At the same time, a tight 
collaboration with the main producers of air treatment technologies 
will be necessary. These collaborations could lead the choice of the 
partner for the study period abroad during the PhD. 

It is expected that the results of above-mentioned activities will be 
published in at least three papers in high-impact peer-reviewed 
international journals. 

 
 
 

Skills and competencies for 
the development of the 
activity 
  

According to the topic of the research project, candidates must have 
previous knowledge concerning on building physics, thermal 
comfort and indoor environmental quality. Moreover, fundamental 
basic knowledge on different economic evaluation methods (such as 
Multi Criteria Analysis, Cost Benefit Analysis) are required. 

 
 


