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(1) HVAC Strategies for Mitigating the Spread of COVID-19 in the Built Environment:  
 
(Potential students:) 
 
(Potential client: Toronto ASHRAE Chapter, with support from the industry experts)  
 
For this project, we are seeking a thermofluids/HVAC-focused capstone team to investigate the impact of 
different HVAC systems on the transmission of the SARS-CoV-2 virus, the virus that causes COVID-19 disease. 
There is substantial evidence that aerosols may be a major transmission pathway for this disease [1]. It follows 
that HVAC systems, which control the motion and availability of indoor air, have a role to play in limiting the 
spread of the disease. 
 
Preliminary investigations have suggested there are several HVAC factors that play a part in COVID-19 
transmission in the built environment. Therefore, there exist many HVAC-based COVID-19 mitigation strategies 
to reduce the spread of the virus. Ventilating buildings using recycled indoor air can cause COVID-19 particles 
to remain in the building’s air system for longer periods of time. Therefore, it is recommended that students 
investigate topics such as outside air quantity mixed air ratios, and exhaust air re-entrainment [2]. Another 
important point to investigate is air filters, and practical ways of improving the filtration rating (MERV) of a unit 
to filter out more virus particles [2]. Humidity levels of a building should also be considered; early research 
reveals that low humidity in the built environment can cause increased transmission [3]. Students should 
investigate how considerable the threat posed by humidity levels of a building is, and possible ways this can be 
remedied. Other possible factors to investigate include building/zone pressure, occupancy levels, building 
automation systems, and alternate filtration solutions (such as UVC filters) [2] [4]. The students must 
investigate the various factors, decide on which factors to target, and implement ways to improve them within 
an HVAC system. It is up to the students’ discretion to choose to make adjustments to an existing common 
HVAC layout, or to draw up plans for an entirely new layout. It is also up to the students’ discretion whether 
they choose to focus on the HVAC layouts of specific types of facilities (hospitals, universities, long-term care 
homes, schools, etc.). Through further research into how the spread of the virus correlates with different 
building environmental factors, a practical strategy to reduce the spread can be formulated. 
 
It remains unclear which HVAC-based COVID-19 mitigation strategies are most effective, and which are most 
applicable to Canadian buildings in the short and long term. The capstone team will need to investigate the 
impact of existing HVAC systems on the spread of the virus in GTA/Ontario, choosing one type of system (e.g., 
VRF, VAV) or one/several type(s) of mitigation measure (e.g., humidity control, air dilution, air filtration, UV-
disinfection) on which to focus. They will then need to propose a set of measures that are best suited to 
reducing COVID-19 transmission. The project may also involve energy modelling. The team could use TRNSYS, 
eQuest, EnergyPlus, or equivalent software to investigate the effect of the proposed mitigation strategies on 
energy use and CO2 emissions. 
 
Please note that there was another capstone team who performed this project in W2021 on the long-term 
care facility with the use of FaTIMA software, and the work was accepted for publication in the 2022 ASHRAE 
Summer Conference to be held in Toronto. Therefore, the current project should be considered a refinement 



and extension of the previous project with the potential use of different ventilation/filtration software like 
CONTAM. Please contact Dr. Alan Fung alanfung@ryerson.ca for a copy of last year report if interested.  
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(2) N/A  
 
(3) Conceptual Design of Energy Efficient Integrated Thermal Management System, with both Battery Pack 
and HVAC, for Battery Electric Vehicles (BEVs):  
(Student Team:) 
 
(Client: Alan Fung) 
As a way to reduce our dependence on fossil fuel and related greenhouse gas (GHG) emission and other 
pollutants in the transportation sector, battery electric vehicles (BEVs) are gaining acceptance by governments, 
manufactures and consumers. One of the challenges facing BEVs compared to the conventional internal 
combustion engine (ICE) vehicles is the driving range reduction due to the degradation of the battery capacity 
operated under extreme conditions. Current battery technologies, such as different variants of Lithium Ion or 
Lithium Iron Phosphate (LFP) based chemistries, for BEVs are very sensitive to operating temperature. BEV 
batteries must operate under a very narrow range of temperature for optimal performance and maintaining 
their charges. In cold climates, such as Canada, BEVs are often subjected to extreme hot weather in summer 
and extreme cold weather in winter. Supercharging of BEVs also generates excessive heat that should be 
removed. BEVs operated in extreme weather also need to use more electricity from the battery for the 
conditioning of the battery pack and the occupants in the cabin. Thus, further reducing the driving range of the 
BEVs. In cold weather condition, traditional ICE vehicles can rely on the large amount of the waste heat 
generated from the engine to heat up the cabin. However, such large amount of waste heat is no longer 
available in BEVs. Therefore, there is a great need to develop an efficient integrated thermal management 
system for BEVs operating in extreme weather. Battery may need heating or cooling depending on many design 
and operating parameters while occupants need heating in cold weather and cooling in hot weather.  
 
For this project it is envisioned that an efficient BEV integrated thermal management system capable of the 
maintaining the desirable temperatures for both the battery pack and occupant comfort simultaneously. It is 
expected that a multi-functional heat pump, ideally with low GWP (Global Warming Potential) and ODP (Ozone 
Depletion Potential) refrigerant, with multiple evaporators and condensers be developed so that thermal 
energy (heat or coolth) can be recovered and used from one part of the vehicle to other(s) with increased 
overall heating performance due to the use of heat pump instead of electric resistant heating. It should be 
noted that heat pump is being used in the current version of the Tesla Model Y. In addition to the integrated 
energy management system, design enhancement on the battery pack for both active and passive thermal 

mailto:alanfung@ryerson.ca
https://peerj.com/articles/10196/


management is highly desirable so that less energy will be required to maintain the battery’s optimal 
temperature. Design such as additional insulation for the battery carrier with embedded phase change 
materials can be investigated to reduce the thermal demand by the battery pack. Furthermore, the design 
should also consider the different potential form factors, such as cylindrical (Tesla’s 4680 cells) and 
pouch/rectangular/prismatic (such as GM’s Ultium and BYD’s Blade), of BEV battery.  
 
For this project, we are seeking a thermofluids/energy/HVAC-focused capstone team. The team is expected to 
use different software to solve different portions of the overall project. For example, EES/TRNSYS can be used 
for heat pump modelling and simulation while COMSOL/SolidWorks can be used for the complex multiphysics-
based heat generation/fluid flow/heat transfer modelling of the battery pack with and without phase change 
material.  
 
Please note that there was another capstone design team who worked on the advanced EV battery thermal 
management system using phase change material and metal/carbon foam in 2011. The report can be made 
available to the interested teams from Dr. Alan Fung alanfung@ryerson.ca. 
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