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Research Proposal

Introduction
	Educational Institutes around the world are facing the multifaceted challenge of ensuring an equitable and safe return to face-to-face learning and evading the recurrence of circumstances requiring educators and students to assume remote learning. The air quality in school buildings is central to these goals. As per U.S. Centers for Disease Control and Prevention (CDC), "Some infections can be spread by exposure to the virus in small droplets and particles that can linger in the air for minutes to hours. These viruses may be able to infect people who are further than 6 feet away from the person who is infected or after that person has left the space.” During the COVID-19 pandemic, we have seen how complexity can create anxiety and how complexity can create robust dynamism and multiple possibilities. Over the past 24 months, we have seen how uncertainty poses overwhelming challenges. We can expect education to undergo profound changes due to this pandemic. There are no ready-made solutions, technological or otherwise, in addition to facilities managers’ actions, work, and participation in inclusive dialogues and decision-making. 
The COVID-19 crisis has become evident that innovation and creativity are widespread and not relegated exclusively to select, well-funded institutions. To transform education during and after the current pandemic, we must learn from and support the responses of teachers, students, and other experts. The education system has been undergoing the most significant change since public schools appeared in the 19th century. The underlying research is based on an evaluation of the operational function of educational establishment buildings post Covid-19, a case study of the IQ building at the University of Wales Trinity Saint David SA1 campus. The Institute of Education, the Faculty of Architecture, Computing, Engineering, and the Construction Wales Innovation Centre are all located in the IQ building. In addition, a new library (Y Fforwm) is located nearby. To achieve sustainability, the university supports a community of staff and students across all campuses through social, economic, cultural, and environmental responsibility. In addition to using renewable technologies such as solar photovoltaic, the IQ building conserves water by harvesting rainwater and waterless urinals. It has good quality rainwater cycle storage, and landscaping that utilises local tree species. 
[bookmark: _Toc99412207]Literature Review
[bookmark: _Toc99412208]Building Operational Strategy and Design
There are new rules for ensuring air quality in classrooms focusing on ventilation, indoor air quality, and thermal comfort, among others. These changes are introduced to minimise overheating risks and for controlling the levels of classroom dioxide (CO2) in classrooms (Bernstein et al. 2017). Thermal comfort deals with introducing the adaptive thermal comfort concept, which is how the classroom members perceive temperature on the basis of various factors. There is another issue of rising CO2 levels in classrooms during winters as windows are closed for preventing cold draughts. It s recommended to assess the risk of drought by analysing temperature and air velocity so that fresh air can be introduced in classrooms by opening windows. This will ensure mechanical and natural ventilation in classrooms along with hybrid ventilation prospects.  
[bookmark: _Toc99412209]Ventilation
Considering the propagation of Covid-19, it’s important to incorporate ventilation strategies. As per the Chartered Institution of Building Services Engineers (CIBSE) guidelines, building ventilation contributes to a healthy building environment (Bobenhausen et al., 2020). Ventilation removes stale air and lets in fresh air from outside. Body odours, exhaled breath, and airborne pollutants from cleaning products and furniture can cause stagnant air. Any airborne pathogens must be diluted by ventilation. Poor ventilation increases the risk of catching an illness more than in well-ventilated rooms; in a poorly ventilated space, exposure rises depending on how much time you spend there (Chin et al. 2020). To reduce the risk of airborne infection, individuals can reduce time spent in an area, reduce airborne exposure concentrations, and reduce contact spread by regularly washing their hands and cleaning their surfaces—the ventilation rate and delivery method influence both far-field airborne exposure and airborne deposition (Dietz et al. 2020).
Traditionally, natural ventilation is used for supplying fresh air and providing comfort in classrooms by opening windows. This system can cause draughts and can even introduce pollution and noise in classes. On the other hand, a mixed-mode or hybrid ventilation system introduces fresh air into classrooms by both passive and mechanical means by using natural driving forces of wind along with the stack effect (Doremalen et al. 2020). 
[bookmark: _Toc99412210]Natural Ventilation
It is recommended to provide as much outside air as possible to minimise the risk of far-field transmission of SARS-CoV-2 via airborne aerosol. As much as possible, pathogens should be diluted and removed from the air, removing them to the outside and reducing the likelihood that they will land on indoor surfaces or be inhaled by users of the space (Education International, 2020). Unless there is no other way to vent all occupied rooms adequately, recirculation of air should be avoided. When air from outside is brought into a building through natural ventilation, there is no need for fans or other mechanical devices. Airflow is provided through openings in the building envelope, including windows, doors, roof turrets and other vents (Ronquillo, 2020).   
[bookmark: _Toc99412211]Mechanical Ventilation
Mechanical Ventilation Systems work to remove stale air, odours, moisture etc., from a particular room or building by making use of fans, ducts and pipes and, in exchange, provide the room with fresh air to breathe (Wunsch, 2020). These systems rely on the principle of pressure gradient but not completely. The use of pipes and ducts makes the process much more efficient and fast. They do not rely on the flow of air through windows, holes or cracks and crevices.
[bookmark: _Toc99412212]Maintenance and Cleaning
When the school installs the needed hybrid and mechanical ventilation and heating systems, they will demand proper cleaning and maintenance of filters and fans (Blocken et al., 2021). Filtration is needed to filter out pollutants and prevent the accumulation of dirt.  
[bookmark: _Toc99412213]Energy Consumption
The cooling and heating systems in classrooms consume a decent amount of energy and are considered difficult systems to manage effectively. In this regard, an HVAC Systems specialist is required to maintain and support the efficient design, operation, and installation of air conditioning, ventilation and heating systems (Nembhard, Burton, & Cohen, 2020).  
[bookmark: _Toc99412214]Air Conditioning
When you are experiencing heating and cooling problems, it is critical that you take the time to find the most appropriate HVAC service for your requirements. You don't want to hire a company that isn't qualified to work on your home or business. You must ensure that any firm or contractor you select to deal with your heating and conditioning difficulties is qualified and trained enough to manage the situation (Zheng et al., 2021). If you are familiar with the fundamentals of your heating and cooling system before hiring an HVAC service, you will be better able to choose the most qualified company for the job. HVAC is a subsystem of mechanical engineering following the principles of thermodynamics, fluid mechanics and heat transfer. HVAC technology provides healthy thermal conditions in residential, commercial buildings, hospitals and vehicles (Shajahan, Culp, & Williamson, 2019). 
[bookmark: _Toc99412215]COVID-19: Air cleaning technologies
Often termed 'air cleaners' or 'air purifiers, air cleaners remove or inactivate contaminants from indoor air. There are a wide variety of air cleaners that are designed to target a wide range of indoor pollutants (particulate matter, dust, vapours, viruses, and bacteria), and even though most of these technologies have been around for several years, interest in them has grown since the COVID-19 pandemic began (Blocken et al. 2021). To remove SARS CoV-2, a vast array of air purifying devices is available. Facilities Managers/Building Managers may find it challenging to choose devices that effectively reduce transmission risks. Non-experts often have difficulty discerning between them or evaluating manufacturer claims due to their complex interactions with the environment in which they operate (Gillingham et al., 2020). Only an experienced engineer should be responsible for the replacement or upgrade of air purifying devices. Outside air should not be replaced with air-cleaning devices. If other methods are not available, such as the availability of outside air for removing pollutants, then air purifiers would only be used to complement existing systems.
[bookmark: _Toc99412216]Assessing Indoor Air Quality
[bookmark: _Toc99412217]School assessments
[bookmark: _Toc99412218]Schools ought to consistently evaluate IAQ, including regularly taking a look at HVAC systems. As a feature for making arrangements for IAQ work, you ought to have looked for existing documentation on HVAC systems and issues, and a portion of the means illustrated in this record may coherently follow from your underlying analysis (Tran, Park, & Lee, 2020). On the off chance that a new IAQ assessment isn't accessible and on the off chance that ordinary examinations of HVAC systems don't happen, look for both. 
[bookmark: _Toc99412219]Conversations with Colleagues and Building Walkthroughs 
The Association and individuals can assume a significant supplemental part in distinguishing required ventilation upgrades. Consider organising with continuous Association arranging exercises in arranging and completing building walkthroughs and conversations with partners (Wolkoff, 2018). The objective of a building walkthrough is to see, smell, hear or feel signs that the HVAC system isn't working as expected or that other ventilation issues are happening. As the EPA says, "A school walkthrough by the IAQ maintenance specialist is an indispensable piece of IAQ management." Be certain to walk both the outside and inside of the building. Preferably, walkthroughs will be directed mutually with building managers and HVAC system specialists.
[bookmark: _Toc99412220]Ensure that indoor air is appropriately replaced, recirculated, or exhausted
An important measure is air changes per hour (ACH) which denotes the number of times air volume is replaced in a space with outdoor or filtered air (Vonci et al., 2019). Schools should have ACH. As per EPA, "If the outside air is provided through a mechanical system, then at least 15 cubic feet per minute (cfm) of outside air must be provided for each occupant." 
[bookmark: _Toc99412221]Flush HVAC systems by running them earlier and longer than usual
Under most ordinary conditions, mechanical air systems might stop consequently or be physically switched off when not expected to observe energy and running costs during evenings and weekends, for instance. Due to the Covid 19 pandemic, HVAC systems ought to be run longer or even consistently. It is suggested by ASHRAE and CDC that running systems two hours before the buildings are occupied and keeping them running until two hours they have been occupied (Allen, & Ibrahim, 2021).
[bookmark: _Toc99412222] Ensure that mechanical or other exhaust systems work effectively
Some aspects of within air are pulled once again into the system and blended in with some part of outside air and afterwards recycled. ASHRAE incorporates making sure that exhaust systems are functioning as planned in its rundown of COVID-19-related month to month system checks and confirmations list. 
[bookmark: _Toc99412223]COVID-19: Recommissioning of elevators and escalators
Many elevators and escalators will have been switched off during lockdown. Whilst many will return to regular service without any glitches, there are some precautionary steps that should be taken before this is done. The passage of time during the unexpected extended period of lockdown may have caused situations in which premature component wear or failure can be expected. If an elevator has broken down, the elevator contractor should be called in to service it (Koffel, 2021). If a lift has been maintained throughout the lockdown period, the chances of problems are reduced; nevertheless, problems may arise. With respect to lifts, social distancing will be a problem. A simple calculation will reveal that lifts with a rated load of 20 persons or fewer can classroom only one person while the two-metre social distancing rule is observed. Consider staggered working hours and/or working to reduce peak demand on lifts. Clean off surfaces, including push buttons, doors, and lift classroom walls frequently, but be aware that some cleaning agents may cause damage to buttons and/or cause them to stick.
[bookmark: _Toc99412224]Lift Use and Occupancy during COVID-19
1. All building users should decide whether they wish to use an elevator under, at least the recommendations below or use some other method to reach a floor in a building (Harrington, & Hadjiconstantinou, 2022). 
2. The elevator occupancy should only be limited up to a rated load of less than 800 kg. 
3. For an elevator with a rated load of at least 800 kg, the permitted occupancy should be one person per square metre, rounded down. 
4. Hand sanitising facilities and waste bins should be provided in all elevator lobbies. All intending students should sanitise their hands before touching pushbuttons or entering the elevator or classrooms. 
5. All students entering an elevator must wear an effective face covering as minimum PPE.
6. On entry, all building users should operate all the pushbuttons using a clean disposable object such as a sanitizer, glove, etc. 
7. All students should space themselves uniformly in the classrooms, maximising interpersonal spacing and facing away from each other and towards a classroom wall or the classroom doors as much as possible, although they may need to check the location of the elevator when it stops if the lift does not have voice annunciation. 
8. After exiting the classrooms, any disposable objects should be safely disposed of in the bins provided in the lift lobbies. 
9. After exiting the classroom, all persons should sanitise their hands. 
10. All surfaces touched or likely to be touched, including the lift push buttons, doors, door frames, etc., should be cleaned regularly according to a risk assessment. The frequency shall be determined by the lift usage. In a large busy office building, it might be every 15 minutes in a small classroom, possibly once every three hours. 
11. Those responsible for the management of the elevators should strictly control passenger behaviour by posting notices explaining the conditions of elevator usage.
[bookmark: _Toc99412225]Current Facilities Management Trends Post Covid-19
It is important to pay attention to how facilities are managed and how services are delivered after the COVID-19 outbreak has occurred. Built environments, whether they are owned or leased offices, warehouses, retail stores, or manufacturing facilities, all require classroom planning and attention. As health and wellness become focus areas for organisations, facilities managers may be hired to drive such initiatives. FM services providers can also play a more strategic and long-term role, with facets like safety and hygiene becoming more and more important to all of us (Tumlinson et al., 2020). Changing attitudes and technology will drive FM services providers to become more sophisticated. A facility manager's role evolves from just providing services to fostering a culture anchored in safety, quality, talent development, technology, and analytics. 
[bookmark: _Toc99412226]Shift to Digital
In real estate, technologies are changing how functions and facilities are used. It has changed when, where, and how people work, redefining the workplace and way of life. As digital systems become more powerful and deeper integrated into organisations' processes and operations, the way companies manage and use property, whether commercial, residential, manufacturing or warehouse, will continue to change. Data-driven decision making and efficient property management are possible thanks to digital processes. 
[bookmark: _Toc99412227]Smart technology and Artificial Intelligence
Almost every aspect of building automation is being accelerated by smart technologies. By leveraging technology, FM providers will be able to better manage their day-to-day tasks. Business parks, offices, shopping malls, apartment complexes, warehouses, and other public places can all be automated using smart technologies. These new technologies can help facility managers optimise their time and create a more conducive environment for occupants.  
[bookmark: _Toc99412228]Research Aim 
· Examine how facility managers manage building functions today compared to pre-Covid 19 and determine if lessons have been learned.
[bookmark: _Toc99412229]Objectives 
· Identify the Pre-COVID operational management strategy of Facilities Management.
· Assess and identify how the building functions during and after COVID
· To consider post-COVID building management.
· Establish a management plan for the operation of the building post-COVID
[bookmark: _Toc99412230]
Methodology 
	This research is qualitative in nature. In order to identify the Post COVID operational management strategy of Facilities Management, we will be conducting a survey with the facilities manager. This will ensure that we can get first-hand data on experiences witnessed by the facilities managers/building managers before and after the building handover and operation of the building pre covid. For assessing and identifying how the building functions during and after COVID, we will be conducting a survey using a questionnaire with building users, lecturers and students. This will help us in gathering the user experience and how facilities management/building managers have made the necessary changes to improve user experience. In order to consider post-COVID building management, we will be designing three extended questionnaires, which will comprise close-ended and open-ended questions aiming to give us insights into the considering the building management strategy after Covid-19. 
For establishing a management plan for the operation of the building post-COVID, we will be conducting four interviews with experts based on the findings of objectives one, two, and three and an observational walk around with experts to identify potential problem areas. The underlying idea is to gauge how and what modifications the building management has adopted. The questions are designed carefully to answer the requirements of the research question. The interview will be duly transcribed and recorded, respecting the desires and rights of the research participants. To conclude, a walk-through observation will also be used in the research method being held around the IQ building. In addition, the interview will be neutral and open. It was duly possible to assess the interconnections between space, feelings, and content by means of assessing the conversation, the choice of direction, and the nonverbal cues (such as facial expressions). This will allow a broader understanding of the interview content allowing a comprehension of varying participants' perspectives.
The research style is qualitative, and the methodology is based on an inductive approach by moving from explicit observations to wider generalisations being done in this subject. The research philosophy is interpretive, and the focus is on understanding the idea of implementing technology in buildings to improve user experience by evaluating data collected through comprehensive primary and secondary research. The strategy behind this research is to conduct it in three phases, background study, literature review and data analysis. The research is completely in compliance with the ethical guidelines of the University standards. 
[bookmark: _Toc99412231]Research Plan
[bookmark: _Toc99412232]Phase 1
First of all, detailed analysis of the current documents and background research is done, focusing on how building management strategy can be used in the broad domain of research. 
[bookmark: _Toc380143909][bookmark: _Toc380752980][bookmark: _Toc99412233]Phase 2
There is a detailed literature review to see the opinions of scholars and reputable individuals in the domain of using building management systems pre Covid-19.
[bookmark: _Toc380143910][bookmark: _Toc380752981][bookmark: _Toc99412234]Phase 3
After the literature review, data analysis is conducted. The data collected in phase two of the research is also considered, and specific attention will be given to all issues highlighted. 





Timescale

 
[bookmark: _Toc99412235]Results
After collecting the needed data using interviews, open-ended questionnaires, close-ended questionnaires, extended questionnaires, and observational walks, we will categorise and highlight the main themes from the collected data and discuss them in detail in the given research. Owing to the effect of data collection, it is possible to analyse the collected data in a proper manner. For making sense of data, the given notes will be thematised, coded, and broken down. Each individual research method will be observed as per similar expressions (codes), phrases, and words that repetitively appear during the research. In turn, this is to be applied in the research for interpreting the data and subsuming the interpreted data into thematic codes. All the relevant steps allow the researcher to take a look at the 'bigger picture, giving profound insight into the research question.
[bookmark: _Toc99412236]Evaluation
The research is very important and relevant in current times as educational establishments around the world are having to follow and adapt new set of requirements to ventilation and building operations management strategy and design due to the covid pandemic. There is a lot of disinformation and ignorance circulating about the mitigation of the spread of the current virus. Not all types of viruses are necessarily airborne, but it is clear that the present COVID-19 is. The virus binds to moisture in the air and can float around until it comes in contact with something, be it a wall or floor surface or a person. The time that the virus can remain suspended and floating in the air is dependent upon how heavy the moisture particle is; a large, heavy particle can drop to the floor in a matter of a few minutes, a very dry, light moisture particle can remain suspended just floating around the room for up to 40 hours (that's nearly two days). Based on the above information, it can be understood that a poorly ventilated space will not dislodge or remove much of these suspended particles, and hence the risk of spreading the virus is high, even the day after the contamination was distributed. A high ventilation rate will have a greater chance of removing any contaminants from the occupied zone. How that ventilation is managed within the room and at the plant will determine how effective the ventilation will be.
As the COVID-19 infection keeps on spreading across the world, countries, particularly those that are gradually facilitating the execution of lockdowns and additionally isolating again like China, are laying out preventive measures and are progressively. Considering this, New and existing buildings should be designed, constructed, and operated with the well-being of occupants in mind. It is possible to create, renovate, and build buildings that support healthy environments and behaviours and minimise adverse health outcomes. Concerns and issues on the current state of educational establishment buildings were presented not to disrespect and invalidate any effort of the current government in improving the educational buildings in the country. On the other hand, these were used to highlight what is needed for immediate resolution, especially during this time of the pandemic. This research will not only be of help in establishing better preventive measures for schools to ensure the welfare of students and educational institutes staff and to prevent further transmission and reduce the impact of the virus, but it would also make a huge contribution to the future of educational institutes. This would open new opportunities for building designers in creating new, better, and healthier design strategies for educational institute facilities that promote both excellent education outcomes and public health. This research, while specifically made for educational establishment buildings it is still relevant and applicable for other types of establishments since the identified building characteristics that increase the spread of the COVID-19 virus are also characteristics of other buildings and structures.
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