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8.0 


                                          ‘’It is the nervous system of a building.
Hardware, software and network together we will call it a "smart" building solution’’.
                                                                       (Eugeny I. Batov / Procedia Engineering 111 ( 2015 ) 103 – 107)
1.0 - Introduction
There is an ever-growing need for more energy efficient buildings. ‘The present day buildings have become the third largest consumer of fossil energy after industry and agriculture’ (Chel et al., 2018). In the past we have been guilty of ignorance but daily news reports and articles are circulated worldwide informing us of the importance of energy conservation. Azzouz et al., (2017) talks about how ‘the construction industry generates 25% of solid waste and emits 33% of greenhouse gases, thus increasing the risk of energy scarcity and accelerating human-made climate change’. We are all familiar with renewable energy and low carbon buildings but even these relatively new technologies have huge scope to develop in the near future. As a society we need to be more aware of the impact our actions have on global warming and be willing to make changes. 
We have come a long way in our development of new, smarter and energy efficient buildings but the focus should be placed on utilising our current stock by updating, adapting and bringing them in to line with the energy efficient homes of today. By maintaining our existing buildings we can utilise what we have and reduce the amount spent on new build. The maintenance of buildings is of the utmost importance to retain a sound structure and to maximise the durability of the building fabrics. To get there we need to better control the energy our buildings consume and smart energy or smart buildings are using technology to do exactly this. 
Building management systems have been part of the construction industry for some time but recent developments in the industry have allowed these systems to be integrated with the smart technology being discussed here. In some modern commercial developments, they can include a B.M.S. (building management systems) which monitors various services within the building. The types of systems can include heating, electrical, sprinkler, fire alarm and air handling systems to name a few. B.M.S. have definitely changed the way we monitor our buildings. Some of the systems I have experienced are quite basic compared to some Smart B.M.S. that are being used in more innovative developments around the world. The basic B.M.S. will monitor the services connected to it and notify the user when there is a fault. The Smart B.M.S. can detect if certain mechanical parts are not functioning as if they should or are about to fail, also known as Predictive Maintenance ‘a smart-building management system can detect minute changes in fan speed, air temperatures or energy consumption, and trigger continuous adjustments to optimize equipment performance. This “continuous commissioning” provides a major advantage over manual equipment testing, which typically is performed every few years’ (Greentechmedia.com, 2019).
With the correct building materials and the knowledge and technology to only use energy when and where it is needed, we can, not only build better homes but we can turn our existing buildings into smarter building of the future. Smart Technology in buildings or Smart Buildings, are monitored through various sensors located in specific locations throughout the building. Data is collected from the sensors and processed, this data then dictates when certain services should be functioning. ‘In a smart building, by monitoring elements such as air conditioners, lights, computers, windows, doors, etc. it is possible to automatically configure the environment according to the human behavior’ (Sembroiz et al., 2019). This relatively new technology is increasingly developing and if it can be incorporated into all of our buildings and homes it can have a huge impact on the environment. The topic of carbon emissions and global warming is very much in the public eye. There are many opportunities and ideas to reduce our carbon footprint, it is not only extremely prevalent but it is something that needs to be managed. There are various guidelines and recommendations for building systems to be maintained and serviced, and these differ within the various sectors. I hope to prove that by introducing these smart systems to our buildings it can reduce our energy consumption and help to slow down the deterioration of the fabrics, which will potentially reduce the need for regular maintenance and servicing.

2.0 - Aims and Objectives
2.1 - Aims 
· To investigate smart technology and the relationship it has on the user.
· To investigate the effect smart technology has on maintenance of the building and its services.
· To apply and examine sensor induced maintenance scheme.
· To compare the energy efficiency with the use of smart sensors of building A (smart) and building B (non-smart).  

2.2 - Objectives
· To identify existing maintenance and facilities management repairs in commercial building services.
· Classify how predictive maintenance works in smart B.M.S and what services it can monitor and control.
· To compare and contrast the data collected from building A and building B.
· Identify potential maintenance faults in the building services.
· Investigate any limitations the technology has.  
· To propose a sensor based maintenance schedule for buildings A and B.

3.0 - Literature review
3.1 - Smart technology
Batov (2015) talks about the different interpretations of smart buildings. Firstly he describes, ‘a home equipped with lighting, heating, and electronic devices that can be controlled remotely by smartphone or computer.’ The alternative is that, ‘instead of being programmed to perform certain actions, the house essentially programs itself by monitoring the environment and sensing actions performed by the inhabitants (eg. turning lights on and off, adjusting the thermostat), observing the occupancy and behaviour patterns of the inhabitants and learning to predict future states of the house.’ These views of smart buildings are quite different. The first system relies on the user to control the system to their requirements, whereas the second system relies on the intelligence of the system to use the data collected to predict when and where to turn services on or off. For this research proposal I will be basing my discussions on the second system.
In review of Sembroiz et al. (2019) literature, they describe the internet of things (IOT) as being, ‘a system of inter connected elements or things,’ and that the system has the, ‘ability to gather and transmit information and exercise control over it.’


3.2 - System Users
Sensors are being used more and more to collect data in our homes. Pacey (2019) talks about, the introduction of sensors in our buildings and how we can utilise the smart systems within the care industry, and ‘how by 2020, 50 million sensors will be in use worldwide’. In the care industry, it is a known fact that the NHS is struggling to care for our aging population but with the aid of internet-connected sensors, we can care for the elderly and disabled in the comfort of their own homes. This system works by, ‘remote monitoring of health through blood pressure and heart monitors that note behaviour patterns and highlight any changes that might indicate a problem’ Pacey (2019). This article highlights the potential of smart buildings and that they are not just tools to save energy and increase comfort in our buildings. They definitely have a place in all our homes and the benefits could be endless but the building users need to be involved at the beginning, ‘as well as soliciting the opinions of users, buildings designers should embrace their role as service providers and collaborate more closely with clients to create innovative buildings’ Pacey (2019). This connection between the building and its user became apparent and in most of the articles I have read, this ‘relationship’ is mentioned.
3.3 - Predictive Maintenance
Predictive maintenance of the smart systems is essential if we are to rely on the technology to function efficiently and effectively. There are different levels of predictive maintenance and these will depend on what services are included in the system and the level of investment in the software. Cauchi et al. (2017) discuss the European Union’s aim to increase the renewable energy sources, ‘by 2020 it has stipulated that biomass fuels will account for 56% of renewable energy generation’. Biomass fuel boilers require a more vigorous cleaning regime because of the soot produced during the heating process. Predictive maintenance is utilised well in these systems, an algorithm is developed that dictates when and at what intensity the cleaning process takes place. The system can also forecast parts that are about to fail or are coming to an end of their lifecycle, this is a huge advantage to keep one-step ahead of the mechanical systems and could completely change the way we manage our equipment. If we can predict faults, we can reduce the risk of potential system failures, shut downs and mandatory servicing. By monitoring parts of our system and managing it as a whole, we can even increase its lifecycle. These fault diagnostic sensors are extremely sensitive to the smallest of changes, ‘degradation and faults in one component may affect other components. As a result, multiple residuals/sensors may indicate deviations from nominal behaviour’ (Khorasgani and Biswas, 2019).
4.0 - Methodology
I am part of another research project about smart buildings and energy conservation where data will be gathered via the use of sensors. The sensors will be specifically located to collect data on its usage.  The data collected will identify the times and duration a specific room is in use and the consumption of services being used. The data will dictate the differences between the potential energy consumption of a room and the actual consumption. 
When researching smart technology in buildings, one first identifies the impact it has on its users. The different building services they can control, how they work and how they impact on the environment will be explored. The data will be collected from the sensors and the results will be compared to see how well the system works in buildings of different age and use. The buildings that will be monitored belong to the university. The Dylan Thomas building(A) and SA1(B) were built in the 1800’s and 2018 respectfully and vary dramatically, but provide a good comparison.
Secondly, the services that could be monitored, controlled and what the maintenance implications are when these systems are in use, will be explored.
The planned and reactive maintenance issues that could be associated with the different services will be investigated. Typical repairs to heating, ventilation, lighting and fire alarm systems will be recognised and the system will be scrutinised, could it recognise the fault and to what level? 
The next stage of the research includes predictive maintenance within smart systems, it will ask if, by using the smart technology could we eliminate the need for regular servicing and replacement of parts as routine. Is the technology advanced enough to not only predict a fault but to remove the need for mandatory servicing and only maintain and replace parts when it is absolutely necessary? If we can predict a fault in a part, or the system, then surely we can reduce the need for on-site maintenance workers. How reliable are the predictive systems and are they fault free? 
To gain expert opinion on the introduction of smart technology in buildings of different age, some commercial services manufacturers will be contacted and interviewed. Veissman UK, Ideal, Systemair and Nuaire are the intended manufacturers. The questions asked will relate to how relevant smart technology is in their product development, their thoughts on what the future looks like and how reliable predictive maintenance can be? 

5.0 - Results
The data collected from the sensors will hopefully prove that there is a place for smart technology in all buildings. If the sensors are correctly located and they collect the data effectively, it can be used to dictate which services can be managed more efficiently by the smart system. It could be assumed to have positive effect on the environment beginning with reduced energy consumption. The actual energy saving calculations will be theory based but by researching deeper I hope to show the positive and maybe negative effects smart buildings have on the environment, its user and the building itself. We know within the care industry, if developed correctly it can have a huge impact on lifestyle and wellbeing, as well as being financially viable. From my research so far, it seems obvious that this technology is still developing but there are already predictive maintenance programmes designed to reduce the running repair costs and forecast potential faults. There will no doubt be some issues integrating the software within certain systems and it will take time to trust and rely on a computer making decisions a technician would normally make. There will be some differences in the energy consumption within the two buildings. Building A with its lack of insulation, original stone walls and high ceilings should perform worse than building B being fully insulated and constructed in 2017. There should also be some differences within the building fabrics, you would have to assume the materials used to construct building B should in theory out last building A but building A has been standing for over 200 years and many of which those years were without heating, lighting etc. One could assume the results from the interviews would be positive. To keep up to date with the latest technology within the construction industry, manufacturers need to be developing and integrating smart technology into their systems. With the aid of today’s technology, would older buildings be in a worse or better state if they had installed central heating and mechanical ventilation from inception?  
6.0 - Evaluation
This proposal looked at the effects smart technology has on its users and the building itself. This exciting technology will transform the construction industry. When evaluating the literature the more compelling and advanced ideas were written in the U.S. There were some U.K based industry professionals with interesting opinions but we are still behind other leading countries in the smart building technology. Along with the obvious benefits in energy conservation, the smart buildings can assist, pre-empt and predict the application and deterioration of services throughout a building. Further research will be needed to find out the effects smart technology can have on the different building fabrics, this was my key argument and there seems to be a gap in the research market. If by having smart systems in our older buildings and by controlling the air and temperature quality, we can possibly slow down the deterioration of the building fabrics. This would be huge in retaining our aging building stock, utilising and recycling instead of demolishing and wasting. The potential for making our existing buildings ‘Smart’ will prove to be key in our fight to reduce our carbon footprint. 
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