Building Services Assignment
TASK 1 - VENTILATION and HVAC TECHNOLOGIES
 Mechanical ventilation
Ventilation is required in all buildings to remove concentrations of carbon dioxide, water vapour, fumes and excess heat as well any other air contaminants. The ventilation system creates air movement within a building and replaces the contaminated air with fresh air. This allows occupants to breath fresh air and feel comfortable but without draughts. (Hall, 2014)
Mechanical ventilation relies on using a fan powered system to intentionally drive outdoor air into the interior of a building. One way in which both the offices and residential spaces can be mechanical ventilated is by using a supply and extract system. This type of mechanical system comprises of an air supply fan which extracts outside cool air and one exhaust air fan which removes stale and contaminated air. All office spaces can be ventilated with this method using a ducted system. The ducted system will house axial flow fans which are capable of moving air throughout entire ductwork systems.  The ducted system will house axial flow fans which are capable of moving air throughout entire ductwork systems. (Al-Shemmeri & Packer, 2021)
Heat Recovery

The mechanical supply and extract system can be designed to incorporate heat recovery. 

Heat recovery enables heat from the conditioned indoor air to be recovered and reused to heat fresh air entering the building’s mechanical ventilation system. Heat recovery systems have a heat exchanger that puts the indoor air that is extracted into thermal contact with the outdoor air for renewal which then reheats the interior space. Advanced window technologies with dynamic solar control can limit heat losses in winter and avoid excessive heat loading in summer while allowing natural light to enter buildings. Heat recovery systems allow for a high percentage of energy to be recovered that is used to heat or cool the air and this wouldn’t be possible if a heat recovery wasn’t incorporated into the ventilation system. It is thought that heat recovery systems can recover up to 90% of ventilation heat loses resulting in less energy consumption to provide heating making it a very sustainable approach. (Picallo-Perez et al., 2021)
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Figure 1: Supply and extract ventilation system with heat recovery.
The use of a rotary wheel heat recovery system should be considered for the building. This heat recovery system is a motor-driven, rotating porous wheel and the system works by the heat and moisture steams alternately passing through the wheel. This process is shown in Figure 2. 
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                                                      Figure 2: Rotary wheel system
A rotary wheel heat recovery system would be worthwhile addition to the mechanical ventilation within the building as a rotary wheel is seen as the most efficient type of heat recovery system because it allows heat top transfer from the exhaust stream to the supply stream without having to pass directly through the exchange medium. Due to this they can usually achieve a heat exchange efficiency of above 80%. This will make a good contribution towards the heating demands on the buildings internal environment and will result in lower energy bills for the occupants. However, it must be noted that the efficiency achieved is dependent on the wheel rotation speed and the materials in which it is constructed from. A rotary wheel heat recovery system can also be seen as a good financial decision as it has a payback period of less than a year in newly constructed buildings and can lower life cycle costs of the ventilation system by 25-50%. (Xu, Riffat, & Zhang, 2019)
VRF System

A HVAC technology that would be useful to use in conjunction with the heat recovery system would be a variable refrigerant flow (VRF) system. A VRF system circulates only the minimum amount of refrigerant needed during a single heating or cooling period. It can adapt the refrigerants volume in a system to meet a building’s exact requirements. It can be installed in the form of either a 2 pump or 3 pump system. It would be more beneficial to install the 3 pump system as the 3 pump has the ability and to simultaneously heat some zones whilst cooling other ones whilst the 2 pump can only offer either heating or cooling at one time.  This would be particularly beneficial in the office spaces of this project as the offices are indented to be flexible with different zones. The various offices will have different clients and individuals who will all require varying heating and cooling needs. (Stanford & Spach, 2019). 
Chilled Beams
An alternative solution to providing heating, ventilation and air conditioning for the building would be using active chiller beams. Active chiller beams could be used in conjunction with a mechanical supply and extract system. The MEV system would provide the active chilled beams with their integral air supply. 
A chilled beam system consists of a central air conditioning plant, a duct distribution systems and terminal devices in the conditioned space. In the case of the active chilled beam, it features an integral air supply. This primary air supply passes through nozzles, which induce air from the space up through the cooling coil. This induction process allows an active chilled beam to provide more cooling compared to standard chilled beams which just rely on natural convection currents. (Murphy, John; Harshaw, Jeanne, 2011)
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                           Figure 3: Typical example of what a chilled beam looks like

Active Chilled Beams

Active chilled beams can provide heating as well as cooling. They provide cooling by mixing the primary air supply with cooled air before discharging it into the space through integral slots. Its recommended chilled beams are installed at regular intervals to provide uniform cooling and heating. In order active chilled beams to provide heating for spaces as well as cooling they can incorporate a copper pipework system to allow for warm water to pass through the same fins used for cooling. (Murphy, John; Harshaw, Jeanne, 2011). Figure 4 below shows the transfer of a warmer primary air supply entering the system with the chilled beam then discharging cooled air back into the space. 
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                                           Figure 4: Active chilled beam system diagram

Chilled beams can be seen as a valuable addition to the building’s services regarding maintenance as they require very little. This is because active chilled beam systems don’t contain any moving parts such as fans and filters. This ultimately reduces maintenance to visual inspections every couple of years. The lack of maintenance needed then reduces the building’s life cycle costs. (BRE, 2004)
Chilled beams also will considerably improve the building’s energy efficiency and add value in terms of boosting the building’s sustainability credentials. Chilled beams can improve efficiency in both office productivity and ventilation. This is especially possible if active chilled beams are installed on a building’s interior perimeter. (BRE, 2004)
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Perimeter chilled beams are installed close to glazed facades. This makes them ideal for the office space in question as glazed curtain walling was recommended in a previous assignment. They are designed to offset solar gains in the perimeter sone and minimise the depth of the zone of potential thermal discomfort. Due to their perimeter location usable floor area is increased allowing for increased efficiency and flexibility for the office client. (BRE, 2004) Figure 5 shows a perimeter chilled beam.
Figure 5: Perimeter chilled beam
Efficiency of the chilled beams itself and its ventilation and cooling capacities are also improved from a perimeter location as any heat radiating from the glazing enhances the temperature difference across the chilled beam which raises its cooling performance. This increased cooling performance could only be achieved from chilled beams placed in alternative locations if the size of the chilled beam was increases which would therefore decrease efficiency. 
Figure 5 shows a perimeter active chilled beam in a wide frame building. The wide frame refers to the concrete structural frame previously recommended in another assignment. It shows the active chilled beam located close to the perimeter of the building with heat radiating from the glazed curtain wall towards the chilled beam. 
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Figure 5: Perimeter active chilled beam

An installation challenge faced regarding chilled beams is that the width of the structural frame of the building can have a significant impact on the location of the chilled beam and its distance from any façade windows. This impacts the performance of the chilled beam as it further from the glazing and won’t be able to capture as many thermal plumes rising from the glass. This is demonstrated in figure 5 showing the rising thermal plumes meeting the wide concrete frame and not the chilled beam. 
Task 2 - ELECTRICS AND LIGHTING
Electricity Supply 

Due to the size of the multi-storey building it will require its own sub-station for the conversion, transformation and control of its electrical supply. A multi-use budling like the one in question will require great amounts of electricity to meet the demand from various occupiers including residents and office employees. Sub-stations are supplied by high voltage cables from a switching station.  Figure 6 below shows the standard layout of an electrical sub-station. (Hall & Greeno, 2017)
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Figure 6: Layout of electric sub-station
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Electricity will be transferred from the sub-station to the building underground via service cables. These service cables will enter the building and connect to the electric meter as shown in figure 7. The electrical supply to the building will require an earthing facility. This required to provide a path for the current to flow to the earth in the occasion where a fault occurs. Without earthing there is a risk of serious electric shocks. TN-S systems are widely used throughout the UK and consists of a supply protective conductor. This connects back to the transformer where it is then effectively earthed. Figure 8 shows an example of a TN-S earthing system. (Hall & Greeno, 2017)
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Figure 7: Services cables entering building                                Figure 8: TN-S earthing system
Natural Lighting

Lighting leads a person instinctively through a space, and it controls what a person sees or does not see. It can quickly and simply change the atmosphere of a space and how a person feels while in it. Additionally, the proper level of illumination allows the user to easily complete the tasks required. Ultimately, the lighting determines how successful a design will be aesthetically and functionally. (Karlen, 2017)
Natural daylight is important as it’s known to have positive effects on people and increase productivity as well reducing stress. The amount of potential daylight available for a building needs to be considered before construction work begins to ensure that all opportunities to reduce artificial lighting are realised during the design process. This then results in only the minimum energy usage required for artificial lighting. (Karlen, 2017)
A method allowing natural daylight to fill interior spaces of the building would be using skylights. A skylight is a light permitting structure made from transparent glass that usually forms part of the roof of a building. Large skylights could be incorporated into the building design to potentially provide daylight throughout the entire building even down to the basement levels. A case study that demonstrates this method of natural daylight excellently is the construction of The Salesforce Transit Centre in San Francisco. 

The design of the centre includes an extensive use of natural daylighting using three large skylights integrated into the contours of the buildings natural green roof. These allow natural light to travel down through commercial workspaces all the way to a basement train platform. (Clarke, 2022)
Figure 9 below showcases a section of The Salesforce Transit Centre with a focus on the huge integrated skylight (Clarke, 2022) and a drawn design of how a similar system could be incorporated into the apartment and office building for Cardiff. 
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Figure 9: Salesforce Transit Centre, San Francisco (Clarke, 2022)
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Figure 10: Drawing of how skylight system could be incorporated into the building’s design

It would be possible to adopt a similar approach for the apartments and office spaces in Cardiff. The building could be designed so that one or a couple of these skylights could transmit light down through the building stories. Communal hallways and landings could be lit within the apartment stories with the light then also reaching the open plan office spaces below. For the private interiors of the individual apartments, it would be best to light these via individual private windows or smaller skylights for top storey ones. 

On one hand it could be seen as very advantageous to implement this method into the building especially in terms of providing light to the office stories on the lower levels. This is because natural daylight enhances psychological comfort, increases productivity and reduces eye strain for employees. The skylights would also prove to be very aesthetically pleasing. (Meerbeek, 2014) However, there is also the judgement that having such large skylights may cause excessive solar heat gains and glare which will lead to occupant thermal dissatisfaction. There will then be more reliance on the implemented HVAC technologies to maintain a comfortable interior temperature which will increase the buildings energy usage. (Li, Wong, & Li, 2013) It would be possible for advanced window technologies with dynamic solar control to solve this problem though as they can minimise excessive heat loading whilst still allowing natural light into the building. (Kreith, 2016)
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Figure 11: Photograph pf the skylight lighting the basement level of The Salesforce Transit Centre to help reduce artificial lighting energy costs. (Clarke, 2022)
The light from the rooftop skylights could further be reflected within the interior spaces by using suspended light pillars and mirrors. Suspended light pillars and mirrors were successfully used beneath the skylights in The Thomas Phifer and Partners Courthouse building in Salt Lake City. The light pillars made from stainless steel and mirrors reflect the light and allow it to bounce further into an interior space. Figure 12 below show both mirrors and light pillars and mirrors reflecting light into the main reception area of the Thomas Phifer and Partners Courthouse. (Archdaily, 2014)
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Figure 12: Mirrors and light pillars reflecting natural daylight (Archdaily, 2014)
Artificial Lighting

Where it isn’t possible to light the interior with natural daylight artificial lighting can be used. One way of providing artificial light within the building is by using light emitting diodes (LEDs). LEDs are an excellent choice to use in artificial lighting systems as the power supplied to them solely goes on generating light and not excess heat thus making them an energy efficient and more sustainable choice. 

It’s recommended that any artificial lighting for office spaces and retail spaces are 500 lux as more difficult tasks that require judgement will be carried out in that environment hence why stronger lighting is needed so occupants have visual comfort. 

For the residential apartments the artificial lighting would need to be 300 lux. The apartments wouldn’t need as strong lighting as the office spaces as tasks conducted within residential environments tend to be moderately easy and not as complex as work environments. (Tymkow, 2020)
To manage the outputs of luminaires making up an artificial lighting system a lighting control system can be used. The system will control the output from the lights to provide the correct visual environment depending on current natural light levels, room occupancy and the tasks being completed. This reduces wastage from manually turning on and then leaving on standard lights and increases efficiency. 

Automatic controls can be incorporated into the lighting control system to then make it possible to use occupancy sensors. These sensors will automatically turn luminaires on when a room becomes occupied and automatically turn them off after a set amount of time of no occupancy or activity. (Tymkow, 2020)
Emergency Lighting

The role of emergency lighting is to illuminate a safe exit route if the mains power fails or to continue to provide lightning if the mains power fails so occupants can continue to have visual comfort. Separate luminaires are used to form an emergency lighting system that are powered from central or individual battery units. 

Emergency lighting luminaires would need to be strategically placed to ensure that all fire escape routes, stairways, exit doors and changes in floor levels are appropriately lit. 

To provide this emergency lighting LED bulkheads could be used. They usually consist of a polycarbonate body and tray which houses components such as rechargeable batteries. These lights are charged when the mains power is functioning but if the mains power fails, they will provide light for up to 3 hours. Once the mains power is restored the bulkhead batteries will recharge. 

TASK 3 – EQUIPMENT CHOICES AND SUSTAINABLE FEATURES

Thermal energy storage (TES) would be useful to incorporate into the building design to work in conjunction with the HVCA systems to heat and cool the building sustainably whilst preventing the wastage of heat energy. Thermal energy storage can store solar heat in the summer months to be used in winter. TES works by utilizing the natural heat of the sun in summer and the coldness in winter. It opens the possibilities of using these natural energy resources which would otherwise be wasted.  (Heier, Bales, & Martin, 2015)
TES can add to a buildings sustainability credentials as they use the natural warmth and cold instead of it being wasted. By doing this it eliminated the need for fossil fuels and emissions of greenhouse gases and other air pollutants. Also, because they use natural cold from winter months or cold days to cool the interior of the building when temperatures become too high it stops the need of heavily relying on electrical energy for refrigerant air conditioning systems which contribute emissions of ozone depleting gases.  (Heier, Bales, & Martin, 2015)
Another advantage is that TES systems can offer various storage durations. An example of short-term cold storage would be the overnight ventilation of the building where the interior is cooled. This reduces the need for active cooling during the next day. On the other hand, an example of long-term storage could be the storage of snow from the winter to be used during the next summer season. In terms of heat energy as the building, especially the offices, will have lots of glazing meaning it will have high internal gains. This excess heat could be stored during the day to limit the need for cooling and then released at night-time to reduce the heating demand.  (Heier, Bales, & Martin, 2015)
TES can also help with saving money on energy bills. It’s seen as a cost-effective idea to use any stored energy during peak energy usage times when energy companies charge the highest rates. By using stored energy, it eliminates the need to rely on energy and allows you to only require additional energy at off-peak times when prices are considerably lower or when there isn’t enough stored energy to meet the entire energy load of the building. This saves residents in the apartment’s money on their bills and reduces businesses in the commercial part of the building expenses. The reduced reliance on energy and overall energy consumption could also lead to the building satisfying the BREEAM reduction in energy use and carbon emissions criteria. 
The above information regarding TES and its advantages of efficiency and cost are referenced from a study conducted by Heier et al,. all of whom are part of The School of Energy and Environmental Technology at Dalarana University, Sweden. The information from this source can be considered as credible and trustworthy due to the authors having direct links with environmental and sustainable technologies as well the paper being peer reviewed meaning it’s been approved by other professionals specialising in similar areas. It’s also particularly valuable in the way it is the findings and opinions of people who have had direct experience with underground thermal energy storage systems. The scope of the research covered consisted of large multifamily and occupancy buildings such as apartment buildings making it directly related to the Cardiff City Centre scheme in question. This therefore makes it an excellent study to refer to regarding the implementation of TES systems for this new building in question. However, it should be noted that this research was conducted in Sweden which has a colder climate to Cardiff and the rest of the UK therefore meaning TES systems could work differently due to the larger temperature differences present in Sweden. 
A recommended method according to Lee, 2014 in which to implement a thermal energy storage system is using an aquifer. An aquifer is a good method for TES as the soil conditions, which were previously identified, consist of wet clay meaning there is plenty of water readily available within the ground. 
Aquifer thermal energy storage (ATES) is an approach to TES that is seen as being more efficient compared to other thermal energy systems. They work by storing cooled and heated groundwater beneath ground level from respective heating and cooling mode cycles. They are operated by transferring heat or cold mass to or from groundwater through a heat exchanger

Thermal energy is transferred into and from the aquifer via groundwater movement. The role of the aquifer is to store low-grade thermal energy such as solar heat, ground heat or waste heat within water. The thermal properties of water allow for this energy to be maintained within an aquifer although the maintained temperature is more dependent on the thermal properties of the ground and flow characteristics of the aquifer.  This water can then be withdrawn and used for interior space heating or cooling during periods of high energy demand. 
ATES open-loop systems offer good energy efficiency compared to closed loop systems as they allow for seasonal and long duration storage for thermal energy. They can collect solar in energy in summer months and cold air in winter months. This energy can then be used as heating or cooling in the building whenever it is needed instead of purchasing energy. 
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Figure 13: Aquifer thermal energy storage system
Figure 13: The storage of heating and cooling energy via heat exchangers. The building will be cooled with ground water from the cold well in summer and heated in winter from the warm well but with the addition of a heat pump. Heated water from the cold wells is stored in the warmth wells and vice vera. The cold and warm wells are connected via a loop system hence making it an open loop system. 
The suggestion for implementing TES using an aquifer comes from Lee, 2014. The book specifically addresses underground thermal energy stores and was published by Springer which is a highly respected academic publisher focusing on scientific books and journals making this a credible scholarly source for information. 
Another innovative system that could be incorporated into the building design and fabric would be the use of precast concrete energy piles. These piles have the same bearing capacity as standard precast piles, but they differ in the way that PE tubes are installed within the concrete piles to exchange energy from the ground surrounding the pile. The installation of energy piles is the same process as installing standard piles. (Henriksen, 2022)
An example of a project where energy piles have been successfully incorporated to form part of the building structure and service is the construction of Centrum Pile new office in Kollanda, Sweden. The building is supported by 48 precast concrete energy piles which will provide sustainable ground-source heating. The piles will provide energy to meet the demand all year round. During the colder months the piles will provide heating through the circulation of liquid. The liquid temperature is maintained due to the constant ground temperatures. The liquid is then compressed in a heat pump which has a heat output great enough to heat the entire building and meet any hot water demand. (Henriksen, 2022)
`Energy piles also provide sustainable cooling. The system in Kollanda will, in warmer weather, will extract heat from the building and inject this heat energy back into the ground. This system uses considerably less electricity than traditional air conditioning systems reducing the building’s carbon footprint. (Henriksen, 2022)
However, it must be noted that further investigation would be required before adopting this technology on the Cardiff site as it needs to be ensured the soil beneath the ground level has the right thermal conductivity properties and that the ground has a good and stable temperature. (Abuel-Naga, Imad, Raouf, & Nasser, 2014) The concrete piles themselves will have a constant thermal conductivity due to them being produced within a controlled environment whereas soil thermal conductivity depends on soil type and moisture levels. The piles themselves will always provide warmth for the heating fluids however soil with a good thermal conductivity will further increase the efficiency of the system. (Henriksen, 2022) Also due to the tubes and heat pumps being within the piles themselves it makes access very difficult if any urgent maintenance is required. 
Figures 14 and 15 below show structural energy piles. 
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Figure 14: Structural pile and PE tubes
Figure 14 shows a structural pile with PE tubes emerging from it which will transport heat from the pile into the building structure. Figure 15 shows the structural aspect of the energy pile itself with reinforcement cage and heat exchanger to provide warmth from the circulating liquid. 

Finally, the design of the building can be made to incorporate phase change materials (PCM) into its fabric. PCMs can have a positive effect on reducing the need for heating and cooling and purchased energy. This technology could result in the building being much more efficient and cost effective to run. 
PCMs are materials with a high latent heat fusion. A PCM absorbs thermal energy and stores it during a solid-to-liquid phase transition. They allow their temperature to be maintained near to melting point. Latent heat storage is useful as it needs a smaller temperature difference between the storage and releasing functions than sensible heat, making PCMs ideal for maintaining temperatures within narrow temperatures ranges. Due to this, materials used for phase change thermal energy storage must have a large latent heat and high thermal conductivity. (Mason, 2018). A way in which phase change materials can be incorporated into the building fabric is by using PCM gypsum boards for the interior walls and ceilings. 
(Heier, Bales, & Martin, 2015) discusses an experiment where gypsum boards were impregnated with 25% PCM and installed in one of two identical rooms. The other room had standard gypsum boards with no PCMs. Both the rooms were heated to 26 degrees and allowed to cool down in an ambient temperature of 12 degrees. It was found that the room with the PCM gypsum boards cooled considerably slower than the room with the standard gypsum boards. This slow cooling is a result of PCMs ability to absorb and store thermal energy therefore keeping rooms heated for longer and reducing the reliability on constant heating. (Heier, Bales, & Martin, 2015)
Another discussed experiment within the same research piece states that a 5mm gypsum board with 60% microencapsulated PCM with a melting temperature of 22 degrees had twice the stored energy compared to a standard board when left in a test chamber which has a varying temperature of between 30 degrees and 15 degrees for 24 hours. They concluded that the PCM board is equal to additional 8cm worth of structural concrete in terms of thermal performance. 
This would be very beneficial for the new Cardiff city centre building as the PCM gypsum boarding could be implemented instead of thickening the buildings concrete frame. This would result in internal space saving allowing for more usable floor space. 

However, it must be noted that even though the PCM has positive results in these research pieces they only used ambient temperatures of 12 and 15 degrees. It would be beneficial if they conducted the tests in various ambient temperatures ranging from very low to high to see if similar results are still achieved. (Heier, Bales, & Martin, 2015)
Even though the findings on PCMs are encouraging they won’t be particularly valuable until its proven that these results can be replicated in various climate settings. This is important as the temperature in Cardiff and the rest of the UK can vary significantly throughout the year especially with the presence of more extreme weather events due to climate change. 
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Figure 15: Structural energy pile (Henriksen, 2022)
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