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The Swansea High Street Engineering Services
Introduction
The Welsh Government is determined to guarantee that a large new tower is built within the city centre, on the site of a dated office/retail facility, as part of the planned redevelopment of a structure on Swansea's High Street. I'll pretend that I'm part of a multi-disciplinary project team entrusted with researching and evaluating the feasibility of building a huge new mixed-use skyscraper on the site of an existing 1970s structure behind the Elysium in Swansea's High Street. With two-story retail units near ground level, the requirement is to construct flexible office space, recreation/leisure, and residential serviced apartments. The structure should have a maximum height of 16 floors above the existing ground level, as well as a four-story basement with building services, three floors of multi-story parking, and a gym/spa. Floors 0 to 6 will be classified as offices, with apartments above that will be available for rent on a flexible, short-term basis to visitors to the city.
I will evaluate options and make appropriate recommendations for the design and construction of Mechanical Ventilation and HVAC technologies, as well as the installation challenges, facing at least two of the different uses that the building is to be divided into, as a multi-zone facility, using neatly annotated sketches and schematics.
I will assess the building's energy use provision, as well as the concepts and implementation of natural, artificial, and emergency lighting and power systems. Also, in the perspective of sustainable futures, low carbon/low energy, and financial (Revenue) cost savings, critically evaluate the building fabric and prospective services equipment choices for both design and installation practise.

Task 1
(Utilising neat suitably annotated sketches and schematics, evaluate options and make appropriate recommendations for the design and construction of Mechanical Ventilation, and HVAC technologies as well as the installation challenges, facing at least two of the different uses that the building is to be divided into, as a multi-zone facility.)
Building ventilation is required to remove 'stale' air and replace it with 'fresh' air. It also helps in the regulation of internal temperatures, the replenishment of oxygen, and the reduction of dampness, smells, bacteria, dust, carbon dioxide, smoke, and other impurities that can accumulate during occupied durations. In every component of the multi-use building, it's critical to promote air movement that improves occupant comfort.

Building ventilation can be classed as either 'natural' or' mechanical.' Fans or other mechanical equipment drive mechanical (or forced) ventilation. Pressure differences between one area of a building and another, or pressure differential between the inside and outside, generate natural ventilation. 
Natural ventilation is frequently preferred over mechanical ventilation because it has cheaper initial, ongoing, and maintenance costs. Natural ventilation, on the other hand, may not be possible in a variety of situations, the structure is too large to ventilate from the outside alone.
If a building is located near to a busy road, for example, local air quality is big a problem. Because of the noise intensity in the area, windows cannot be opened.
The dense urban structure in the area provides wind protection for the building.
In many areas windows may not be opened due to privacy or security concerns, especially in taller buildings where windows are restricted to open a certain amount. The internal partitions layout obstruct airflow. The density of people, equipment, illumination, and other things results in extremely high heat loads or pollutants.

Where mechanical ventilation is necessary, there are a few types to consider.
One is a ‘circulation system’ that provides internal air movement but does not supply fresh air, such as a ceiling fan.
Another is a ‘pressure system’ in which inlet fans blow fresh outside air into the building, resulting in a higher internal pressure than the external air.
A ‘vacuum system’ in which stale inside air is removed from the building by an exhaust fan, resulting in a lower internal pressure than outside air.
A ‘balanced system’ that uses both inflow and extraction fans to keep the inside air pressure close to that of the outside air, preventing air infiltration and draughts.
Local ‘exhaust systems’, such as stove hoods and fume cabinets, extract local sources of heat or pollutants at their source.
Mechanical ventilation is often driven by air handling units (AHU) connected to ductwork within the building that delivers and extracts air from interior rooms in commercial buildings. AHUs typically consist of an insulated box that houses filter racks or chambers, a fan (or blower), and occasionally heating, cooling, sound attenuators, and dampers. Air handling devices may include dehumidification in some situations, such as swimming pools or even gyms.
The need for heating and cooling can be increased by extracting internal air and replacing it with outside air. This can be decreased by recirculating a portion of the internal air with fresh outside air, or by implementing heat recovery ventilation (HRV), which recovers heat from extract air and uses counter-flow heat exchangers to pre-heat incoming fresh air. (Awbi, et al, 2017)
Mechanical ventilation system design is often a specialised task handled by a building services engineer. When mechanical ventilation is integrated with heating, cooling, humidity management, and the interplay with natural ventilation, thermal mass, and solar gain, the situation quickly becomes exceedingly complex. This, together with other factors such as fan noise and the effect of ducting on acoustic isolation, makes it critical that building services are considered from the start of the design process, rather than as an afterthought. 
HVAC systems are the most energy-intensive building energy services, accounting for 10–20 percent of total energy demand in developed countries. As a result, establishing minimum energy efficiency requirements for HVAC systems is critical to the success of building energy codes in promoting energy efficiency. 
Energy usage and greenhouse gas emissions are primarily caused by buildings. Commercial buildings utilise the most energy when compared to other types of buildings, hence they play an important role in attaining sustainable development. HVAC systems, particularly AHUs, use a significant amount of the energy delivered to commercial buildings. The most essential consideration in the conventional supplier selection process was cost. However, environmental considerations have recently become more important in supplier selection. As a result, selecting the most appropriate HVAC-AHU system and its supplier is critical for increasing the energy efficiency of air-conditioned commercial buildings and achieving a high score from the green certification system that evaluates the project. Contractors face a difficult problem in choosing the right HVAC-AHU system and supplier from a variety of options, as their selection is influenced by various compromising and conflicting criteria. (Verhelst, et al, 2017)

Single System
For commercial buildings there are 3 main/practicable types of mechanical HVAC systems:
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Description automatically generated]One of the most popular types of HVAC is the single system, which is both economical and suitable for most small commercial buildings. They're ideal for buildings with small offices, server rooms, stores, or restaurants because they enable for individual room heating and cooling management. They can work together to heat or cool a larger space if there is one. The system will most likely comprise an air conditioner to chill the refrigerant, as well as furnaces and an evaporator coil to convert the refrigerant and distribute the air throughout the building via ducts. A thermostat or control panel will be used to operate the system.
Benefits of this system includes, in most circumstances, the installation is less expensive than installing a central system. And, because each system is self-contained, if one fails, the others continue to work.
On the other hand, the fact that each indoor unit requires an outside unit is a disadvantage of this system. Depending on how many units is needed, this can take up lots of space.








 

Multi Split System
Multi split systems are like single split systems but for one important difference, you can link up to nine indoor units to one outdoor unit. Inverter technology is used in these systems, allowing the compressor to run at different rates. When the compressor in a forced-air HVAC system turns on and off, a significant amount of energy is consumed. As the system detects the proper temperature or the need for a modification, this happens throughout the day. A multi split system saves energy by having sensors that detect slight temperature changes and make small adjustments as needed.
Heat pumps in the system take advantage of heat's natural tendency to flow from heated to cool areas, saving money and energy as compared to typical furnaces and air conditioners.
The advantages of this method include the preservation of outdoor space and the appearance of the structure by using fewer outdoor units. You can also utilise air conditioning units positioned on the wall and ceiling, as well as an air curtain over entries to the building. The disadvantage of this method is that it requires more pipes than single slits, increasing the cost of installation as well as the time required to finish the project.
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VRF/VRV System
VRF (Variable Refrigerant Flow) and VRV (Variable Refrigerant Volume) are two terms that refer to the same commercial HVAC system. When the technology was developed by Daikin, they protected the name. Other companies decided to use a different name as they began to offer similar technology. Both names are now widely considered acceptable.
A VRF/VRV system may be the greatest solution for a construction project if the space is medium to large, such as a mixed-use building, retail or large office space, or hotels. Heat Pump and Heat Recovery are the two types of VRF or VRV systems. A heat pump system can be used to heat or cool a building. This works well in open places.
The system meets the heating and cooling requirements of larger builders. It's also incredibly dependable, efficient, and simple to use. Installation is quick, causing minimal disruption to your everyday work. Heat recovery systems offer a significant degree of versatility. 
Heat recovery systems offer a significant degree of versatility. But the purchase and installation costs are generally higher than for other systems. In larger buildings, a backup condenser may be required in the event the outside unit fails.
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Recommendation
To summarise, my recommendations would be that the best choice for a construction project is a VRF/VRV system, especially since the building is a mixed-use structure with retail, large office space, and a gym/spa. A heat pump system may heat and cool a building at the same time. This will work well because the gym will require regular cooling to maintain a temperature of 20/21 degrees in the gym, while keeping the office and spa areas warm enough during the winter. 
It's also extremely dependable and productive. In comparison to the other options, it is rather straightforward to use. The cost of purchasing and installation is typically higher than for single/multi split systems, but it's worth paying the extra money because the installation is faster than the other options and causes less interruption on the job site. The heat recovery system that is used with this system also helps cut down on bills and CO2 emissions making it a greener method compared to using more energy to make up for lost heat through other methods.




Task 2
(Critically evaluate energy use provision and the principles and the installation of natural, artificial, and emergency lighting and power systems within the building)
Commercial buildings have one of the largest energy demands on the market, but they also waste a lot of energy. Commercial buildings also waste 30% of their energy on average. In the long run, this results to significant costs, decreased efficiency, and a worse return on investment (ROI). Thankfully, there are a few things you can do to reduce energy bills and make your building more energy efficient. 
It is critical to use energy-efficient bulbs and lighting fixtures. While lighting fixtures are necessary for any structure, they also contribute significantly to waste. You may realise that you are paying more for electricity than you expected. Consider replacing incandescent light bulbs with energy-saving LED bulbs and retrofitting the facility with energy-efficient fixtures, whether you are the owner or the building manager. Energy Star rated fluorescent lights are highly recommended since they are more durable and cost 75 percent less to maintain. Using energy-saving bulbs isn't enough; you also need a lighting control system. Installing sensors that turn lights on and off automatically is something I strongly encourage. This is because light sensors are reasonably inexpensive and extremely effective at managing lights and reducing waste. You may save money and enhance your building's energy efficiency by installing and deploying switch plate sensors in key areas.
Natural lighting
[bookmark: _Hlk103695141]One of the most effective strategies to save energy is to use natural light. Daylighting saves power and HVAC (heating, ventilation, and air conditioning) expenses by reducing the quantity of artificial light used. Electrical illumination generates a lot of heat, whereas properly managed natural lighting produces very little heat. Natural light can save up to 75% of the energy used to light buildings while also lowering cooling costs. Lighting has become a focal point for energy-saving technologies in recent years. However, neither building design nor legislation have put enough effort into maximising the use of natural light. An integrated building design strategy is required for good daylighting solutions.
Daylighting design should be integrative, including solutions into the overall concept while satisfying visual, energy, and thermal demands. We should learn how the light influences our perceptions and use this knowledge to building design from the beginning.
Daylighting must be considered from the beginning of the construction process. The most crucial consideration is the building's and glazing's orientation in relation to the solar path. The design of the roof and façade, as well as the selection of glass systems and daylight controls such as blinds and louvres, come next. According to studies, appropriate daylighting reduces the prevalence of headaches, SAD, and eyestrain (Franta et al, 1994). Insufficient light levels are linked to headaches and SAD. When the illumination level is adjusted by applying suitable spectral light, these diseases are lessened. However, eyestrain is the most common health issue in offices (Ott Biolight Systems, Inc. 1997). The spectrum of light present in a workspace and the ability of the eye to refocus are linked to eyestrain. The best spectrum of light for the eye is provided by properly integrating and managing daylighting in an office structure. Natural light has been shown to benefit building occupants' health, productivity, and safety when properly constructed and maintained daylighting systems are in place. Natural light promotes overall health and can even treat some medical conditions. Natural light reduces stress levels in office workers by creating a pleasant workplace. Workers' output rises as their health improves, and businesses benefit financially from increased production. Natural light also helps students perform better. Children in daylit rooms obtain greater test results than students in windowless or poorly lit classes, according to research conducted around the country. (Gago, et al, 2015)
The use of daylighting lowers utility expenditures while also improving tenant well-being. Because studies have shown the tremendous influence light has on individuals in many various contexts, the effects of natural light on building occupants should be an important concern for building design. Building tenants and owners alike can benefit from daylighting.
In some cases, users use more energy for heating than is necessary. Such inefficient practises, whether it's heating water or heating rooms, can significantly increase a building's energy bills. Encourage responsible heating to keep expenses down and boost energy efficiency. The most straightforward method is to install and use thermostats. Thermostats, when used consistently and properly monitored, can reduce heating expenses, and increase savings. Having software and sensors installed to monitor and give back data visualisation reports constantly can be great for monitoring separate parts of the building. Especially where air quality and temperatures require constant regulating. This software allow users can generate easily tailored reports based on pre-defined templates, which allow them to specify graphical parameters. This method enables users with limited knowledge to design or create personalised reports in the form of a huge picture, from which local and personalised saving rules for automatic actions can be created. Most indicators allow the user to determine the present situation of a room quickly and easily, such as whether the light is on and the room is empty, or whether the room is too hot and the air conditioning is turned off, and even factors such as humidity which is highly useful for gyms and spa areas. 
BS 5266 - Emergency Lighting 
Emergency lighting is used in situations where the main power supply has been cut and conventional electrical illumination has failed. A fire or a power outage could cause the loss of mains electricity. Without emergency lighting, occupants may face unexpected darkness and risk, either from physical harm or from fear.
Emergency lighting is commonly required to work entirely automatically and provide adequate illumination to allow all inhabitants to safely exit the premises. Emergency lighting is installed during construction in many new buildings, with the design and type of equipment determined by the architect in compliance with current Building Regulations and any local government regulations. (BS 5266-1, Emergency lighting. Code of practice for the emergency lighting of the premises, n.d.)
Emergency lighting is divided into four categories:
In emergency situations such as a fire or a security crisis, escape route illumination can help reduce fear and highlight evacuation routes and obstructions. It assures that the method of egress from the premises is clearly marked, adequately illuminated, and accessible to the building's occupants.
Lighting for open areas: Anti-panic lighting, as the name implies, ensures that there is enough light for building inhabitants to reach a location where an escape route may be determined. Floor spaces bigger than 60m2 require open area lighting.
High-risk task area lighting: This offers more light to allow potentially dangerous processes to be shut down or stopped before evacuation, such as turning off big machinery equipment.
Stay put/emergency safety lighting: Occupants will be allowed to remain in the building till the emergency lighting lasts less than one hour. They can then be routed or escorted to a low-risk place using the system. It must be obvious how long residents can stay and when the 'stay put' time ends. The plan should also specify what occurs when the emergency period ends and how occupants will be directed to safe zones. (BS 5266-1, Emergency lighting. Code of practice for the emergency lighting of the premises, n.d.)
Smart emergency lighting systems such as “Advanced LuxIntelligent” or even similar products would be my recommendation for incorporating into the project. One emergency light testing panel for any installation. A single panel may support up to 996 devices and can be networked locally with up to 200 panels or remotely with an unlimited number via the Systems wireless or “Cloud” service. 
Current occupational health and safety regulations necessitate the use of emergency lighting. It is a legal duty to demonstrate that you meet the requirements. If restrictions change in the future, these solutions are simply adaptable. This will ensure that no big and costly upgrades are required in the future.





Task 3
(Critically appraise the building fabric and the potential services equipment choices for both the design and installation practice, within the context of sustainable futures, low carbon/low energy and financial (Revenue) cost savings.)
Building Fabric and Services Equipment 
Roofing
Rainwater harvesting (RWH) is the act of collecting and storing rainwater that falls on a catchment surface (usually a roof, but almost any outdoor surface could be suitable) for use as a source of water separate from or in addition to the mains water supply. This reduces demand on the mains supply, provides some resilience against local supply issues, and lowers the amount of energy used in water treatment and transportation. Surface run-off can be collected and diverted as part of a sustainable drainage system to reduce flood risk and control drainage.
Rainwater is a mostly clean source of water that requires just minor treatment through UV filtration. Non-potable uses for collected water include flushing toilets and urinals, supplying washing machines, irrigation systems, vehicle cleaning, and sprinkler systems, among others. It is claimed that this method can replace up to 50% of home and 85% of non-domestic mains water supply (Kingspan Water 2022). So, how much can I save by collecting rainwater? Rainwater replaces approximately 40-50 percent of your mains water usage; thus, a property owner can hope to save approximately 45 percent on their water costs. Which for a commercial building of this size could be a generous saving per year. With a gym and a spa, water bills will be high for showers, pool etc, meaning this could be an ideal way to ensure a greater profit margin over time.
RWH systems range from the simple water butte used to water domestic gardens to schemes like the Millennium Dome in London in 2000, which collected rainwater from the 100,000 sqm roof and filtered it through reed beds in the landscape before returning to the Dome and flushing the 700 toilets. In this case, 'greywater' from sinks were also recycled, and groundwater from beneath the Dome site was used to supplement the water supply. (Rainwater Harvesting for Apartments, 2022)
Walling
As previously stated in ‘Task 2’ allowing natural light to enter the building can save up to 75% of the energy used to light buildings while also lowering cooling costs. The best way to allow light into the building is to have as much glass curtain walling around the exterior of the building as possible, especially in an office setting, because it not only saves energy bills through lighting but also provides workers with a better place to work, gaining mental health and quality of life benefits from the office, compared to an unnaturally lit office.
For the layout of the walling, even having a few curtain walls or larger windows can be greatly beneficial for saving energy on lighting as it will let through more light in through the centre of the building. This would obviously depend on the layout of the floorplan and the need for privacy etc. 
Insulation
Having proper insulation in the walls as well as the ceiling and floors can be very beneficial to saving money, by retaining heat so that energy is not lost through heat loss. There are many insulation materials that are sustainable but not all are suitable for constructions such as this project. Quality and safety need to be paramount when considering the people that will be using the building. Therefore, not only does the insulation material need to be sustainable and locally sourced, but it also needs to be fire resistant. (Schiavoni, et al, 2016)
There are many options when it comes to sustainable insulation, the first being sheep’s wool. It’s as fire-resistant equally at home in a building as it is on a sheep. Wool fibres, when compressed, generate air pockets that contain air, keeping buildings cool in the summer and warm in the winter. The inner layers of the breathable material absorb moisture without becoming soggy or impairing its ability to retain heat. Wool's characteristics eliminate the need to constantly regulate your heating and cooling systems, saving you energy and money.
Aerogel is another possibility. Samuel Stephens Kistler invented aerogel, a substance made up of more than 90% air, in 1931. It is created by extracting the liquid from silica under extreme pressure and heat. Aerogel is available in sheets or as stickers that are easy to implement. The ultralight material may cost quite a bit more than other options, but it will save money on heating and cooling bills.
[bookmark: _Hlk103811603]ThermaCork is a natural, renewable, recyclable, and biodegradable substance manufactured from the outer bark of oak trees. Once manufactured, the finished product has a negative carbon impact. Cork cuts energy consumption and will do so for far longer than most insulating options. It's also hypoallergenic, devoid of household pollutants, and works to muffle noise. (Schiavoni, et al, 2016)
Polystyrene is an example of a plastic. Although plastic is not traditionally considered green, it is in this case since the R-values are so high that it saves a lot of energy. It is available in two forms: foam board which gives a slight structural stability to walls, and spray foam. Spray insulation has a history of rotting timber during it’s life span, weakening the structural integrity of the frame it’s sprayed into, but lately newer types are less corrosive to certain materials. This is something to look at when deciding which material to use. One disadvantage of polystyrene is that it does not help in the event of a fire. It's not technically flammable, but it's also in no way fire resistant.
This insulation is created from recycled newsprint and other forms of paper that would otherwise disintegrate in a landfill, emitting damaging greenhouse gases. If all the paper that is thrown away each year was converted to cellulose insulation, it would save eight million tonnes of CO2. Cellulose is one of the safest varieties to install and is an excellent alternative for individuals trying to reduce emissions over time. But these statistics are based on taking every form of paper from landfill to be reused. But realistically many construction projects won’t use this insulation as it may not meet regulations in every aspect needed.
To conclude and make my recommendation for the insulation, when it comes to insulation, there is no right or wrong answer. Each case is unique, and it's critical to analyse all the details before choosing on the best material for the works. Make a list of the traits you desire most from your insulation and prioritise them. It is best to narrow down several materials that meet the requirements, develop a list of the pros and drawbacks of each option to choose which one is best for the project. But I would have to argue that ‘Rockwool’ insulation must be the best all-round option for insulating this building. Although it can be more expensive than other insulating wools it’s locally sourced thus saving CO2 emissions from transporting the materials. As a company they are also very reliable and are very actively working hard to reduce as much CO2 emissions as possible by 2030. Rockwool’s fire resistance is incredible as it is made from stone. Stone wool insulation is an important component in fire-resistant buildings since its fibres are non-combustible and can withstand temperatures beyond 1,000°C. Other sustainable options for insulation such as sheep’s wool or cork simply cannot match this level of fire safety. (Asdrubali, et al, 2015)
Ceiling Options
One option for ceilings could be mineral fibre panels. It’s a material used to reduce echo and reverberation in a variety of sound-related areas such as offices, classrooms, and music studios. With more open plan designs used in modern architecture than ever before, there is an apparent demand for adequate acoustic qualities in public areas that demand both functionality and appearance.
A mineral fibre ceiling offers other advantages aside from its superior acoustic properties. It offers high-quality energy efficiency by reflecting daylight and combining it with electrical illumination to provide the ideal quantity of light. This not only saves electricity but also generates an area that promotes productivity by providing a visually appealing working environment. It is also a renewable material that may be reused at the end of its life cycle, making it an active participant in natural resource conservation. (Silva A, et al, 2017)
Mineral fibre ceiling tiles are composed of a mixture of naturally occurring, environmentally 'green' materials. These components are treated and recycled in varied amounts depending on the type of tile, whether it be wool, clay, perlite, cellulose, or starch. The chosen components are combined using a water-based procedure before being heated to set and cure to the desired specification. The settled slurry is then finished with a water-based paint and/or laminated scrim to provide an appealing looking finish.
Stretch ceilings have been popular in Europe for quite some time. Their popularity is growing in the United Kingdom as well. Stretch ceilings are increasingly being recommended by designers and architects in the United Kingdom to customers who are renovating their homes or businesses. A stretch ceiling can be put up in a matter of days. It is dependable, low-maintenance, and it is available in a wide variety of finishes.
A stretch ceiling is essentially an elastic canvas. This means it has a wide range of applications. It can house any type of lighting, ventilation, or alarm system. It can also be sculpted into a variety of shapes, including curves, waves, and arches if the architect is so inclined. Insulation can be provided by the air gap between your stretch ceiling and the original ceiling. This can be enhanced by adding more insulation and acoustic materials to the air space. 
Plasterboard, plastered, and suspended ceiling panels are all non-recyclable and contribute to landfill. Stretch ceilings, on the other hand, are completely recyclable. They are lighter than other materials and hence require less fuel and energy to transport. Installation is very straightforward; rooms do not need to be cleared or cleaned up after installation, and stretch ceilings produce zero trash in comparison to other ceiling solutions. Stretch ceilings have a longer shelf life than other types of ceilings. Many come with 10-year or longer product warranties. 
The disadvantage of this method is that the canvas must be protected from sharp objects because it is easily punctured. As is to be expected with a specialised material, the purchase and installation costs can be incredibly expensive.  (Asdrubali F, et al. 2012)
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