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	Document Overview 

	The document’s aim is to provide design recommendations for building services systems to be used in the redevelopment of the building that currently houses the Japanese restaurant New Chi Ban. The recommendations will take into consideration the interior layout of the structure, location, its present and future uses to gain maximal energy performance whilst providing optimal building user comfort.
· Utilising suitably annotated sketches and schematics, evaluate options and make appropriate recommendations for design and construction of mechanical ventilation, and HVAC technologies as well as the installation challenges, facing at least to us of the different uses that the building is to be divided into, as a multi-zone functionality. (Task 1)
· Critically evaluate energy use provision and the principles and the installation of natural, artificial, and emergency lighting and power systems within the building. 
· Critically appraise the building fabric and the protentional services equipment choices 
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[bookmark: _Toc104588114]Introduction

The document aims to provide the client with recommendation on appropriate building services installations regarding the ventilation system required. Ventilation system appropriateness will be discussed in the first section of the document with the various mechanical ventilation systems being dissected and analysed against said consideration to highlight the best suitable choice for the buildings functionality. The key areas of consideration are interior layout, location, use of the premise economic factors. The analysis of the systems will be supported by annotated sketches and schematic drawings that provide to the client a visual explanation of how the ventilation system work. The recommendations in this document will ensure that interior comfort would is ensured to the building user. 

The document will then aim to evaluate energy use provision and the principles and the installation of natural, artificial, and emergency lighting and power systems within the building. This would be done by evaluating the sample lighting layout provide in the design recommendation document. Whilst critically analysing the building fabric and the protentional services equipment choices to provide the client with an in-depth overview on whether the appropriate choice was made, if not what alternative options could be perused instead. The alternative offers will aim to take a sustainable approach to try and increase building longevity and ease of future remodifications.
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Mechanical ventilation systems function by extracting stale air or supplying fresh air into rooms in a house or building. Systems such as mechanical ventilation heat recovery systems extract and supply (BPC, 2022). The use of mechanical ventilation will allow tenant control interior temperature, humidity, and air purity, which is imperative to buildings liveability given the building layout, containing enclosed spaces such as the basement gymnasium. Therefore, to provide adequate air circulation in accordance with BS EN 15780 air would have to be pumped into the required area of the building and the carbon dioxide produces along with other air pollutants be mechanically. 

In review of building regulations, document F of the Welsh building regulations with looks at the installation of ventilation and Welsh Government requirements for a rate of 10 litres of air per second to meet the requirements for respiration and dilution of pollutants in office situations. In smaller commercial buildings and domestic dwelling’s heating is usually handled by a separate heating system as said of buildings don’t have the adequate building fabric to accommodate ducted ventilation systems however, in larger commercial buildings and some residential dwellings incorporating mechanical ventilation system can provide economic benefits it terms of offsetting financial costs and improving the efficiency of the services within usable areas of the building. During the design of the building and its service the said regulations along with their design parameters must be implemented   to ensure building user comfortable and un-interruptive usable space internally accommodating both the working spaces and leisure facilities.

[bookmark: _Toc104588116]Four Mechanical Ventilation system types:  

[bookmark: _Toc104588117]Exhaust Ventilation

Exhaust ventilation systems work by depressurising a structure. The systems extract air from a building, therefore causing a change in pressure that pulls in air from the outside through leaks in the building shell whilst also doing so through intention passive vents. Exhaust ventilation systems are most suitable for cold whether climates, since in warmer climates depressurisation can draw moist air into the walls cavities where it may condense and cause moisture damage. Exhaust ventilation systems are relatively simple and inexpensive to install. Typically, an exhaust ventilation consists of a single fan connected to a centrally located, single exhaust point in a building. By connecting the fan ducts from several rooms, preferably rooms where pollutants and higher carbon dioxide are present, such as the gymnasium, bathrooms and kitchen would provide a more efficient design. Adjustable passive vents through windows or walls can be installed in other rooms to allow the provision of fresh air rather than rely on leaks in the building envelope. 

However, there are several drawbacks to exhaust ventilation system like as well as fresh air the vents within the system also draw in other external pollutants which may have negative implication to building user health because tenants are then exposed to allergens such as pollen as 33% of the overall population are considered to have an allergy and 26% of the population are allergic to pollen thus, reducing interaction with said allergens is important in the building. Other pollutants can include radon, black mould, fumes. Exhaust ventilation system can also contribute to higher heating and cooling cost compared with energy recovery ventilations systems which is very important consideration for the client given the current economic crisis and rising energy costs.

[bookmark: _Toc104587942]Figure A Exhaust Ventilation system
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[bookmark: _Toc104588118]Supply ventilation 
Supply ventilation systems use a fan to pressurise a structure, forcing outside air into the building while air leaks out through holes in the building shell, bathroom, and range fan ducts as well as the intentional vents. Supply systems are very similar to that of exhaust systems because they are relatively simple and inexpensive to install. However, those are the only benefits that the system would provide because with systems like the exhaust ventilation and supply ventilations they both still allows for leaks where pollutants can enter the building therefore, allowing for full control of building air quality. Also, internal humidity levels would unpredictably be higher as the levels of interior humidity in areas of the building like the kitchen, gymnasium and bathrooms as air temperature cannot be manipulated directly to control humidity because of the constant change in hot and cold air which would cause for condensation. Furthermore, a supply ventilation systems inability to control or remove moisture from the internal air before it enters the building. Thus, may also contribute to higher internal humidity and like with exhaust system high heating and cooling costs compare to an energy recovery system.

[bookmark: _Toc104587943]Figure B Supply Ventilation system
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[bookmark: _Toc104588119]Balanced Ventilation
Balanced ventilation systems unlike the other two systems previously mentioned work by not depressurising the building but by applying and exhausting approximately equal amounts of fresh outside air and polluted inside air. Balanced ventilation system consists of two fans and two duct systems. Fresh air supply and extraction vents can be fitted in every area of the building, however a most common balanced ventilation systems are designed to supply fresh air to bedrooms and living rooms where occupants spend most their time. It also extracts air from rooms where moisture and pollutants are most often generated, such as the kitchen, bathrooms, and the laundry room. Some designs for balanced ventilation systems use a single point extraction unit and because they directly supply outside air, balanced system allow for filters to be fitted within the system to remove pollutants from the outside air before being introduced into the building. All though the system boasts many benefits it still does not allow for control of air temperature and the removal of moisture from the make-up air before it fed into the building. Therefore, it contributes to the negative factors from the previously motioned systems which if implemented could have a negative effect on the interior comfort of the building therefore any potential tenants of the building.


[bookmark: _Toc104587944]Figure C Balance ventilation System
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Energy recovery systems work by providing a controlled way of ventilating building while minimising energy loss. The systems reduce the costs of heating and ventilation of air in the winter by transferring the heat from the warm inside exhaust air to the fresh cold outside air that is supplied to the building. The system should be located in the roofing space of the building or plant room. An energy recovery system (heat recovery system) is beneficial because everyone wants their dwellings and buildings to be as airtight as possible to get the maximal performance on their heating. However, this usually results in poor air quality due to the lack in natural ventilation and this lack in ventilation can lead to increase in the effects of asthma and other respiratory problems. Bad in-door air quality can also lead to structural damage and defects such as mould, condensation and the build-up of toxic gases. However, the installation of a heat recovery system moist, stale air from the bathroom and kitchens and gymnasium and replace it with clean filtered, fresh warm air. This therefore ensure that internal comfort is at an optimum as the system removes all air pollutants and eliminating the risk of mould and condensation.

In order to ensure long term sustainability heat recovery filters are crucial to long term performance of the system because the filters help maintain airflow rates in accordance with building regulations as well as the heat exchanger efficiency by up to 95%.

It would be prudent that the client installs a heat recovery system as it enables multi zone air conditioning through the various duct networks that can be installed within the building. Which mean that the client would only have to install one system to service the whole building, Use of a HVAC system will help the tenants control internal temperatures, humidity and purity of the air which is important in closed space such as the basement gymnasium where natural air ventilation systems cannot be applicable. The implementation of HVAC will allow the tenants to set and control the buildings comfort level and use it to bolster productivity in the winter months. As thermal comfort can be defined as the state of mind in which satisfaction is expressed with the thermal environment ( (CIBSE, 2021). The system should be roof mounted to minimise loss of valuable interior floor space that can could provide potential rental income for the stakeholder.
Although the system provides many benefits there are serval draw backs the client should be aware of when heat recovery systems are employed. one is that the heat-recovery unit may change the indoor moisture level when the condensation and evaporation occurs inside the rotary heat wheel. It should be especially considered in the in sports facilities where the moisture is critical for instance indoor pools and gymnasiums. In addition, icing and frosting may occur inside the heat-recovery units in cold climates. Frost control and defrost strategies should be added to maintenance list to ensure the performance of the heat exchangers. The emerging membrane energy exchanger could be an alternative solution to the icing and frosting problem (Cao, 2020). It would be advised that the systems pipe work the is located in the exterior of the building be insulated to maintain maximum heat transfer during the winter months.

[bookmark: _Toc104588121]Energy usage 
Electrical energy is defined as the of energy that is formed through the movement of the electrons from one point to another such type of energy is called electrical energy (Electrical technology, 2021). Given the location of the site it would be advised that client acquire two wind turbines and roof mounted solar panels to provide power to the building. 

Each turbine consists of a set of blades, a box beside called a nacelle and a shaft. The breeze from the wind then propels the blades creating kinetic energy. The rotating blades then turn the shaft and generator in the nacelle, converting the kinetic energy into electricity. Which is then fed to a transformer to increase the voltage to be used in the properties.  

Wind turbines can operate in very light winds or very strong wind speeds. Electricity is generated 80% of the time (National Grid Group PLC, 2021). However, the power generated is not always full capacity therefore will require a backup source which potentially could be provided by solar panels or the national grid.

This would be of great benefit to the project as the given site is north facing and thus the installation of the turbine would have to be south to benefit from south facing wind in coming from the Swansea Bay. This is because the wind turbines need to need to be located at the windiest point on the sight maximise energy productivity (Moses, 2020).
[bookmark: _Toc104588122]Photovoltaic panels
Solar panels as an electricity system are also known as photovoltaics (PV), capture the energy from the sun using photovoltaic cells which are solid state components which directly covert solar energy to electricity without requiring the use of fuels, moving parts and causing pollution. These cells can generate electricity on an overcast day, not relying on direct sun light to function. Solar being a renewable source of energy means that we can diminish reliance on national grid power supply and reduce the structures carbon footprint. Furthermore, with by adopting a blended approach to powering the building we can ensure that the is a constant power supply being fed to the building, whilst achieving BREEM excellent standards and installation cost can also be mitigated by their low maintenance cost solar energy systems only require cleaning twice a year. The systems can be installed onto the conventional structure or be integrated within a structural component in the building envelop such as the roof, façade, standing seam products, shingles and tiles which skylight is a semi-transparent roof-integrated module, the shingle is continuous roof-integrated opaque BIPV module, and the tile is a roof-integrated BIPV module similar to roof tiles. Facade integrated systems are divided into glazing’s, spandrel panels, and curtainwall products but façade systems may take away from the buildings aesthetic. Glazing is a semi- transparent facade integrated module that daylight can come inside the building. Spandrel panel is facade integrated BIPV system that provides noise protection. Curtain wall product is facade integrated BIPV panels that equilibrate daylighting and shading occurrence.
For efficiency the solar panels would have to be fitted south facing, as this means they will be facing the sun for most of the day because north facing solar panels are less efficiently due to UK climate. It is also imperative that they are fitted at the optimal angle of tilt as in the UK the sun is higher in the sky in the summer and lower in the winter therefore if the panels are in the position of the sun at midday in midsummer, they’ll maximise efficiency during summer, however, lose out during the winter. In the UK panels that are tilted at 15 degrees or more benefit of being cleaned by the rainfall ensuring maximal cost effectiveness and performance. 

The integration of renewable energy sources imposes more uncertainty on the energy system as they are affected by diurnal and seasonal variations. Therefore, it is an undeniable need to use energy storage systems along with the renewable energy source in order to balance their effects and maximises the efficiency of energy systems. energy storage systems are able to provide flexibility for managing generation of energy and demand at the building level and also might participate at the network level for increasing the integration of renewable energy and deferring investment for upgrading the infrastructures. 






[bookmark: _Toc104588123]Lighting solutions 

This section aims to provide the client with the most efficient lighting solutions in accordance with the advised energy system. Lighting accounts for a significant portion of the energy usage in commercial and residential buildings. Furthermore, heat generated by lighting contributes to additional thermal loads that need to be removed by the buildings ventilation systems (Krarti, 2017) therefore, highlighting the importance for an energy efficient lighting system.

For said project the aim is to achieve a high level of BREEM excellency, therefore, energy efficient building service solutions need to be implicated. Taking this objective into consideration the lighting solutions are an important focal point as light bulbs that are left on cost building operator an average of £800 more on their energy bill each year (). Therefore, the use of Passive Infrared Sensors (PIR) will be a sensible approach to cutting electricity wasted by lighting spaces. Reducing the carbon emissions created by powering generated to light the buildings, as lighting left on in buildings creates 37,440,000kg of carbon dioxide in greenhouse gas emissions every year in the UK, or the equivalent of 62 flights round the world (Utility , 2018). 

Furthermore, the use of PIR lighting systems provides maximal energy usage as PIR systems mean that lights are not always left on therefore not draining the battery’s used to store energy produced by the solar panels and wind turbine resulting in a cost and energy efficient lighting system. The option to use PIR systems takes into further consideration that the site will compromise of student accommodation rooms as part of the residential quarters of the building. Student accommodations are high energy consumption environments as students tend to be forgetful and leave lights on.

[bookmark: _Toc104588124]Natural lighting 

The provision of natural lighting can be defined as the supply of light generated naturally, with the sun being the common sources of light being the sun (Plummer, 2009). The use of natural light also supports the argument for environmental and long-term financial imperatives to drive the consideration because a poorly lit environment can come across in hospitable. Furthermore, the sustainability of led by a drive to improve the environment has paved the way for increased use in natural illumination. 

However, exposure to the sun’s light can also have deleterious effects, both in health terms (principally due to the ultra-violet (UV) component) and in ‘ageing’ materials. Overall, though, daylight is undoubtedly beneficial. Unfortunately, it is only available for limited periods and, in the core of buildings, sometimes never available due to building orientations. A study conducted by Cornell University show that common office related ailment like eye strain, headaches, and blurred vision are reduced by 84% with the introduction of controlled daylight into a workspace (Hedge, 2018). Thus, it’s important that the amount of natural light being allowed in to a space be regulated through the use of vertical blinds because they allow for light intake to be moderated.

Therefore, natural light provision should be made through installation of large 1800mmx1200mm aluminium frames windows with argon filled triple glazed windows. The large windows will allow for light to flood in the building from the south and north, which benefit the tenants because exposure to natural daylight is essential regulation of circadian system also known as the body clock which encourage tenants to maximise productivity. 


[bookmark: _Toc104588125]Artificial lighting 

In areas of the building where natural lighting is not easily accessible the use of artificial lighting would be required to ensure that the spaces are well lit and safe for human use. Also, artificial lighting will be used to support the natural light provisions as on said days of the year there maybe insouciant natural lighting due to local weather conditions. Furthermore, by using a hybrid lighting system the artificial light would be able to supplement the natural light to reach the minimum required level of interior illumination and offers the opportunity to offset energy costs as the artificial lighting use can be used only to support natural light in the office spaces, however, in the basement it is imperative that artificial lighting be put in place (Dwyer & Vanegas, 2015).

Hence a lighting layout plan for the basement car park and gymnasium space has been produced to provide a high level of visibility. The chosen illumination levels aim to provide stakeholders with confidence and feeling of safety and security. With the ideal lighting being positioned over and between parked cars to eliminate potential hiding places (Made in Britain , 2021). The basement will provide parking for 60 cars and the lighting arrangement calculations that have been made to provide optimal light within the space making for a more user-friendly experience. 

Although it would be hard to provide the basement car park with natural lighting the use of vertical lighting tubes that work using a hybrid lighting system which use light pipes to collect sunlight during the day through a clear dome, directing at a mirror-finished aluminium tube and distributing it evenly through a ceiling diffuser. This is then then coupled with a wirelessly controlled, colour adaptive LED lighting system, using an intelligent lighting monitoring system. This type of hybrid system can substantially increase the real product life of the active light systems and reduce energy consumption. Compared to a totally active lighting system, there will, of course, be additional builders’ work and installation costs. Installation of said tubes would have to be done along the perimeter of the gymnasiums as it is thought to be the best position to access natural lighting with direct consideration to the building above.  
[bookmark: _Toc104588126]Emergency lighting 
Emergency lighting plays a critical role in ensuring building user safety, particularly in evacuations. They are designed to provide prompt, automatic lighting in emergency situation where the main gird power supply maybe cut and the buildings main lighting system may fail. Emergency lighting acts as a lifeline in hazardous situations the lighting systems can reduce panic, delivering essential illumination and guiding the occupants towards building exits points. 

There are many circumstances in which the activation of emergency lighting becomes necessary, including mains power failure, evacuations or hazards where reduced visibility requires additional lighting sources. The selection of the right emergency lighting systems is dependent on the primary purpose, taking into consideration whether it maybe emergency exit lighting, escape route lighting, standby light, anti-panic lighting which is used in open areas or a combination of the listed lighting systems throughout the building. The emergency lighting systems can be further categorised into their battery technology category. the two categories are self-contained or central battery systems.

Self-contained emergency lighting products contain their own power supply. Self-contained emergency lighting products are easy and fast to install, and the system can easily be with additional luminaires.

Central battery systems have a central power supply source that supplies the individual emergency lighting products via cabling. Central battery systems are easy to maintain and have a long battery life. This system would be most suitable for the proposed structure as it offers easy maintenance and long battery life which both contribute to the buildings sustainability as it means that the system Is less like to be defiant because it is regularly maintained ensuring building user safety.

There are two further sub-categories that can define emergency lighting systems which refer to the modes of operation. These are maintained and non-maintained.
[bookmark: _Toc104588127]Maintained
Maintained refers to an emergency luminaire is on at all time, in general use as part of the general lighting system and during emergency with power back-up. Typically, maintained emergency luminaire systems are used in public spaces and in leisure facilities.
[bookmark: _Toc104588128]Non-maintained 
Non-maintained luminaire only come on when the power supplies the normal lighting system fails. Usually, non-maintained luminaires are used in buildings which the general lighting is turned system are turned on at all time when the building are occupied. Thus, the system would be best suited to be installed in the basement gymnasium and car parks and above ground office spaces as they are likely to be occupied at all times of the day.

Other considerations also apply when selecting emergency lighting within mixed use commercial building. The four other considerations are building user profile, building type and usage, building scale and complexity, life cycle consideration. The consideration building user profile aims to look at the wide variety of building users and important risk factors that may affect the ease of said process like evacuation of users including age, health, well-being, lifestyle and familiarity to the building. The factors help determine the best solution, thus for the given project the average age of the building user would be 18 and over, any users under 18 should be accompanied by an adult and supervised at all time. The majority type of individuals using the building would office professionals therefor they would be expected to have a basic level fire safety education.

The building type refers to how safely tasks can be stopped by the people within a building impacted by a reduction in illuminance is a key factor in emergency lighting system design.  The proposed building is a mixed use commercial residential building that incorporates leisure facilities thus, time delay provisions should be given for those in the leisure facilities and car park as those in the leisure facilities may need to dismount from equipment such as trampolines and people may need to exit their cars
[bookmark: _Toc104588129]Building Appraisal 
The adequate building fabric has not yet been proposed for the given building within this report because the report only explores the appropriateness of building services to be installed with the building. In the previous report the elements of the building fabric were detailed and discussed with clear indications to the construction techniques involved in erecting the structure with the given site. Considerations to the services equipment choice have been specified within the document for the building. Also detailed within this document are a number of these chosen services which are widely viewed as not beneficial to the building, in this section they will be critically appraised. 
In regards to renewable energies for the building it has been specified to use photovoltaic panels and transparent solar glass to help with the provision of a renewable source of energy within the building services promoting sustainability and offsetting the carbon emissions. On the whole It would be prudent to believe that adding renewable sources of energy is crucial in providing a modern building that in keeps with BREEAM schemes and PAS35. However, it is clear that wind turbines would not be workable for this building due to the height of the building in relation to the turbine’s structural safety during extreme storms, and other weather conditions that may affect the region in during the winter months of the year. Although, through the correct design placement of windows which containing solar glass as well as the efficient use of photovoltaic panels within the roof space of the building a sufficient stream of renewable energy can be produce to either be used within the building or to be fed back into the main power network both of which are sustainable. As they produce little to no carbon and result in the long-term financial gain for the occupants. In regards to sustainable futures it can be ensured that the window units around the building which are not fitted with solar glass have the ability to be removed and replaced with no difficulty for maintenance and also for further transparent solar glazed units can be installed in the future. 
Given the uses of the building when finished it was advised that a HVAC system be installed to provide circulation of clean air around the building. Use of a HVAC system will help the client control the indoor air temperature, humidity and purity which is important in closed space such as the basement gymnasium where natural air ventilation systems cannot be applicable. The implication of HVAC will allow the stakeholders to control the buildings comfort level and use it bolster productivity in the winter months. As thermal comfort can be defined as the state of mind in which satisfaction is expressed with the thermal environment  (CIBSE, 2021). The system should be roof mounted to minimise loss of valuable interior floor space that can could provide potential rental income for the stakeholder. The use of a HVAC or energy recovery system within the building will provide financial benefits as the building would require less energy to be heated during winter months where most building are heavily reliant on central heating system which do not offer the continuous circulation of recycled air. 

Furthermore to ensure that the finished structure adheres to building regulation approved document M and complies with Swansea Council Local Development Plan (LDP) which requires new developments to provide opportunities for all because, Section 1.10 of the document state that a passenger lift is the most convenient way for many to move up one storey to another and then goes on to state that where a lift is provided it should be suitable for wheelchair use making it key part in the buildings design if it’s to become a community hub or be accessible to all users. It was recommended that an 8–16-person elevator with 400kg loading capacity and a minimum door opening of 1500mm, be included in the finished building to provide adequate wheelchair access as it opens the client/ stakeholder to a wider range of rental clients as all demographics are accounted for in the design (UK Government, 2015). This means that the finished structure would allow access for all type of individuals and is safe for use as emergency access of the less abled body is incorporated within the buildings design. 

Lift installation considerations were; door detection systems must be included to reduce the risk of the door sticking whilst passengers are entering or exiting the car. The lift should also incorporate a car-door locking system that aims to prevent the car door from being opened from the inside when it is not near the desired floor, this is to prevent entrapped passenger’s from accidentally falling into the lift shaft (KONE, 2014). The lighting in the lift should be at a maximum illumination intensity of 100lux to comply with EN 81-20:2014.
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