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Section 1 Introduction

This report aims to provide all relevant information and reasoning behind our specified services in relation to the tasks being asked of us. This report is providing in-depth details of the proposed 16-story multi use building whilst targeting the main relevant concerns raised by the City Council’s Conservation Team, Cadw and other various lobbyists. 

The proposal itself is for a new central city multi-use tower built on the site of an existing 1970’s dated office/retail structure which is situated between Westgate street and St Mary’s Street both of which are high traffic prominent streets within Cardiff city centre. The existing structure is a concrete framed building with an external spa dash render finish surrounding the rows of protruding windows bays serving the existing office spaces, this follows the same trend on all exposed elevations making for a very poor example of relatively modern architectural characteristics with no thought to the existing street scope or to the architectural traditions followed throughout Cardiff itself. 

The site boundary is marked in red around the satellite picture set out in the appendix as well as other contributing documentation, not all the designs parameters/space use provisions have been fully worked out at this early stage resulting in some of the proposed details being slightly vague, our assumptions will be noted in our details. 

The proposed structure is set to contain flexible office accommodation, recreation/leisure and residential serviced apartments with a two-story retail unit near ground level; the building is set to have a maximum height of 16-storeys above the existing ground level with a 4-storey deep basement housing the bulk of the building services, the multi-story parking and the gymnasium/spa area. From floors 0-6 there will be the retail areas and office accommodations with the above floors housing the serviced apartments. 

Our overall aim for the proposed structure is for it to be a testament to modern building construction and architectural technologies/methodologies whilst detailing the most efficient and logical implementation of services within the building to best suits the multi-zone facility. 




Section 2 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.  
1.1 What is Mechanical Ventilation and HVAC Technologies?
[image: ]Ventilation is essential in every building and is sub-divided into two forms which include natural and mechanical ventilation, natural ventilation relies on naturally occurring pressure differences to create air movement whereas mechanical ventilation uses fans and ductwork to forcefully remove or deliver the required volume of air. When looking at the potential different subframes for mechanical ventilation it can be summarised into 4 prominent types; these include exhaust ventilation, supply ventilation, balanced ventilation and energy recovery ventilation. An exhaust system works by removing air from a building, potentially due to it being contaminated, and exhausting it to the outside resulting in a negative pressure internally within the building which drives outside air into the building using passive vents, supply ventilation works in the same way except air is forced into the building creating a positive internal pressure which forces the internal air out of the passive vents. A balanced ventilation type works by combining these two systems in harmony to create a continuous flow of air through a structure which combined with HVAC can create a very efficient building, this form of ventilation is what we propose to use in our proposed structure as you can efficiently control the flow of air and, more importantly, localise where different HVAC technologies will be required to remove different types of contaminates form the air. An energy recovery system is more simply a heat recovery system which are becoming more common in modern domestic highly insulated and air tight property’s, this form of ventilation is not ideal for this size building due to the high rate of air leakage and the lower thermal retention properties coupled with the large internal spaces not making this type very efficient for this particular project. HH
[image: ]








[image: ]










Mechanical ventilation within larger buildings, like our proposed structure, is usually handled by an array of air handling units (AHU) which are linked throughout the building using ductwork, the typical use of these is to remove ‘contaminated’ air from an area and usually replace it with fresh air, this is essential for buildings that have underground spaces or areas which produce pollutants to the sounding air, like car parks. Contaminated air can include a number of different pollutants that are not good for the buildings and/or the buildings user’s; these can include moisture, fumes, smoke and/or bad odours. As mechanical ventilation removes the internal air and replaces it with external air you cannot guarantee the air your replacing it with is completely clean nor can you accurately ensure its temperature is meeting the required comfort levels within the building and its multiple zones which may require different temperatures, this is where you can add filtration, heating, cooling and humidity control which are all referred to has HVAC (Heating, ventilation and Air Conditioning). Mechanical ventilation can quite easily cause more problems than solutions for a building when HVAC isn’t combined with the system due to the already mentioned reasons of not being able to control the temperature of humidity of the air being supplied into the building
 When looking at building regulations, document F of the Welsh building regulations covers ventilation and states a requirement for a rate of 10 litres of air per second to meet the requirements for respiration and dilution of pollutants in office situations. For smaller commercial buildings and domestic property’s heating is usually handled by a separate heating system as these types of buildings done have the infrastructure for ducted ventilation systems however, for larger commercial and some domestic buildings incorporating HVAC into the mechanical ventilation system can save some potential financial costs and make more efficient use of services spaces within the usable areas of the building. During the actual design of the building and its service runs these regulations along with their design parameters must be analysed and implemented to ensure a comfortable and un-interruptive usable space internally accommodating both the building workers and short-term users.
1.2 Why and How it is Implemented into Buildings
In the above description we have already briefly summarised why ventilation and its subdiscipline of HVAC are implemented into buildings however, we will go into more detail as to why it is a requirement as well as the ways it can be implemented into a building efficiently. For a multi-zone commercial building like this proposed development ventilation is key in providing a comfortable and workable space for the building users as well as ensuring any ‘contaminated’ air doesn’t cause damage to the building structure or affect a user’s health, this has become a lot more recognised not only by professionals in the industry but more so by the general public since the COVID 19 pandemic. When looking at the Welsh building regulations they state that it is a requirement for adequate means of ventilation to be provided for the people in the building, this requirement is only for the indoor spaces that are generally used frequently which can exclude storage rooms and/or some plant rooms. Within document F it has a brief description of the purpose of ventilation as well as lists a number of uses ventilation can provide in order to meet the performance requirements set out in the document, the description of the purpose of ventilation states:
4.6 Ventilation is simply the removal of ‘stale’ indoor air from a building and its replacement with ‘fresh’ outside air. It is assumed within the Approved Document that the outside air is of reasonable quality. 
4.7 Ventilation is required for one or more of the following purposes: 
0. (a)  provision of outside air for breathing; 
1. (b)  dilution and removal of airborne pollutants, including odours; 
2. (c)  control of excess humidity (arising from water vapour in the indoor air); 
3. (d)  provision of air for fuel-burning appliances (which is covered under Part J of the Building Regulations). 









Following on from that we are including the list of uses ventilation can provide within a building as listed by the Welsh building regulations, these include:
4.3 In general terms, the requirement may be achieved by providing a ventilation system which: 
0. (a)  extracts, before it is generally widespread, water vapour from areas where it is produced in significant quantities (e.g. kitchens, utility rooms and bathrooms); 
1. (b)  extracts, before they are generally widespread, pollutants which are
a hazard to health from areas where they are produced in significant quantities (e.g. rooms containing processes or activities which generate harmful contaminants); 
2. (c)  rapidly dilutes, when necessary, pollutants and water vapour produced in habitable rooms, occupiable rooms and sanitary accommodation; 
3. (d)  makes available over long periods a minimum supply of outdoor air for occupants and disperses, where necessary, residual pollutants and
water vapour. Such ventilation should minimise draughts and, where necessary, should be reasonably secure and provide protection against rain penetration; 
4. (e)  is designed, installed and commissioned to perform in a way which is not detrimental to the health of the people in the building; and 
5. (f)  is installed to facilitate maintenance where necessary. 
As summarised above there are a number of reasons why ventilation and its subdiscipline of HVAC are not only required in a building but are also of great value to the building and its users. When looking at the actual health of occupants within the building however this can relate directly to the quality of the ventilation system installed within a building as well as the buildings overall design, there are actually two definable illnesses that a building user can suffer as a result of poor ventilation or design, these are sick building syndrome (SBS) and building-related illnesses (BRI). SBS is diagnosed when the affected building users’ symptoms disappear once they leave the building whereas BRI is a diagnosable illness that can be attributed to a defined indoor air-quality problem, this could include Legionnaires’ disease. Both of these will have a direct corelation with the ventilation and appropriate HVAC system implemented into a building further proving why mechanical ventilation and HVAC is so crucial within a building like this. 
Following on from that we are going to evaluate how these different systems can be implemented into potential different use spaces within a multi zone building and then implement these findings into the next section which will directly apply to the proposed building and some of its internal proposed spaces. It must be noted that the actual configuration and specification of these mechanical ventilated systems combined with HVAC technologies are usually carried out by a specialist contractor. 


The integration of services, more specifically ventilation, is of great importance as it ensures the effective utilisation of space is made so that more of the building can be used as usable space ultimately increasing the buildings overall function and rateable revenue. When looking at the implementation of services there are two distinct elements that need to be addressed; these include the design which ensures the services installation performs to the user requirements, this will be largely specified by the specialist contractors, and the planning of the services which ensures the system will fit into the building efficiently. For this proposed building we have designed it using core structures which naturally provide service spaces without encroaching into the useable spaces, this was planned in the early stages of this project. 
Service integration can be achieved in two ways, built into the structure and/or fitted non-structurally through suspended floors and ceilings. For this specific building we have specified to use a core structure which means we can run the ducting and the subsequent other services within these cores as we have already mentioned, as these ducting runs and other services will need to branch off into the different zones within the buildings they will need to pass through that core at different stages making that part a structural integration of services, we have provided some basic drawings of how we can achieve this with the least amount of disruption possible to the core structure. 
[bookmark: _GoBack]When analysing how the ventilation and ducting will be fitted within the zones themselves we believe a non-structural method will be most appropriate as this allows for potential flexibility in the future if certain zones were to change their intended uses and require different ventilation types, this method also allows easy access for regular servicing and maintenance to ensure the building and its users maintain the levels of comfort we aim to achieve. This aesthetic appearance of having the ducting and vents either fixed to the ceiling or to the floor is usually covered over with suspended ceilings or raised floors as it is seen to be a vulgar look however, because of our criteria to produce a modern significant building we aim to design some areas to have the ducting on show giving a contemporary industrial appearance as long as the actual ducting runs are carefully and well displayed which can drive the overall installation costs, this however can save on potential finishes costs and allow for much easier access to the ducting and vents when time for maintenance comes. Designed within the building will be multiple plant rooms where the relevant ducting can run to and from which will house the subsequent controls to the whole ventilation and service system. 







1.3 Implementation into Specified Zones Internally
When looking at the implementation of mechanical ventilation and HVAC into specific zones within a building we first have to analyse what the different zone requirements are. As part of the underground structure there is proposed to be a 3 stories of car parking, because this area is underground there is no easy way to install passive natural ventilation so continuous mechanical balanced ventilation must be provided along with low levels of heating as the structure is underground and will not benefit from solar gain, these levels of heating can be minimal only providing what’s necessary for the structure as this area will not be habited by users for long periods of time as they are only parking their cars and walking elsewhere, by having slightly higher temperatures will aid in minimising the amount of moisture condensing at cold spots as warmer air can hold more moisture. We will also need to provide within the mechanical ventilation  system an exhaust to remove car fumes from this area as cars can produce low levels of carbon monoxide, which can be fatal, and high levels of carbon dioxide which can give people headaches and make them feel nauseous, this is vital that it is removed from the underground area and it must be ensured that these gases cannot escape to other areas internally within the structure. The final contaminate we must remove is moisture, due to this area being underground it will experience high levels of moisture as a result of the enclosed earth surrounding and the relatively low temperature levels, this is crucial for the buildings health, users health and to the cars as well as high moisture can promote faster corrosion to metal surfaces. The best way to duct these vents will be to the undersides of the ceilings where the fumes can rise into, this also allows for easier identification of problems and allows easier access for maintenance/servicing. 
Another area within the basement will be the gymnasium/spa area, when compared to the parking this area will experience a lot more users at a longer period of time making the need for appropriate comfort levels higher, you can argue that the users will only being in these zones for 1-2 hours when compared to the flats or retails areas where people may be in there for 8 hours plus. Even so this area will require appropriate comfort levels for the building users and require the necessary ventilation to ensure the building remains healthy in this area. Because these areas are usable spaces heating and climate control is a necessity with full control being provided to these areas due to their nature, the spa area by nature has to provide a relaxing space so it is even more crucial people feel comfortable. These areas will also require the removal of moisture as this is part of the underground space and because these areas will contain more moisture than other usable areas due to people working out producing more water vapour and the potential for hot tubs and/or steam room/sauna in the spa all producing high amounts of moisture. Wen specifically thinking about these high moisture rooms we can install smaller ducting runs specifically for these areas which can be linked to humidity sensors which control the speed of the ventilation depending on the moisture content adjacent to these rooms; this can also relate to the gym area where the air conditioning system can be linked to motion sensors and timed switches so the system can be utilised in the most efficient manner reducing the overall environmental footprint of the building. Other contaminates which have to be removed will include bad odours however this can be included in the removal of moisture as this system will exhaust to the external environment. The ducting and vents will be arranged in a similar manner to the underside of the ceiling. 


Section 3 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. 
One of our criteria for this project is to create a modern building that is a testament to modern architecture and construction techniques which is designed in such a way that it considers whole-life implications into the building structure and services. Following on from this one of the most topical and pressing current issues is global warming and the subsequent use of energy, within this section we will be detailing our findings and decisions which relate to the energy use within the building and what we have incorporated to in trying to achieve a carbon natural status. In striving to meet this target we have specified the use of photovoltaic panels along with some wind turbines to the roof space, as Cardiff is sat on the sea side high winds are common throughout which should be utilised by wind turbines. When looking at PV panels we could also specify transparent solar panels to be fitted in the multitude of glass the proposed project will have, this can either work simultaneously with the traditional PV panels on the roof or be used solely freeing up space on the roof. Due to their appearance and the already large nature of this structure we cannot fit large turbines to the roof, this means the energy produced by the wind turbines will be too small to power anything effectively within the building, we propose for the produce electricity to be fed back into the mains. This is also the case for the PV panels as the roof can’t hold a great number of panels nor does Wales have the best record for sunny days. 
Within a building of this nature the use of lifts, escalators and stairs are crucial in providing  fully accessible areas to all the buildings users whist remaining space efficient, as the building is 16 story’s above ground not many of the building’s users using the upper floors will be using the stairs, due to fire safety they will have to be implemented anyway within the core structure to provide fire protection. When comparing escalators and lifts you will find that escalators are substantially more energy efficient when compared to a lift, they can also allow for a much greater flow of people. The obvious downside to escalators however is that thy can only stretch a certain height which is limited to the amount of horizontal room you have. Because of the substantial difference in energy usage we specified the use of escalators to the first floor in the basement which serves the gym and spa, and to the first 2 floors above ground which are used as retail units; we chose these areas as these will be the areas that experience the highest volume of people. For the lower basement areas and upper floors to the above ground structure we propose to use lifts accompanied by stair wells, some of the lifts and all of the stairs well will be installed in the cores of the buildings structure as they provide a natural protected well for fire egress and allow for the maximum use of space in the usable areas. 





When looking at the specified zones within the building and how power systems can be incorporated, we must ensure we accommodate for all the proposed uses within that area but also provide relatively simple access to change some of the power system to accommodate potential zone use changes in the future. When looking at the car parking areas to the basement we do not need to provide any standard power outlets to this area as they are not needed, we do however need to install the correct power lines and charging stations for electric cars whilst also making it possible to add further charging points in the future as more people buy electric cars. Moving on to the gym area, retail and offices areas, these spaces are usually uninterrupted large open spaces which require standard power outlets for people to use, because of this open space we aim to install floor boxes which contain the relevant sockets as this allows for a wide range of access throughout the area. These raised floors are set out in grids which contain special fixings below to allow the grinds to be interchanged providing a very flexible area.  In the retail units themselves they are usually more compact and have more wall space, these areas as well as the residential living space to the upper floors are where standard wall sockets can be fitted. Depending on the space usage high level power outlets can be implemented for certain use cases like powering signs or advertisement boards. Due to the intended use of the building we do not envisage there being much need for high power or specialist outlets, with the current specification of the building we can only envisage the plant rooms, electric charging stations and potentially the server/computer control rooms requiring such things. 
Furthering on in our findings and decisions we looked at the overall lighting for the building incorporating the use of natural and artificial light as well as emergency lighting all being extremely important in the building feel, building function and energy usage. When designing a building you strive in filling each room with natural light as this provides the best feel internally for users and saves on energy use, this is not possible for the basement areas for obvious reasons so artificial light is our only option. The problem with natural light is the subsequent heat loss or solar gain you get from installing more windows into a building, these heat losses must be taken into consideration during the design, and the utilisation of double or triple glazed windows is a necessity; during the external envelope design of this project we specified to use panels set over the windows to block direct sunlight from certain angles to aid in removing some solar gain and provide a block from the bright sun. When implementing artificial light into a building there are a range of potential variations and configurations that can be utilised  in creating a energy efficient building, artificial light is required in every room even when there is ample levels of natural light, this is so the building can be utilised during night and for the days which are darker. For the days which are not bright enough to completely fill the room we can implement lux sensors within the room towards the darker points which recognise there isn’t enough natural light so they turn on either the full set of lights or a bank of lights over the darker portions of the room, this saves on energy and creates a smarter environment to make the building more user friendly. Following on from this we can implement motion sensors within rooms which automatically turn off or on lights, this is a common service implement in most modern large-scale buildings clearly indicating its industry trial and tested. Another area in which we can adjust artificial lighting to maintain better energy use provision and create a better workable internal space for the building users is the type of lighting used and its lumen level, for lighting in spaces which are used for work or not for residential use a blue brighter light whereas in the residential areas a warmer yellow light will be used. The use of LED lights will be continuous throughout the building due to their high energy saving characteristics and their extended life when compared to old type bulbs. Within the areas like the residential areas and the private areas in the retail sections we can install light dimmer switches to lower the brightness ultimately lowering the energy usage and making an adaptable space for the building users. We also have to consider what type of light we will use weather it is integrated or a more traditional surface mounted, within the residential space we will use a surface mounted lighting so the bulbs can be replaced easily. 
For the emergency lighting it will be implemented as instructed into the building following the Welsh building regulations and with guidance for building control. When looking at emergency lighting there are two forms which include emergency escape lighting and stand by lighting. In terms of the fitting of the emergency lighting we can implement them in ways which lend themselves to the area in which they are situated, for instance within the residential spaces where you want a more homely feel we will set the emergency exit lights flush and integrated to the wall where as they can be surface mounted in the commercial areas below. Whereas for the emergency lights within the residential area we believe it best they are fitted in prominent position so the residential users can best identify this system in case of a fire. Alternatively, for the retail and office areas emergency light packs can be installed to the existing light fitting creating a two in one design, these systems simply work by attached a battery pack of back up source of power to the light fitting only using a small percentage of the full light fitting. 

















Section 4 Task 3
Critically appraise the building fabric and the potential services equipment choices for both the design and installation practice, within context of sustainable futures, low carbon/low energy and financial (Revenue) cost savings. 
The proposed building and its subsequent building fabric have not been fully detailed within this report due to this report focusing on the services implementation within the building, in previous reports we have gone into detail regarding the building structure and fabric. For the building fabric however, we specified the use of modern construction techniques to ensure the building is relatively simple to build, ultimately reducing the overall build cost, and so the building fabric can contain the relevant thermal properties which are required not only by building regulations but also accomplish in creating a sustainably efficient building which has reduced energy usage leading in a long term financial cost saving. Even though we have specified to meet the building regulations in terms of thermal performance I do not believe that is the best approach in creating a building that links into the sustainable futures parameter as building regulations are continuously improving which will eventually making the building obsolete when compared to the newest and greatest, because of this I deem it necessary to over specify the thermal performance of the building fabric which will create a building that is sustainable going into the future ultimately reducing the amount of energy used and carbon produced and in the long term saving on the financial costs involved with this. 
In regards to the service equipment choices we have specified for the building and have detailed within this report there are a number of these chosen services which could be seen as not being fully beneficial to the building, this section is where they will be critically appraised. When looking at renewable energy’s for the building we have specified to use some wind turbines, PV panels and transparent solar glass to aid in providing a source of renewable energy to the building creating a sustainable and low carbon building, on the whole I believe adding these renewable sources is crucial for the building however I do not envisage wind turbines being workable for this building due to the height of the building in relation to the turbines structural safety during extreme storms, this is not ideal however as wind turbines are the more environmentally friendly form of renewable energy. Never the less, through the correct design of the placement of windows which contain the solar glass as well as the efficient use of PV panel space on the roof a good stream of renewable energy can be produce to either be used within the building or to be fed back into the main grid both of which are sustainably created, produce little to very low level of carbon and will save financially in the long term. In regards to sustainable futures we can ensure the window units around the building which are not fitted with solar glass have the ability to be removed and replaced easily not only for maintenance but so further transparent solar glazed units can be installed in the future. 




Furthering on from that we specified the use of lifts, escalators and stairs internally with only a few floors utilising escalators due to their height restrictions, I was apprehensive to specify the use of lifts and escalators as they are not really a sustainable service nor do they create any savings for the building however due to the specified uses of the building and its height they are required within. During our specification of these we have tried to incorporate them as efficiently as possible however this can only be achieved to a certain degree. Ultimately to further improve the buildings future and current sustainability as well as reducing the amount of energy usage we could specify that all the basement floors and retail first 2 floors only have use of stair cases  whereas the office and residential spaces have use of elevators as they are required, private lifts would be required for all the floors to provide relevant disabled access. By doing it this way we would be creating a building which will be sustainable into the future, and have a lower energy usage due to the removal of a number of lifts ultimately creating more financial cost savings. 
Another area in which we have provided service fittings which will be a requirement in the future is the fast charging points for electric cars within the parking area, by having a number of these available and the potential to install more we are future proofing the building for the changes that are occurring in our society today. By installing these they will not produce any real financial cost savings for the building nor will the reduce the amount of carbon produce or energy used; in fact they will do the opposite however having these installed within the building you are providing a future sustainable necessity service which will in-directly attract people to the building increasing the building use and ultimately the revenue the building produces. The implementation of these future necessity services and creating a sustainable modern energy efficient building also contains another intended use in aiming to provide a future utopia building that contains all relevant services and usable areas in order for a person to be able to live and work from, by having this ‘all-in-one’ character it will greatly reduce the amount of travel people have to do and unlock much more efficient use of spaces especially in largely built-up areas which are already suffering from over population. We believe this form of building is what future buildings will be required to achieve as the world carry’s on implementing new ways to counteract global warming and aims in producing better and smarter buildings which target a wide range of people.  
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