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[bookmark: _Toc166490995]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 zones of different uses that the building is to be divided into, as a multi-zone facility.  


[bookmark: _Toc166490996]Utilising neat suitably annotated sketches and schematics
[image: A diagram of a machine] [image: ]
Figure 1 150mm duct work to be used, with insulation on incoming air.
[bookmark: _Toc166490997]Figure 2 My first room (Welfare)
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[bookmark: _Toc166490998]Figure 3 My second room (Office)





[bookmark: _Toc166490999]Evaluate options and make appropriate recommendations for the design and construction of Mechanical Ventilation and HVAC technologies.
[bookmark: _Toc166491000]Mechanical Ventilation
Types of Mechanical Ventilation Systems
Natural Ventilation: Is the cheapest form of ventilation but has limited controls, it uses natural air flow from window and door openings. Mechanical ventilation with heat recovery, known as (MVHR). This system takes the bad air from the building and replaces with fresh air from outside, it also recovers air from the exhaust to pre heat air coming in and is highly energy efficient. Exhaust only ventilation is the simplest form of mechanical ventilation, it takes the old air out but does not replace the air mechanically This option is cheap but has negative side effects such as negative pressure indoors. The recommendation would be the use of a MVHR system, the reason being these systems are the most efficient at maintaining internal comfort and energy savings. 

[bookmark: _Toc166491001]Different types of HVAC
Cooling Systems
There are several different types of HVAC units. Split systems are made from an indoor evaporator coil, an outdoor condenser and are suitable for individual rooms or small spaces. Variable refrigerant flow systems offer zone controllable heating and cooling. These provide energy savings and accurate control of the temperature. Chilled water systems use cold water that is circulated through pipes to cool the air in there handling unit, these are suitable for large buildings with centralised cooling demands. 

[bookmark: _Toc166491002]Different types of heating Systems
Furnaces are powered by gas, oil or electricity commonly used for cold climates. Not efficient or energy efficient. Heat pumps are the most efficient and energy efficient method of heating and cooling as they get their heat from the air or the ground. They work best in a moderate climate. Boilers use steam or hot water to power radiators or underfloor heating systems. These are suitable for areas with high heating demands and large buildings. 

[bookmark: _Toc166491003]Ventilation Systems
There are several ventilations systems these include air handling units which is a system uses a centralised system that uses filters and air cleaning to distribute clean air through an open space. Energy recovery ventilation is a system that reduces energy consumption by recovering heat and moisture from the outgoing air to pre ready fresh air that is incoming. Ceiling mounted ventilation units are installed in ceiling spaces and can offer heating and cooling options for separate areas (Designing buildings, 2023).



[bookmark: _Toc166491004]Controls 
There are several different control options used in building management, these are called building management systems. These are used for controlling and monitoring HVAC equipment to make sure there creating comfort and saving energy. Thermostats that have features for sensing occupancy, remote access for individual needs of comfort and energy saving. Zone controls can be used to divide a building into zones that all have their own controls for that area, this allows for individual control of temperature, energy use and can be based on patterns of use and preference (Designing buildings, 2022). There are several different controls methods. 

Single Thermostat: 
A very basic system used to control temperature in a building, does not have any zone-specific settings. 

Zone Control System: 
This is a system where each zone can be controlled from a single thermostat in that zone, the user can change the thermostat in their zone to match their needs. This is much more energy efficient than a single thermostat system. 

Building Automation System (BAS)
A centralized system that controls various building functions such as HVAC, lighting, security, and more. This system integrates multiple small systems to provide centralized control and monitoring, allowing for automation, scheduling, and optimization of the building.

Energy Management System (EMS)
EMS focuses specifically on optimizing energy usage within the building. It monitors energy consumption, examines data, and makes strategies to lower energy usage and costs.

Building Management System (BMS)
This is the most advanced option, this system brings together all aspects of building operations such as the HVAC, security, lighting, fire safety as well as others. This is a centralised monitoring system control which optimises the building systems and improves energy efficiency, safety, and comfort levels.

[bookmark: _Toc166491005]My recommendations
When looking at the most efficient system to be used in the innovation matrix we must look at what’s important and that’s made up from cost, ease of installation/use, comfort, and energy saving. When looking at energy efficiency HVAC systems VRF systems, MVHR ventilation, heat pumps should be used to lower operational costs and energy usage. The use of zoned systems such as HVAC systems with individual temperature control, so that different areas of the building have its own controls allowing maximum comfort and energy savings. When looking at the maintenance options of the HVAC equipment, its important to look at the installation. It needs to be installed in an area that allows ease of access for maintenance as this allows the servicing and maintenance can be done easy, as this ensures that it has longevity and optimal performance. The best way to install these systems is with communication to and from the architects and engineers during the design stage of the build as this allows the design to be incorporated seamlessly into the building fabric, this allows for a neater more visually pleasing and accessible area for maintenance. Its important to remember when using HVAC systems that are mechanical that you think about energy efficiency, maintenance, comfort, and integration with the design of the building. If the correct system is chosen it will lead to a better indoor environment, saves on energy consumption and operational costs (BMS, 2024).

[bookmark: _Toc166491006]Installation challenges, as a multi-zone facility.  
[bookmark: _Toc166491007]Mechanical Ventilation and HVAC Design
Zone one office
Ventilation 
Offices need a continuous flow of ventilation and fresh air to maintain air quality and comfort levels, this can be done with demand-controlled ventilation systems with C02 sensors. This is optimal for varied occupancy levels. 
HVAC Technologies: 
(VAV) variable air volume systems with a rooftop (AHUS) air handling unit for ventilation and cooling/heating will provide energy efficiency, flexibility is air flow control. This can be achieved by adjusting air flow and fan speeds based on my zone needs. 

Air Distribution: 
To make sure that an even air flow and comfort level are reached through out the zone, the use of ducts need to be used as is the use of diffusers with adjustable louvers for air flow control.
Zone Control: 
The use of zone controls is important as to optimise energy use, individual zone control and comfort levels.
Installation Challenges:
Office buildings normally have limited spaces for ductwork and HVAC systems, so the design is important, so that the systems are not in the way of everyday use or other building systems. 
Noise Control: 
HVAC Systems should be designed with sound attenuation systems to minimise the transmission of sound into the office zone. This is to make the zone comfortable from noise. 
Access for Maintenance: 
Lear access to all parts of the system is needed for maintenance and repair, this includes filters, coils and ductwork. 

Moisture:
There may be a need for moisture adding tech, such as humidifiers could be used to increased air quality.

Zone 2: Welfare Area

Mechanical Ventilation and HVAC Design:
Ventilation Requirements: 
The welfare zone has different needs to the office space because it needs to remove smells, contaminates and moisture. The use of exhaust fans with automatic controls are needed to meet the differing occupancy levels and suppling the fresh air and ventilation needs that match. 
HVAC Technologies: 
Installing an exhaust system dedicated to the welfare zone allows for the recovery of heat and moisture and the efficient removal of the smells and contaminates. By recovering the heat, it allows for the pre heating and conditioning of incoming air. 
Air Distribution: 
By implementing exhaust fans locally to the areas most needed, we maximise the efficiency of removing the bad air from the source. This maximises comfort levels for users. 
Humidity Control: 
By using humidity sensors, we maximise the air quality and reduce the risk of mould growth through moisture control as welfare areas have a higher risk. 


Installation Challenges:
The welfare areas have different challenges to office spaces, this is because of the moisture levels that lead to the risk of mould forming and the smells. Proper moisture protocols should be put in place such as waterproofing, drainage and ventilation. 
Odor Control: 
The design and installation are very important as it needs to be as efficient at removing smells. This has a direct affect on comfort levels and energy efficiency. This can be achieved through proper design and the use of UV filters or/and carbon filters.
Accessibility: 
Access to the system is very important for installation and proper maintenance as this makes sure the system is efficient and last longer. 
Summary
Its important when designing a HVAC system that it meets the need of different zones in a multi zone building. This is important so that it meets the ventilation requirements of the individual zones, by assessing each zone and incorporating its needs it will reach maximum efficiency and comfort for that zone (MOTILI, 2023).

Building regs for HVAC systems 
When managing HVAC its important to abide by Energy performance of buildings (England and Wales) regulations 2012 these were set out to help anyone who manages these systems comply with regs (GOV>UK, 2020). Document F volume 2 covers ventilation (GOV.UK, 2022). A successful HVAC installation complies with several building regulations including, air change frequency, heating, and maintenance. 


[bookmark: _Toc166491008]Task 2: 
 
[bookmark: _Toc166491009]Critically evaluate energy use provision and the principles and the installation of natural, artificial, and emergency lighting and power systems within the building.

Welfare zone
[bookmark: _Toc166491010]Light levels and lux
The lighting levels for zone one (Office) range from 300 to 500, but I will be looking at the higher range of 500 lux, this is to offer maximum comfort levels while reading and writing and meet the lower requirement of 500 lux for computer work as this reduces glare. The ambient lighting guidelines also state that 500 lux is visually pleasing. I will also be looking at the guidelines to make sure of compliance. While looking at the lux levels I will be looking for uniformity in the lighting to make sure all areas of the zone are evenly distributed. To do this I will use a 3:1 ratio so that minimum lighting is no less than one third of the average light level in the zone. I will be using a light index of 80 as to dictate accurate colour detail and visual comfort. Part L for lighting is the regulations for lighting they cover new installations as well as rewires, it dictates that the new installation has to be energy efficient as possible (GOV.UK, 2014). 
Daylight Integration:
Natural light from the east facing windows will be incorporated into the lighting design to save power where possible and enhance user comfort. When it comes to glare, internal shades will be incorporated. Looking at EN17037 it states what day light provisions, view out the window, access to sun light and prevention of glare is needed to comply (Building, 2022).

Lighting Controls:
The lighting controls that will be used will be PIR occupancy sensors, dimmers, daylight sensors this is to adjust lighting levels to suit time of day and occupancy levels (BMS controls, 2021). Its important to make sure there is PIR in every stall, so the lights don’t turn of on people causing a risk to safety.

Toilets
When it comes to the toilets the lux level of 200 will be what we will implement in the design, this gives a comfortable level of light at the higher range. This offers proper lighting for all tasks in this area from hygiene to safety. 

Task Lighting:
There will be task lighting above mirrors in the welfare areas such as mirrors, so the level of light is enough to shave, brush teeth etc. The lux levels will be 500 to ensure visibility and hygiene BS 5266-1 is the British standards to achieve this (NVC lighting, 2021).

Safety and Hygiene:
Proper lighting is very important in this zone to minimise accidents, supply adequate lighting for comfort and cleanliness. It also offers the correct levels for visibility of various tasks in different areas of this zone (Eco lighting, 2020)

Colour Rendering:
A colour index of 80 will also be used in the welfare area as to offer the correct perception of colour and comfort levels. This also makes sure of the ability to see cleanliness (Nulty, 2024)

Uniformity:
While looking at the lux levels I will be looking for uniformity in the lighting to make sure all areas of the zone are evenly distributed. To do this I will use a 3:1 ratio so that minimum lighting is no less than one third of the average light level in the zone (LED master lighting, 2022).

Moisture Resistance:
Its important to choose light fittings and fixtures that are resistant to moisture and are IP rated for that area such as IP67 for lights directly above baths, showers, and sinks, IP20 for other areas in the welfare zone, this is to avoid issues such as electrical faults and hazards and failure. Moisture is higher in toilet areas, so a good design is important (18TH Edition, 2020).

Emergency Lighting:
Emergency lighting will be installed as a back up to the main lighting system, this is to make sure in the case of an emergency people can find there way out safely. This will be designed to the recommended building regs BS 5266-1 is the British standards. The minimum LUX levels for emergency lighting are 1 Lumen.

By following what has been sent out, we can make sure the lighting levels are correct for the zone, making sure there is adequate lighting for the tasks, comfort levels and emergency escape. By following the recommendations of lighting fixtures and fittings we can save energy and maintenance intervals. 

Efficiency
When looking at efficiency and energy saving, we must look to the newest technology ands that is LED lighting. It is not just the best energy efficient, but they last longer allowing less maintenance. They also start up straight away offering maximum lighting when compared to halogen lighting that needs to warm up to reach maximin levels of light. They also offer better directional control and incorporate diffusers and reflectors with the ability to dim, they also offer a huge range to choose from to meet the light levels and colour. When looking at LED lighting they are the most environmentally friendly because have no mercury, hazardous materials, produce minimal heat, and UV radiation (Energy saving trust, 2024).

[bookmark: _Toc166491011]Overall, Power Design: for an office
Electrical Load Calculation: 
Its important for any design to know the electrical load of the zone. This is done by looking at the lighting, equipment, and HVAC systems in the zone. 
Electrical Distribution: 
The distribution system needs to be designed to deliver the correct amount of power to different areas of the zone and the correct voltage. By doing this the size and layout can be designed such as cabling and fixtures etc. 

Backup Power: 
Consider back up power for if the main power fails, this could be generators.

Safety Measures:
When looking at the safety circuit breakers, surge protectors and ground fault items will protect against electrical faults. 
 
Small Power Design:
The small power will all be in the floor of the zone as to maximise space and ease of installation and maintenance. This also allows easier movement of the locations. 

Outlets and Sockets: 
The out lets and sockets will be designed around the office design, but they will be movable to ease access and movability of room layout. This maximises convenience and efficiency. 

Cable Management: 
Cable management will be incorporated underfloor, this minimises clutter and hazards from tripping. 

Power Strips and Extensions: 
Power strip extensions will be incorporated for quick relocation of power if needed.

Energy Efficiency:
LEDS will be used alongside PIR sensors, occupancy sensors to reduce power usage. 

[bookmark: _Toc166491012]Overall, Power Design: for welfare area 
Electrical Load Calculation:
Electrical load is important in this zone, so it has the correct power at the correct voltage to power the lighting and HVAC systems. 

Electrical Distribution:
The distribution in the welfare areas needs to incorporate the lighting, HVAC systems, showers, and small power. 
 
Backup Power:
Back up power will be designed with generator as to power the emergency lighting. 
 
Safety Measures:
When looking at the safety circuit breakers, surge protectors and ground fault items will protect against electrical faults. 

[bookmark: _Toc166491013]Small Power Design:
Outlets and Sockets:
Its important to get moisture resistant out lets and sockets at the correct voltage and moisture resistant, 12 vault is usually used for razors, hair driers etc. 

Cable Management:
Cable management will be used, in the way of hidden cables either through the ceiling or the floor, this minimises accidents and water ingress. 


Power Strips and Extensions:
No power strips will be used in the welfare area all out let’s will be fixed.

Energy Efficiency: 
Led lighting, HVAC systems and PIR sensors will be used to save energy. 

Both zones Have east faced windows that will be affected by the sun’s movement through the day, these windows will receive sunlight in the morning and indirect sun in the later day. The sun offers sunlight which produces light and heat this can be a good thing for comfort as it creates an inviting space from its natural light. But this can also cause heat gain, glare especially in the summer. Solar heat gain will be at its worst in the summer months and will cause increased temperatures causing increased demand on the HVAC systems and comfort levels. To combat solar heat gain we can use low e coatings on the windows to reduce heat transfer, blinds, shades to block sunlight. External shades could be used in the design, the incorporation of landscaped features such as trees could also be used. There is a positive to winter months, the solar heat gain could reduce energy usage if the windows where correctly designed. All we must do is understand the solar heat gains to use them to our advantage either for heat or light (Green build advisor, 2018)

[bookmark: _Toc166491014]Energy Use Provision:

Efficiency Considerations:
The supply of energy in the building will prioritise the efficiency towards environmental impact and the minimising of waste. 

Renewable Energy Integration:
To maximise sustainability the integration of renewable energy sources such as solar panels and possibly the addition of small wind turbines will be used lower the buildings energy. This will reduce the need for energy from fossil fuels lowering the carbon emissions. 

Smart Technologies:
The use of smart technologies to monitor energy usage and internal comfort levels will include the use of PIR sensors, dimmers, thermostats, lighting controls and occupancy sensors and manual override. As well as utilising daylight and solar heat.
 
Daylighting Design:
Its important to factor in the natural light and solar heat gain into the design. This should be done at the design stage to make sure window design, skylights, mass window sizes and use of external shades are utilised to deal with the unwanted effects. 

Energy Efficiency:
Energy efficiency from the natural light aspect is important to look at because day light reduces the need for artificial lighting at certain times of the day. 

Installation Challenges:
Challenges from the natural light installation will include shading considerations, building orientation, and structural elements. The planning for these need to be made in the design stages. 

Artificial Lighting:
Energy-Efficient Fixtures: 
By selecting LEDs bulbs with energy efficient fixtures, they will use much less energy and last a lot longer before maintenance is needed because they have a much longer lifespan compared to incandescent traditional lighting systems. 
Lighting Controls:
The use of PIR sensors, dimmers and timers will eradicate the need for continuous lighting of areas with no one ion them. This reduces energy usage by a big margin saving money and the use of carbon. 
 
Installation Best Practices:
Utilising the correct installation of lighting fixtures makes sure there in the correct place, there wiring and mounting systems are optimal for light distribution and minimises energy usage. The use of proper and regular maintenance will give maximum performance and energy efficiency. This can be done by following Approved document p” Electricity safety, dwellings. 


[bookmark: _Toc166491015]Emergency Lighting and Power Systems:

Regulatory Compliance:
When designing and implementing emergency lighting and power supplies we must make sure they comply with building regs. This also includes the emergency lighting protocol for exit routes etc. This comes under the Building Regulations and the Regulatory Reform (Fire Safety) Order 2005 and The British Standard BS 5266-1:2016.


Backup Power Generation:
The installation of back up batteries or generators should be used as a back up system for power, lighting, and emergency lighting. They need to be properly specified for the zones there in as well as being regularly checked and maintained. They also need to be tested to make sure they work for emergencies. 

Integration with Building Systems:
It’s important to make sure the systems are integrated with the fire, alarm, and security systems so they all work in tandem during emergencies. 
The conclusion is that the supply and running of these systems are as energy efficient as possible and are sustainable long term. They must meet building regulations, so they supply what is needed to the spec that is demanded. This enhances comfort levels, safety, energy rating, energy consumption BS EN 1838 specifies escape and standby lighting requirements for businesses in the event of a power failure (Surrey fire and safety LTD, 2024).

[bookmark: _Toc166491016]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. 
Recommendations are based on improving what’s already in place.

Building Fabric:
Insulation Materials:
Using higher quality insulation materials, as well as an increase in there thickness will reduce heat loss and energy usage, the use of A semi rigid Rockwall would be more energy efficient. By looking at insulation of 0.15W/m2K) or less this maximises efficiency in summer and winter (Passivhaus, 2024).

Air Tightness: 
Making sure the air sealing of the building envelope reduces leakage, this reduces energy usage as heat can’t escape through drafts. This saves money and improves internal comfort levels (Passihaus, 2020).It would also benefit to have a wind tight and an airtight layer, compromising of membranes and tapes from the same manufacturer to ensure proper installation and effectiveness. Workmanship is very important in relevance to air tightness, the closer the materials meet the better the airtightness, so a trades man who can cut materials correctly will do a better job at minimising air loss. 

Glazing and Windows: 
By using triple glazing glass with low U-values and a high solar heat gain can utilise natural light while minimizing heat loss or gain, this supplies internal comfort and energy savings. The use of Heat reduction films can be applied to windows in trouble some areas of high thermal solar gain (TINTFIT, 2022). The location of the windows could be moved to the insulation area of the walls as to counteract thermal bridging. This is because now the windows are set forward of the insulation.


Roof design:
The design of the roof could have incorporated more insulation, a live roof where the roof has a living organic topping this would not only keep the heat in, but also the heat out during summer. 

Foundation design:
Solar gain on the current foundation is going to be a big problem in solar heat gain from the tall windows in front of. This could be mitigated with the use of water-cooling systems in the concrete, the use of nearby water could have been used to implement these systems, and could be run of solar to mitigate the extra energy needed. 



Services Equipment Choices:
Heating, Ventilation, and Air Conditioning (HVAC):
The heating and ventilation designs from my knowledge are good, they just needed a little redesign to maximise efficiency. 
Efficiency Ratings:
I think looking to achieve Passivhaus would have been a better idea than going with bream, they have a higher standard to achieve and are set to be the leading choice. With Scotland utilising their system over building regs, and their projects all over the UK gaining recognition and with this project being part of the university’s ACE department I would have thought that more effort for energy reduction and industry leading projects would have been used. Investing in higher energy standards would have saved money, carbon, and lack of user comfort (Passihaus, 2024), (Willmont dixon , 2023).
 
Variable Speed Drives: 
The HVAC systems could use variable speed drives for better control and would save more energy, thus saving money. 

Heat Recovery Ventilation:
Improving the designs to capture heat loss and recovery rom out going air streams, this would improve air quality and reduce the heating bills. 

Lighting:
LED Technology: 
Choosing LED fixtures with quality controls such as PIR and occupancy sensors would achieve a better energy savings as well as a good lighting design. This saves money and lowers the maintenance times (Energy saving trust, 2020).

Daylight Harvesting:
The ability to maximise the use of natural light by using daylight harvesting techniques based on occupancy and available natural light would save energy. 

Renewable Energy Integration:
Solar Photovoltaics (PV):
Solar panels are a good idea but is there room to add more further reducing the projects energy usage. This provides long term energy and money saving. As well as highlighting the option of selling back energy that’s not used. 

Wind Turbines:
Wind turbines could have been added to the build, the winds in that area would have generated enough energy incorporation with the solar options as wind turbines are more efficient than solar. This is another way to generate energy and save energy expenditure (Smart meters, 2024), (World ecenomic forum, 2022).

Financial Considerations:
Life Cycle Cost Analysis (LCCA):
Making sure an LCCS is as efficient as possible through the design and spec process is very important, as it shows all the costs the project will have over its lifetime. it also shows ways that can save energy and what could have been done better. 
Incentives and Rebates:
Looking at all the options regarding incentives and grants is very important in a project like this, as these can offset the initial investment and can improve on energy ratings and highlights how efficient the project is going to be. 

Payback Period:
The payback aspect is important and by utilising all the best options for the project, it can lower the time it takes to recoup the initial investment dramatically. The building fabric and services choices should prioritise the financial cost, sustainability, and energy efficiency savings. But also, the implications on the environment and economics of the project and its environment (Saveenergy NB, 2022).

Conclusion
By following the guidance from Passivhaus and by meeting the criteria they have set out, this project would have performed better, cost less to run and set an example in Swansea. The example would have been “Look at what we can achieve if we just think” instead we have a typical building, built in a typical way, and built to a typical standard. If Passivhaus was followed there would be no issues with solar heat gain and no way to control it. 
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