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[bookmark: _Toc530569151]Introduction 
This report looks at the use of Natural and Mechanical Ventilation and how they are used by different groups of sustainability certificates, how they are implemented and adapted to suit the building in its environment, focusing on how it will help to achieve the required outcome. The Outcomes should all be relatively similar focusing on achieving a sustainable certificate but the process, design and solution will differ depending on climate, location and surrounding factors.
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[bookmark: _Toc530569152]What is Natural and mechanical Ventilation?
Ventilation is an important aspect of a building to keeping it in a comfortable condition for those occupying the building, it helps with regulating the temperature inside allowing it to be cooled or warmed. Ventilation also is used to keep the air conditions fresh inside allowing fresh air to enter and allowing any gases or odours to escape helping to provide oxygen. Natural and Mechanical ventilation are the two main types of ventilation which can both be broken into sub categories.
[bookmark: _Toc530569153]Natural Ventilation
Natural Ventilation uses wind or buoyancy driven pressure, the pressure differences in a building to allow air flow to circulate (Designing Buildings Wiki, 2018). Natural Ventilation is split into sub categories, single sided ventilation, cross ventilation and stack ventilation. Single sided ventilation and cross ventilation is very similar as cold air enters and forces the hot air to rise, single sided will have air exiting and entering the same side and cross ventilation where the cold enters one side and exits another allowing the cold air to cross.as Natural Ventilation costs nothing, but is incorporated into the early design stages of a building, it is cheaper to implement natural ventilation compared to paying to install mechanical ventilation. There are many factors that can affect the natural ventilation such location and solar orientation, location factor will allow design to allow for cross ventilation and buoyancy allowing wind in perpendicular to face of the building, having ventilated roofing space or skylights will allow for stack ventilation where the heat rises (Walker, 2016). Natural Ventilation may not always be possible due to factors where the building may be in a poor air quality area or have issues with privacy and noise where it is not possible to have openings in the building, this is where the need for mechanical ventilation will be needed.
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https://www.tealproducts.com/natural-ventilation-control

[bookmark: _Toc530569154]Mechanical Ventilation
The use of mechanical ventilation is needed where natural ventilation is not possible or where it is used along with natural ventilation, there is a large number of factors in which make mechanical ventilation needed. A few types of Mechanical ventilation are Circulation system, Pressure system, Vacuum system, Balanced system and a Local exhaust System. These systems can be designed into the building or they are able to be retrofitted at a later state which can have high costs depending on the design of the building. Retrofitting Mechanical Ventilation to older buildings is a more difficult task as the layout of the existing building will affect how it is ventilated, there will need to be ductwork fitted throughout to distribute the air and an area for the fans and motors taking into consideration that this will create noise, heat and require maintenance. Mechanical ventilation will need to be regularly serviced and have filters changed and parts tested, there will also be a large section of compliance to cover which can be found in the Building Regulations Part F (Welsh Government, 2010). Large systems in highly populated or occupied buildings will be mechanically vented due to the need for fresh air and to keep temperatures constant, this may be controlled electronically allowing for it to be used to its potential and to reduce energy while maximising comfort levels (Designing Building Wiki, 2018). Mechanical ventilation is independent to the weather conditions compared to natural ventilation and therefore will require energy to run but will be [image: ]operational regardless of climate.

https://www.thegreenage.co.uk/mechanical-ventilation-in-buildings-what-you-need-to-know/

[bookmark: _Toc530569155]How is Natural and Mechanical Ventilation implemented into Passivhaus?
The entire design of Passivhaus will look at keeping an air tight building and reducing the energy that building uses, the factors that affect the design stage will alter the outcome of a building as it will be constructed in such a way to save energy taking advantage of solar gain for heating and having high levels of insulation and triple glazing allowing the heat to be kept in and controlled. The high insulation and triple glazing focus on keeping heat in to reduce energy needed for heating, with no thermal bridges the building is air tight and will need ventilation. The ventilation will be Natural and Mechanical for the majority of the world, although Mechanical is not required, it may be needed in certain climates to help reach the required criteria level as Passivhaus will have to adapted to fit particular climates (iPHA, 2018). Natural Ventilation is always an option with passive house as many windows / openings are designed in to allow natural light and heat in while trying to store it, these windows and openings are possible routes to allow any type of natural ventilation into a building. Natural ventilation is controlled by humans and requires to be open for certain periods to be able to provide adequate ventilation of around 30m² per person every hour (Rosemeier, 2016), this is not always possible depending on location and climate as ventilation can rapidly cool a building having the need for it to be heated again going against the main aim of Passivhaus. New solutions involve mechanical Ventilation and specifically Mechanical Ventilation Heat Recovery system’s (MVHR), these systems are advised for how to achieve a Passivhaus standard in the UK due to the colder climate (Passivhaus Trust, 2018). MVHR systems are used to save energy as they bring in fresh and put out the inside air having a constant cycle, they are needed when the air outside is colder than the air inside as they would be wasting the air heated up inside which is not good for energy savings, they can also work in reverse by bringing in warmer air to heat a building, this is done by the transferring the heat carried by the air but having the air coming in and out never mixing which is important for energy savings. A ventilation unit without heat recovery may lose about 24kWh/(m²yr) whereas a Passive House’s maximum space heating demand is only 15kWh/(m²yr) (iPHA, 2018). The MVHR systems should at least be 75% efficient in heat recovery for positive outcome, they can be controlled electronically and can need no human intervention making them easy to manage than natural ventilation and creating comfort in a home.
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https://www.bowtieconstruction.co.uk/about/passivhaus/passivhaus-mvhr/
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BREEAM designs ventilation in a building pre-construction and will be tested post construction, ventilation is required in order to obtain credits which will go towards an overall rating for the building and the higher the credits the better the BREEAM rating the building will have. The BREEAM manual has a section of Health and Wellbeing, within that section is Hea 02 Indoor air quality, in this section there are credits available to do with ventilation. Indoor Air Quality Hea 02 has 5 credits available in the following categories.
· Minimising sources of air pollution (4 credits)
· Adaptability - potential for natural ventilation (1 credit)

(BREEAM UK, 2014)
The first credit involves having a plan in place for air quality during occupation of the building an in loves maintaining the air quality in use that will involve the removal of any contaminants in the filters and the control of contaminant sources, removing any contaminants prior to occupation of the building known as a building flush and allow third party testing and analysis of the air quality (BREEAM UK, 2014). The second credit is awarded to having a ventilation fitted to the building that is in accordance with building regulations and the requirements of BREEAM along with CO2 sensors are provided with every e-stack or NVHR system; these are linked back to local control which controls any automated vents in the space. Where manually opening windows are present, an indicator light indicates when it is advisable for occupants to open the windows (BREEAM, 2014). The next two credits in this section are not related to the ventilation but to the emissions from the materials used in the building and these volatile organic compounds (VOC) should be tested and be within regulations for emissions, as the emissions will need to be ventilated it will fall under this category in the BREEAM manual. The last credit available will be for the potential for natural ventilation / adaptability, the requirements for natural ventilation able to provide fresh air entirely on its own, and that it is sufficient to provide enough cross flow ventilation and able to fill the room depths designed within accordance and that the rates of ventilation and comfort are acceptable. The natural ventilation should also have two user control levels allowing for different levels of ventilation aloud. Health and wellbeing 04 Thermal comfort has credits that can be achieved with the addition of ventilation such as the Thermal modelling will require ventilation to be included as it will be needed for other sections and the thermal zoning and controls will see the ventilation be isolated in different sections/ rooms and that can help with adaptability of the future climate change scenario as a whole.
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https://www.environmentalleader.com/2017/10/174456/
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The need for Natural and Mechanical Ventilation in both of the sustainability certificates I have looked at are both significant in terms off achieving the best possible outcome for each certificate. Where BREEAM requires the use of ventilation in order to achieve credits for health and wellbeing that also falls into many other categories involving energy and management, it doesn’t specifically require natural ventilation but will add towards additional credits. Passivhaus requires ventilation due to its airtight design but does not specifically ask for mechanical ventilation only, Natural ventilation will always be needed due to the windows and openings to the south orientation, most cases however will require mechanical ventilation due to location and climate as Passivhaus is used all over the world along with BREEAM, however Passivhaus does not take into consideration factors that BREEAM have to such as management of ventilation. Ventilation towards Passivhaus it largely important compared to BREEAM as it is an essential in the majority of climates for MVHR systems to be needed in order to reduce on energy while maintaining airflow which is essential for the design, BREEAM requires Mechanical Ventilation but not Natural Ventilation however this will result in a lower credit score.
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