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[bookmark: _Hlk497298942]Chapter 1
1.1 Introduction
Increasing concerns with the state of global weather patterns and environmental destruction from pollution has been a growing issue to be tackled on the agenda of many countries. In the UK particularly, a shortage of affordable housing has resulted in an additional investment of “£2bn in affordable housing” (Building Specifier, 2017) and as the country has the oldest houses in the EU, with over half built before 1960’ (The Guardian, 2017) it is imperative to make these new structures as energy efficient as possible. This extends also to a commercial setting, whereby usage of electricity and heating have an overbearing effect on energy demands, as seen from figure 1.1, the largest consumers of energy are ‘41% on heating and Air conditioning’’ and ‘36% on Interior Lighting’, both aspects of which can be designed and specified prior to construction.
[image: http://greenwisestrategies.com/wp-content/themes/greenwise-strategies/images/electricity-use.jpg]
Figure 1.1 – Typical Electricity Use for Office Buildings (Greenwise Strategies, 2017)

It its legislation and schemes such as the Government backed RHI, Renewable Heat Imitative, and Green Deal that currently push existing and new homeowners to increase energy efficiency of their homes in forms of generation and retention by insulative measures. More specialised schemes such as BREEAM and PassivHaus intend on pushing these standards to that of beyond the UK’s Building Regulations Document L: Conservation of fuel and power in contributing to global sustainability.

Chapter 2
2.1 BREEAM Overview
	BREEAM is a privatised company that is a sister body of the BRE Organisation, The Building Research Establishment, and works closely with public sector projects and the UK Government.

[image: BREEAM]
Figure 2.1 – BREAAM Logo (BRE, 2017)
	
Launched in 1990, the scheme aims to increase the all-round sustainability of the development, from the number of cycle storage units to the efficiency of the management during construction. It ensures that the building is not only efficient in terms of adapting to the purpose it serves, but the parties that are affected by the construction process.

2.2 BREEAM Implementation
	With the backing of the Government and public funded projects, the uptake on BREEAM in the UK has been positive, as matched by its global performance, with ‘2,266,155 registered buildings, 562,484 certifications and practicing in 76 countries’ (BRE, 2015). As figure 2.2 shows the uptake of the BREEAM Scheme is largely dominated in the Commercial Sector in both Part and Part 2.
[image: ]
Figure 2.2: Building Type Uptake of BREEAM In-Use. (BRE, 2015)
2.3 BREEAM Design
	A BREEAM design scheme begins at early management stages, multiple meetings with stakeholders ensures that all parties involved are aware of the design pathway and affected in a sustainable way. The design applies to all eight sections of the schemes rating:
	Category
	Implementation of Design

	[image: Energy]
ENERGY
	The design of building orientation, solar heating and specification of energy-saving measures.

	[image: Health and Wellbeing]
HEALTH & WELLBEING
	The promotion of comfort levels and health and safety in and around the building via efficient and good design

	[image: Innovation]
INNOVATION
	Implementing innovative design measures to improve building sustainability is rewarded.

	[image: Land Use]
LAND USE
	The design of the building footprint and surrounding site use ensures no space is wasted. 

	[image: Materials]
MATERIALS
	The design must ensure that materials are responsibly sourced and their application calculated – this ensures minimum wastage and sustainable use.  

	[image: Management]
MANAGEMENT
	This is a major part of the design process as stakeholders have early influences on the initial design. These design choices extend to the aftercare of the building.

	[image: Pollution]
POLLUTION
	By designing efficient spaces, the section aims to minimise the pollution, from waste of materials to the specification of renewables to cut carbon emissions.

	[image: Transport]
TRANSPORT
	Designing with sustainable transport measures reduces Carbon emissions from lone travelling. Design including Cycle and bus routes play a major part in this section.

	[image: Waste]
WASTE
	By specifying and designing materials that are durable and resilient minimises wastage and the amount of repair resources needed to maintain the building.

	[image: Water]
WATER
	By designing greywater systems and/or leak detection provisions, we minimise potential for waste and increase the use of surface water.




2.4 BREEAM Materials
	The BREEAM Assessment accounts the whole attributes involved with the specified material for the proposed building, as BREEAM encourages the specification of ‘materials that have a lower impact on the environment’ and these material choices contribute to ‘10% of the overall score’ (Anderson, J., 2002). The material section, as part of the BREEAM scoring criteria, consist of the fulfilment of 4 credits. The conditions of these credits follow the system of the Green Guide as shown in figure 2.4.
[image: The Green Guide Explained Structure]
[bookmark: _Hlk497303225]Figure 2.4: The Green Guide Explained. (BRE, 2015)

The materials section, abbreviated as ‘MAT’, follows the following subheadings:
	Sub Section
	Summary

	MAT01
Life Cycle
	This section focuses around the chosen materials’ environmental impact, including its embodied carbon. This is subsequently calculated over the buildings full life cycle.

	MAT02
Hard Landscaping & Boundary Protection
	This section includes the specification of the most sustainable materials to divide the site – The products’ Life Cycle Cost will also have an effect on the overall rating.

	MAT03
Responsible Sourcing
	This section refers to the origin of the product, particular in its extraction/harvest. Subsequently, evidence of sustainable procurement for the material will need to be provided to award credits.

	MAT 04
Insulation
	The choice of the insulation for the proposed building must not only include a low heat loss value, but also exhibit low embodied carbon factors.

	MAT 05
Designing for Durability and Resistance
	This section revolves around the life span of the specified material – this is included to minimise the frequency of replacement or maintenance; which contributes to resource use and running costs of the building.

	MAT 06
Material Efficiency
	This refers to the usage of the material. In calculating the proposed use, the section aims to minimise waste of resources and reduce environmental impacts.




Chapter 3
3.1 PassivHaus Overview
	PassivHaus, translated as ‘Passive House, is a rapidly growing energy efficiency certification scheme. A branch of the BRE, the scheme aims to tackle issues relating to the thermal performance of the building.

[image: ]
Figure 3.1: PassivHaus Logo. (PassivHaus, 2017)

The scheme was originally developed by Prof. Bo Adamson of Sweden and Prof. Wolfgang Feist of Germany with the pair piloting the scheme on a ‘house in 1991’; which has now grown to ‘30,000’ in the turn of the century (Passiv Haus, 2017) that reach the passive house standard. The certification is achieved from a fabric first approach, whereby sustainability is tackled by minimising energy usage and conservation through efficient design and mechanical heat recovery systems. This standard of thermal comfort is at a focus point, whilst maintaining a healthy internal space, as defined in ISO 7730, the buildings performance is modelled before a brick has been laid.
3.2 PassivHaus Implementation
	With rising energy costs, as ‘much as 10%’ (U Switch, 2017), and fuel poverty worries have driven the PassivHaus uptake. There are now ‘150’ (Wainwright, O, 2015) passive homes in the UK which achieve the PassivHaus standard with larger schemes being launched internationally, in particular in the Swedish town of Växjö, where high rises have followed the schemes values of energy efficiency which have contributed to a ‘41% reduction of the city's emissions compared to 1993 levels’ (Braw, E. 2014)
The scheme also adapts to that of the retrofitting process, under the EnerPHit certification. Although it is said that these thermal bridges are already existing from previous construction, the additional measures can be made to reduce heating and energy losses.

3.3 PassivHaus Design
	The design of a passive house starts at the early stages of the design process, RIBA Stage 1, and works with the Predicted and Actual energy usage rates of the designed building. The gap between this pre-calculation exercise and post construction measuring process is referred to as the ‘Performance Gap’. With the implementation of BIM in much of construction projects, the Design PassivHaus plugin has been devised to calculate these losses on the virtual model.
[image: ]
Figure 3.2: DesignPH Plugin Process. (PassivHaus Institute. 2017)

The outcome of these early calculations can indirectly influence the design of the building in appearance terms. Orientation and form of the building is a critical factor in the design process, a position within ‘30 degrees of due south’ allows for a ‘40-60%’ (BRE, No Date) reduction of heating demands. The area to volume ratio is also calculated as smaller, compact buildings achieve significantly less heat than larger counterparts, a ratio of ‘≤ 0.7m²/ m³‘ (BRE, No Date). In summary, Passive Houses follow these basic design principles:
[image: ]
Figure 3.3: Design Principe for PassivHaus. (PassivHaus Institute. 2017)


3.2 PassivHaus Materials
	The dominating material behind a passive house design is its insulation, from mineral wool to EPS, the specification of this material is crucial to achieving the following U values to achieve the certification:
	Element
	Suggested U Value for PH

	Walls, Floors and Roofs
	≤ 0.15 W/m²K

	Window Installation
	≤ 0.85 W/m²K



(BRE, No Date)

The junction between these materials is often where heat leaks through cold bridges; window reveals, floor junctions and at the eaves are all areas that suffer excessive heat losses. To maintain thermal continuity in the building envelope all junctions should be sealed, as Architect and PassivHaus designer Elrond Burrell states, ‘Thermal bridge free construction is essential for PassivHaus buildings to deliver radical energy efficiency and exceptional comfort’ (E, Burrell. 2015)

Chapter 4
4.1 BREEAM-PassivHaus Conclusion
	The outcrops of the BRE, BREEAM and PassivHaus, both share similar characteristics and sustainability visions. However, it is the measures of sustainability which vary in the greatest respects; in the forms of qualitative and quantitative measures. BREEAM offers an insight of the cumulative sustainability of a development, in an attempt to achieve sustainable equilibrium, the scheme measures qualitatively the impact of the building, from Life Cycle costs to the health and well-being of its inhabitants. PassivHaus on the other hand focuses directly on the buildings thermal performance to improve the sustainability of the building through reduced running costs, in terms of thermal efficiency of the building envelope.
With the focus on fabric and design of the façade in the PassivHaus certification, there is the argument that architecture loses its context owing to the attempts to achieve high thermal performance. As defined by Architect Piers Taylor, ‘It's a one-size-fits-all approach, which can make you blind to the specifics of making each home appropriate to its context.’ (Wainwright, O, 2015)
BREEAM has said to have its flaws however, particularity to the measures of sustainability tested. As the certification process involves the provision of evidence for the award of credits, the core issue of environmental performance is said to have been neglected, therefore some see the scheme as a ‘box ticking exercise rather than as a design tool’ (Diamond, R. 2011).
As sustainability is a broad topic, the implementation of both schemes to tackle the wider issues may be a possible recommendation for future development – particularity as a crossover of BREEAM and PassivHaus. This has proved effective at the Enterprise Centre in the University of East Anglia. The ‘£11.6M’ building took ‘1 year and 6 months’ to achieve and has achieved both PassivHaus and BREEAM certification. Clay Plaster and a ‘100% recycled sub base’ (Morgan Sindall Construction, 2017) are just some of the sustainable materials used in the project. The building was also thermally modelled over an ‘87-year lifespan’ (Architype, 2017) using the DesignPH software, which has aided the high thermal efficiency and comfort levels to achieve PassivHaus standards. The use of these two schemes in collaboration has not only provided a highly efficient and sustainable building, but tackled many issues which are often not considered during the normal design process.
[image: C:\Users\p145687\Downloads\UEA_4.jpg]
Figure 4.1: The Enterprise Centre, UEA. (Morgan Sindall Construction. 2017)
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