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Structural Sustainability Report	Comment by IStructE: <CLICK TO VIEW THE FULL COMMENT>

This document provides a template for the ‘Sustainability Report’ outlined in the IStructE Structural Plan of Work 2020 (SPOW), enabling structural engineers to consider, report and inform on sustainability measures and impacts of their projects. 

The accompanying SPOW Sustainability Checklist should be used to inform the writing of this report. The checklist provides key guidance for consideration throughout the design process, enabling decisions to be made with sustainability and low-carbon outcomes in mind.

The checklist may also be used to aid in developing the scope of works for the project and ensuring that time and resource are made available for undertaking the tasks required. 

The report should be started at the earliest possible stage and updated throughout the design and construction process, passed onto relevant parties as necessary.

The key aims of this document are to: 
Provide a standard scope for sustainability reporting to ensure alignment across the profession and encouraging adoption by clients;
Drive best practice through the use of IStructE and other publications and guidance, using links provided in the template;
Record design decisions, principles and development that drive towards a highly sustainable structure during construction and use, and maximising extension of life through circular economy principles;
Inform those constructing, using, retrofitting, and deconstructing the structure, so that they can unlock every environmental benefit enabled by the design;
Promote the sustainable specification and procurement of materials, and consideration of sustainability in tendering processes.

It is recommended this document is presented within the Project Design Report, or as a standalone Sustainability Report.
[bookmark: _Toc106216106]Template for use by structural engineers 	Comment by IStructE: Text is shown in different formats within this document as follows:

   Text shown in black is recommended text that the engineer can use as a starting-point when writing their sustainability report. The engineer should review this text in full prior to publishing the report, ensure that it is relevant and incorporated in their project, and check that it is aligned with current best-practice sustainability thinking.

   [ Green boxes are placeholders for the engineer to record information specific to the project and report section ]
V1 – 4 May 2022	Comment by IStructE: As well as those referenced in the report, we recommend referring to the following resources: 
IStructE Climate Emergency Website    
IStructE Sustainability Resource Map 
IStructE Structural Plan of Work
IStructE How to Calculate Embodied Carbon 
IStructE The Structural Carbon Tool    
IStructE Design for Zero    
LETI Design Guide 
LETI Carbon Primer
LETI Targets Alignment  

The Institution of Structural Engineers
	Comment by IStructE: To provide feedback on this template, please email climateemergency@istructe.org with “SPOW Sustainability Report Template” in the subject line. Thank you!
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1. [bookmark: _Toc106216109][bookmark: _Toc106217156][bookmark: _Toc106221785]Introduction	Comment by IStructE: It is recommended to review and edit to this chapter as required, also noting that Section 1.7 requires some input. The aim of this chapter is to set up the report and introduce key terms and references. 

Recommended reading - Sustainability Resource Map 
This report presents the key considerations and actions taken by the structural engineers relating to sustainability on the project, with a focus on achieving a low embodied carbon structure. As the structure is typically responsible for two thirds of the embodied carbon footprint of a building, a low-carbon structure is key to a low-carbon building. 
This introduction gives an overview of the sustainability issues facing the built environment, and their relevance to projects such as this. 
The next section of the report then highlights the importance of establishing an informed brief; which is a key enabler of a low carbon solution, embedding sustainability at the heart of the decision-making process. 
To maximise transparency and allow verification of industry alignment, the carbon calculation methodology is then outlined, and the carbon targets and results presented.
The latter part of the report focuses on the design and construction approach taken to achieve the desired low carbon outcomes. 
Other reports by the rest of the design team include other sustainability outcomes related to the project, that the structural engineer may have had input towards.
[bookmark: _Toc106216110][bookmark: _Toc106217157][bookmark: _Toc106221786]The United Nations Sustainable Development Goals 
The United Nations (UN) Sustainable Development Goals (SDGs) are 17 interlinked global goals that exist to ensure that countries are coordinated when mobilising efforts to end poverty, fight inequality and tackle climate change – a "blueprint to achieve a better and more sustainable future for all". The UN SDGs came into force in 2016, and are adopted and recognised by all 193 UN member countries around the world. 
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Figure 1 - UNSDGs[footnoteRef:1] [1:  https://www.un.org/en/ ] 





This report focuses primarily on SDGs 9 (Industry, Innovation and Infrastructure), 11 (Sustainable Cities and Communities),12 (Responsible Consumption) and 13 (Climate Action). These are the goals which through the design and construction phases of a project, the structural engineers have the most significant impact on. 
However, the importance of all 17 goals must be stressed, and wider sustainability considerations addressed throughout the project. In some cases, increased carbon emissions may be well justified by the significant contributions to other SDGs, and this should be respected. 
[bookmark: _Toc106216111][bookmark: _Toc106217158][bookmark: _Toc106221787]The climate emergency
In May 2019, the UK Parliament passed a motion declaring a climate emergency. Globally, buildings and construction account for nearly 40% of energy-related carbon dioxide (CO2) emissions[footnoteRef:2].  [2:  https://www.unep.org/resources/report/2021-global-status-report-buildings-and-construction] 

However, construction of the built environment is also necessary to improve and protect lives. Therefore those responsible for funding, designing, building and operating this built environment must ensure that emissions are minimised, whilst also maximising the societal benefits of the built environment. 
Structural engineers have recognised this challenge, with many practices joining ours in declaring a climate and biodiversity emergency as part of the global Built Environment Declares movement[footnoteRef:3].  [3:  Refer to: https://builtenvironmentdeclares.com/ ] 

[bookmark: _Ref97302075][bookmark: _Toc106216112][bookmark: _Toc106217159][bookmark: _Toc106221788]Whole life carbon
The impact that buildings and construction have on climate is a result of greenhouse gas emissions which occur at several stages of a building’s life cycle. These life-cycle stages and modules are demonstrated in Figure 3.
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[bookmark: _Ref97130924]Figure 2 – Lifecycle modules in a whole life carbon assessment[footnoteRef:4] [4:  https://www.istructe.org/resources/guidance/design-for-zero/ ] 


As shown, the lifecycle is broken down into four key stages (product, construction, use, and end of life) that cover emissions during the life cycle of the building.  
These stages are broken down into modules, which are classified as either embodied carbon (A1-A5, B1-B5, C1-C4) or operational carbon (B6,B7) emissions, as shown in Figure 4. An additional module (module D) represents emissions or savings beyond the life cycle of the building.
The focus of this report will be on embodied carbon emissions, as this is what structural design predominantly impacts.
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[bookmark: _Ref97130947]Figure 3: Whole life carbon is the sum of all embodied carbon and operational carbon emissions for an asset

When considering the breakdown of whole life carbon of a building, the proportions of embodied and operational carbon vary, and are changing over time. 
Operational carbon emissions are mainly dependent on the power network and the use of gas – so grid decarbonisation has significantly reduced operational carbon emissions over recent years, and will continue to do so, along with moving away from gas boilers and taking steps to reduce energy demand (e.g. insulation, passive design, LED lighting).   
Contrastingly, embodied carbon emissions are mainly dependent on fossil fuel based industrial processes such as mining, refinement and heavy transportation, as well as CO2 emitting chemical reactions such as the production of Ordinary Portland cement. In fact, only 15% of embodied carbon emissions are estimated to be caused by electricity demand, so grid decarbonisation has a much less significant impact on these emissions. 
As such, embodied carbon is responsible for an increasing proportion of whole life carbon emissions of buildings – highlighting the importance of reducing embodied carbon (refer to Figure 5).

[bookmark: _Ref97130988]  [image: Chart, pie chart
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Figure 4: During its lifetime, a modern low-energy building can emit more embodied carbon than operational[footnoteRef:5] [5:  https://www.leti.london/ecp ] 



[bookmark: _Ref97302096][bookmark: _Toc106216113][bookmark: _Toc106217160][bookmark: _Toc106221789]Net zero carbon	Comment by IStructE: Note that most definitions require some form of carbon reduction to take place prior to offsetting, in order to claim “Net Zero”. Whilst the definition of Net Zero published in the article Climate Jargon Buster advocates for minimising emissions as far as possible, it is recognised that the rest of the UK Built Environment is calling for ‘local targets’ to be met. As such, the definition in this document has been updated to align with this wider industry consensus.

The UK Net Zero Carbon Buildings Standard referenced below will be published in early 2023, and will likely define such embodied carbon and operational energy targets/limits. Until this Standard has been published, it is recommended that the LETI Carbon Targets document referenced below is used to identify project targets. More information is given in Section 2.3, Carbon Targets.

Recommended reading –
IStructE – The Hierarchy of Net Zero Design
IStructE – A Short Guide to Offsetting
UK Net Zero Carbon Buildings Standard
LETI Carbon Targets
A net-zero-carbon asset is one where the asset-related GHG emissions, both operational and embodied, over its lifecycle (all modules shown in Figure 3), are minimised to meet local carbon targets, and are then offset in their entirety.[footnoteRef:6]  [6:  This definition is based on the definition at https://www.istructe.org/journal/volumes/volume-99-(2021)/issue-6/climate-jargon-buster/, but with the additional requirement to meet local carbon targets, in alignment with the definition agreed by the broader built environment industry in the UK.] 

In the short term, the use of offsets can enable net zero at a local scale (e.g. on a project), with greenhouse gas emissions reductions or removals being used to ‘balance’ the emissions due to the asset being offset. 
However, the offsetting of all global emissions is not currently possible due to scale, and therefore significant reductions of emissions are required to achieve net zero globally. For more information on offsetting refer to ‘A short guide to carbon offsetting’[footnoteRef:7] [7:  https://www.istructe.org/journal/volumes/volume-99-(2021)/issue-7/a-short-guide-to-carbon-offsetting/ ] 

Further, the timescale at which we achieve net zero carbon is vital, as the cumulative emissions between now and then will directly impact the peak warming the climate will experience. The IPCC have estimated how much more carbon our atmosphere can hold before it is likely that 1.5°C of global warming will be exceeded – and from this have specified that global emissions must halve by 2030, and drop to net zero by 2050[footnoteRef:8] [8:  https://www.ipcc.ch/sr15/ ] 

As a result of these drivers, there is a need to rapidly minimise project emissions, following the hierarchy in Figure 5 which is the focus of this report. 
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[bookmark: _Ref99118687]Figure 5: The IStructE hierarchy of net zero design (adapted from PAS 2080)[footnoteRef:9]  [9:   https://www.istructe.org/resources/blog/the-hierarchy-of-net-zero-design/ ] 




[bookmark: _Toc106216114][bookmark: _Toc106217161][bookmark: _Toc106221790]Circular economy	Comment by IStructE: Guiding strategy for adoption of circular economy principles may be taken from the Greater London Authority’s New London Plan 2021 - Circular Economy Statement Guidance. 

The LETI Circular Economy one-pager also provides a quick overview of the principles. 

The IStructE aims to release a guide on Circular Economy Design for Structural Engineers in early 2023.  
A circular economy is one where resources are kept in use for as long as possible, extracting the maximum value from them while in use, and recovering and regenerating them at the end of their service life – thus reducing demand for new material production which is energy intensive and environmentally damaging.
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Figure 6: Material flows in a circular economy - both today and in the future[footnoteRef:10] [10:  https://www.leti.london/circulareconomy1pager ] 


It is recognised that globally, a circular economy must replace the traditional linear economy in which we extract, use and waste material at end of life.
Circular economy thinking can be used to minimise carbon and energy emissions today by reusing existing materials rather than extracting and using new raw materials. Currently, the construction industry typically relies on new structural materials and the uptake of re-used materials is low – a significant area of improvement for all projects to address. 
As well as re-using materials now, we must also consider how today’s materials can feed into a circular economy in the future. Designing buildings to be deconstructed is one way in which the value of today’s materials can be maximised in the future, and increases the value of assets.
It is worth noting that it can be hard to balance today’s carbon emissions with circular economy principles. Some design options that maximise future value will increase today’s emissions (e.g. through a less efficient design). It is important to carefully consider the building’s use and design life when designing to optimise the balance between emissions and circular economy principles. 




[bookmark: _Toc106216115][bookmark: _Toc106217162][bookmark: _Toc106221791]Biodiversity	Comment by IStructE: Whilst this may not involve the structural engineer’s input on every project, they may be required to feed into related activities, such as the writing of the Biodiversity Action Plan, or assessing the design implications of green roof and wall systems. 

It is therefore important to be able to communicate biodiversity implications alongside carbon implications.  

The structural engineer’s biggest impact on biodiversity will likely come from enabling the reuse of existing structures, minimising the use of new land for developments, and through the careful specification of new materials. 

Recommended reading - Addressing the Biodiversity Emergency 
The Climate Emergency and Biodiversity Crisis are interlinked. Climate breakdown is a driver of biodiversity loss, which in turn increases the rate at which our climate breaks down. It is vital therefore that biodiversity is tackled alongside carbon emissions.
Every building project has a wider environmental impact, both on and beyond the site. A project’s impact on the biodiversity is often significant, and the design should minimise biodiversity loss, or better still result in a biodiversity net gain.
Whilst the design of the structure may not always offer chances to enhance biodiversity on a project, there are many opportunities to reduce biodiversity loss both on-site and beyond (e.g. at the sourcing locations of materials used). Biodiversity loss can be minimised through reusing existing buildings/materials, responsibly sourcing of new materials, and ensuring that parties such as the ecologist and contractor are collaborating with the structural design team. 
[bookmark: _Toc106216116][bookmark: _Toc106217163][bookmark: _Toc106221792]Client ambitions and policy requirements 	Comment by IStructE: There is a growing adoption of regulations, policy and standards which may affect the requirements of the project, as well as the Client commitments. 

We recommend discussing this at early stages with the Client to gain a better understanding of their commitments and aims (using their Corporate Social Responsibility Statements and other public commitments to guide the conversation). The outcomes are much more likely to be achieved through discussion with the Client – working to understand their needs, and demonstrating how the sustainable design fits with this. 

A non-exhaustive list of some policy requirements in the UK is provided below that may be used for reference and can be included in the box above where relevant. 

However, make sure to consult sustainability and planning advisors to understand the exact needs. Note, if there are no specific policy requirements, we advocate using the GLA SI2 requirements for energy and carbon assessments which are current best in class and SI7 requirements for circular economy assessments. 

Accreditation – BREEAM and LEED both contain requirements for undertaking whole life cycle analysis, responsible material sourcing, minimising waste, and consideration of impacts of climate change.

Policy – Some local policies now require whole life carbon assessments to be undertaken. The GLA New London Plan 2021 SI 2 requirements are comprehensive and provide supporting guidance for WLC assessments and Circular Economy statments. Others requiring carbon assessment include Greater Manchester Local Authority Policy GM-S 2.

Standards – Expect Standards to be introduced in the coming years requiring whole life carbon limits/ targets to be met, including those currently in development for the public healthcare sector and Scottish public buildings.

Regulations – The Department for Levelling Up, Housing and Communities (DLUHC, who are responsible for building regulations in the UK) have staff working on policy around whole life carbon. Part Z is an industry-led proposal with strong industry backing, calling for building regulations to be updated to introduce whole life-cycle carbon reporting and reduction.

Recommended Reading - UKGBC - Commercial Playbook
This project should meet your sustainability ambitions in line with your Corporate Social Responsibility Statements and wider commitments (e.g. Science Based Targets initiative) made to align with national legislation for achieving net zero. 
The project must also meet requirements dictated by local and national planning policy and regulation and be resilient to future changes which may impact on planning approval as well as reputational impacts. 
The following provides a summary of the requirements agreed for the Project to meet these ambitions and requirements.

	[bookmark: _Hlk93073705]






1. [bookmark: _Toc72617304][bookmark: _Toc72689301][bookmark: _Toc106216117][bookmark: _Toc106217164][bookmark: _Toc106221793]The Brief	Comment by IStructE: This section sets out the ways in which the engineer wishes to influence the brief, to enable the design team to therefore achieve lower-carbon results. Note that this is different to Section 4 which focuses on what the engineer has then done to create a lower-carbon design as a solution to the agreed brief.

At early design stages, this section of the report is the most important, as it sets the direction for the rest of the project.
The project brief is more than just a set of client requirements. It sets the outcomes that the design must satisfy, and the principles to which design and construction must be aligned. This has a significant impact on the carbon intensity of the design, as it governs the material usage that is required. 
The underlying principle to achieving the lowest carbon solutions is to satisfy the Client’s desired outcomes with less material, with the most significant carbon reduction potential in earlier design stages where key decisions (such as choosing to refurbish rather than to demolish and rebuild) will have the largest carbon saving potential. 
Figure 6 shows how early decisions can result in the highest reduction in carbon. This aligns with the right-hand triangle in Figure 5, which highlights how strategic decisions such as reuse and size of building (taken at planning stage) will lead to more significant carbon savings than detailed decisions such as designing and constructing efficiently. 
This section therefore outlines the key decisions made on this project to develop a brief that enables a low carbon solution.
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[bookmark: _Ref99118497]Figure 7: The highest carbon reduction potential comes with the earliest decisions[footnoteRef:11] [11:  https://www.istructe.org/resources/guidance/how-to-calculate-embodied-carbon/ ] 

1. [bookmark: _Ref97297020][bookmark: _Toc106216118][bookmark: _Toc106217165][bookmark: _Toc106221794]Maximising reuse opportunities	Comment by IStructE: This section should consider the various potentials for reuse. Firstly, what opportunities are there to better utilise existing assets in the Client’s ownership or in the vicinity of the project location? If some form of refurbishment and retrofit is required to do this, then how can that be minimised? Are demolition works planned that could be avoided? Does the existing building offer the potential of vertical extensions to provide additional floor area?

If whole-building reuse isn’t possible, is there an opportunity to reuse the foundations or components of buildings being demolished either on site or from other projects? (e.g. the use of reclaimed steel casings from the oil industry as steel piles). 

It is vital that actions required are captured as there are several additional actions to enable reuse, which may include pre-demolition audits, specialist involvement, testing requirements, additional time/ cost resource etc, and capturing these early increases the likelihood that reuse will be achieved and reduces the risk as the design progresses.

If re-use isn’t possible, make note of any progress and the barriers to address, whilst it may not happen first time a series of learning will enable opportunities on future projects.  

Recommended Reading – 
IStructE - Reuse of Structural Components and Materials,  
IStructE – Introduction to Refurbishment Part 1
IStructE – A short guide to reusing foundations, 
IStructE – enabling steel’s circular economy potential
Reusing existing materials is the best way to reduce embodied carbon (second only to doing no construction at all, refer Figure 5), as the creation of new materials and products is energy- and carbon-intensive. This can range from reusing an entire building to reusing components, with benefits maximised by reusing the largest ‘pieces’ possible (i.e. whole building reuse saves more carbon than dismantling). 
Actions taken on this project to maximise the reuse of existing materials to minimise new material demand have been provided below, as well as the next steps required to maximise the reuse potential and further opportunities to investigate.

Objectives and Actions taken:
	






Next Steps and Opportunities:
	






[bookmark: _Ref97297028][bookmark: _Toc72617307]

[bookmark: _Toc106216119][bookmark: _Toc106217166][bookmark: _Toc106221795][bookmark: _Toc90548868][bookmark: _Toc90548869][bookmark: _Toc90548870][bookmark: _Toc90548871][bookmark: _Toc90548872][bookmark: _Toc90548873][bookmark: _Toc90548874][bookmark: _Toc90548875][bookmark: _Toc90548876][bookmark: _Toc90548877][bookmark: _Toc90548878][bookmark: _Toc90548879][bookmark: _Toc90548880][bookmark: _Toc90548881][bookmark: _Toc90548882][bookmark: _Toc90548883][bookmark: _Toc90548884][bookmark: _Toc90548885][bookmark: _Toc90548886][bookmark: _Toc90548887][bookmark: _Toc90548888][bookmark: _Toc90548889][bookmark: _Toc90548890][bookmark: _Toc90548891][bookmark: _Toc90548892][bookmark: _Toc90548893][bookmark: _Toc90548894][bookmark: _Toc90548895]Enabling low-carbon design	Comment by IStructE: This section aims to tackle key parts of the brief required to enable a lean design. This should include the most impactful decisions affecting carbon, rather than detailed design considerations which can be discussed later in Section 4 of the report. 

The selection of the grid should be discussed with a preference of minimising spans, as well as avoiding transfer structures and large cantilevers which are structurally inefficient. 

The design team should also consider advocating for other changes to the brief that would reduce overall material usage - for example minimising basement requirements, considering the impact of floor heights on structural efficiency, or interrogating loading or serviceability requirements which are prohibitive to lean design (and making recommendations to overcome these). 

For materiality, traditional methods and preferences will be inherent in all stakeholders and these must be challenged where materials are not being used in the best way. 

We recommend that high level carbon studies are undertaken to inform the Client on the impacts of decisions, and link back to their project objectives. Although the final decision may not always be the lowest carbon, ensuring the Client makes an informed decision is key to our roles and duties in the Climate Emergency. 

Recommended Reading –
IStructE - Design for Zero ,
Lean design 10 things to do now,   
MEICON Website 

To maximise the opportunities for low carbon design, the brief has been interrogated to find opportunities to reduce material use whilst still meeting the outcomes of the brief. 
Table 1 outlines the key considerations for achieving a low-carbon design (further information and detail is provided in Section 4):
[bookmark: _Ref97140981]Table 1 - Key Considerations of the Brief which Impact the Low Carbon Potential of the Design
	Consideration 
	Commentary

	1. Structural Grid 
(See Figure 8)
	Permitting reductions in allowable column spacing in the brief will have minor impacts on circulation and flexibility of space use, but will enable the most significant carbon reductions in a design – through understanding the carbon impacts of grid choices we hope that reductions in grid spacing can be considered  

	2. Basements
	Reducing and eliminating basement demand may be achieved though relocating plant and utilising public infrastructure and active travel. Omission of basements will save significant amounts of carbon due to the carbon intensity of basements compared to above ground space and through understanding these impacts we hope that other solutions can be adopted

	3. Floor Heights
	Although not possible for all buildings, small increases in total height will increase structural zone allowances, enabling more efficient solutions and saving carbon. Through highlighting the carbon impacts of different options, we aim to establish an allowance that minimises carbon whilst meeting planning and spatial requirements of the brief. 

	4. Column Alignment
	Permitting columns to run through to foundations (avoid transfer structures) may reduce open space and flexibility at lower levels but saves significant carbon emissions (and cost). Working collaboratively with the architecture team, we will look to present options to minimise transfer structure requirements with minimal impacts on layout flexibility. 

	5. Cantilevers
	Reducing the need for cantilevers such as overhangs and non-enclosed balconies may impact on aesthetics and total GIA but will reduce carbon emissions. Again, we aim to provide solutions than minimise cantilevering structures whilst delivering aesthetic and spatial desirables. 

	6. Loading and Serviceability Requirements
	Ensuring loading and serviceability requirements are to codes ‘and no more’ will save carbon associated with overly conservative allowances provided unnecessarily in some guidance documents [footnoteRef:12]. We will use our technical expertise to advice on requirements that are onerous and add carbon to the solution and ensure these are omitted where possible.  [12:  https://www.meicon.net/ ] 


	7. Materiality
	The materials used on the Project will have a significant impact on carbon emissions. It is imperative that we utilise our available materials by using the right materials, for the right purposes, in the right place.
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[bookmark: _Ref97296654]Figure 8 - The carbon impact of grids – typical values for different grid spans and construction types (not project-specific)	Comment by IStructE: Could be substituted for a project-specific graph if you are able to create one based on initial studies.


The carbon impacts of options relating to the criteria above have been provided below, along with outcomes agreed based on these considerations. Next steps and opportunities to develop these principles though the design phase are outlined. 
The design approach is further detailed in Section 4 based on the principles outlined below.

Results and recommendations from high-level carbon studies on key brief considerations:
	






Next Steps and Opportunities: (note that this links into Section 4 as the design progresses)
	





[bookmark: _Toc106216120][bookmark: _Toc106217167][bookmark: _Toc106221796]Materiality	Comment by IStructE: For most projects, specifying a ‘low-carbon’ version of a material will not lead to real-world carbon savings. For example, the majority of ‘low-carbon’ concretes and steels on the UK market rely on substituting virgin steel with scrap steel, and virgin cement with ‘cement replacements’ (typically waste by-products from coal-powered industries). But globally we consume three times as much steel as exists in scrap form, and eight times as much cement as exists replacements. So if you buy materials that have a higher-than-average amount of cement replacement or scrap steel in it, then your project’s emissions will be lower-than-average, but you’re not reducing global emissions.

As such, the use of ‘consumption average’ embodied carbon factors is advised when running carbon studies to determine which material option to choose for a scheme. 

Recommended reading – 
IStructE - Making Low Carbon Material Choices  
IStructE - Seeing the Bigger Picture

Whilst Figure 5 demonstrates that the biggest opportunity to save carbon comes through reductions in the amount of material used, the choice of material and the structural configuration are linked. For example, shortening the distance between columns could unlock the use of a weaker but lower-carbon material, leading to additional carbon reductions on top of those presented from shortening the grid.
Most buildings in the UK utilise brick and block (housing) or steel and concrete (everything else), however it is possible to build in a far broader range of materials than this – traditional lumber, engineered timber (such as glulam and CLT), earth, straw bale, stone, and so on. It is important that a full pallet of materials is considered, as often the most sustainable solution will also be that which is most suited to the building’s intended use and brief requirements. Material options considered to date, along with possible next steps, are provided below.

Material considerations so far:
	






Next Steps and Opportunities:
	





[bookmark: _Ref99720286][bookmark: _Toc106216121][bookmark: _Toc106217168][bookmark: _Toc106221797]Carbon targets	Comment by IStructE: Setting carbon targets is not only important for alignment to budgets and net zero, but it also helps in elevating the importance of carbon in meetings and enacting behavioural change. 

Given the current trajectory of warning under current policy is to ~3°C by the end of the century, there is a clear need to go beyond policy requirements and establishing carbon targets for the project is a key method of achieving this. 

During 2022, targets should be set based on the LETI targets paper and the structural allowance should be provided in relation to the SCORS rating system. Again, LETI provides a useful breakdown, but typically structural elements contribute 50-70% of upfront emissions – discuss this with the project team at the outset and set a suitable target for structures. It is important to align the targets with the scope (upfront vs whole-life etc.) outlined in the next section. It is worth including in this report both the target for the structure, and the target for the whole-building, to provide the wider context. 

You should also encourage other disciplines to undertake calculations to feed into a whole project assessment (this may well be required in any case based on policy and standards). 

From 2023, it is expected that a UK Net Zero Carbon Buildings Standard will have been published and endorsed by institutions including the IStructE, RIBA, CIBSE, LETI, UKGBC and others. Interim website referenced below. Carbon limits within this standard will replace the LETI targets.  

Recommended Reading –
IStructE- SCORS system 
UK Net Zero Carbon Buildings Standard
LETI Carbon Targets

Carbon targets have been set for this project based on best practice industry guidance provided by the RIBA, LETI and the IStructE. These targets are 1.5°C-aligned, aiming to halve typical industry emissions by 2030 in accordance with Section 1.4. 
The targets for this project are provided below, along with a description of decisions made to derive the structural target from within the overall project target:

	





[bookmark: _Toc106216122][bookmark: _Toc106217169][bookmark: _Toc106221798]Whole-life considerations
“Whole-life carbon” is the total of the carbon emitted today, plus that emitted during the life of the building and at end of life. 
The best designs minimise emissions both today (“upfront carbon”) and over the whole life of the project (“whole-life carbon”). 
When this is not possible, priority is given to reducing upfront carbon due to the urgency of the climate crisis, because these emissions are in our direct control. However, it is usually possible to take some steps to reduce whole-life carbon without significantly increasing upfront carbon.
Whilst Sections 2.1 and 2.2 set out ways in which upfront carbon is minimised, this section outlines measures taken to minimise whole-life carbon based on the expected scenarios for the building’s life. Carbon impacts are presented to ensure an informed decision can be made in terms of balancing whole-life and upfront emissions.
0. [bookmark: _Toc90548898][bookmark: _Toc106216123][bookmark: _Toc106217170][bookmark: _Toc106221799]Flexibility vs adaptability	Comment by IStructE: It is difficult to predict how buildings designed today will be used in the future, and we must be careful not to let ideals about future ‘flexibility’ get in the way of good low-carbon decision making today. 

Focussed conversations should be had at each stage of design to assess what level of certainty the client and design team have about future use changes / load increases etc. If changes/increases are anticipated, then you should explore whether this could be enabled through designing for adaptability (future strengthening or alterations) rather than designing today’s building to support hypothetical additional loading. This requires good records and details to be made and kept to allow future engineers to design for strengthening, retrofitting, and easy disassembly for reuse as part of a circular economy.

The focus of discussions should be on how future change of use can be met without increasing upfront carbon, for example though allowing space below slabs for localised strengthening, drop-out panels (or ‘soft’ zones) for service distribution, additional dampening, or localised disassembly and relocation. Further, keeping elements with different lifespans separated through mechanical fixings can avoid needless demolition and waste (e.g. cladding that can be replaced without any need to alter the supporting structure).

It is important to take a multidiscipline aligned approach to adaptation, i.e. there is no benefit to designing a structure that can be adapted to support higher imposed loads if the building would be unable to accommodate the associated additional building services and/or fire safety provisions for that level of occupancy. 

The IStructE is planning to publish a book on Circular Economy Guidance for Structural Engineers around the end of 2022 which will contain more information and guidance on this topic.

Recommended Reading –
GLA Circular Economy Primer , 
IStructE – Applying circular principles to the design process
Structures must not be overdesigned in order to add hypothetical “future flexibility” (e.g additional strength or distance between columns) which would increase upfront carbon. 
The exception to this is where anticipated future use scenarios are either extremely likely, and/or occur in the near future. Some building types have more certain futures than others, and so the question of future use must be considered for each new project on a case by case basis.
Given that most buildings have an unknown future, a strategic approach to future adaption is usually preferred to enable the structure to be modified later in its life (e.g. strengthened) to maximise future value, use and longevity. This approach is more material efficient, acknowledges that future materials will be lower carbon than todays, and mitigates the climate impact of accumulative greenhouse gas emissions by delaying intervention to a time when materials are available with a lower environmental impact.
The strategic approach towards adaptability and the actions taken to realise this strategy on this project are provided below.

Objectives and Actions taken:
	






Next Steps:
	








[bookmark: _Toc106216124][bookmark: _Toc106217171][bookmark: _Toc106221800]Durability and circularity	Comment by IStructE: It is important to consider the building typology, ownership and intended design life when deciding on the approach to end of life. 

Durability may be a priority where the design life is high (e.g. more than 60 years), and when there is a high certainty of reaching (or exceeding) the specified design life (e.g. publicly owned assets, residential buildings etc.). As structural elements have the longest expected life within a building, a focus on durability is of course important for most elements. 

Design for disassembly and reuse principles may be a priority where there is a shorter design life (e.g. less than 30 years) or high likelihood of buildings being decommissioned on or before their intended design life (e.g. temporary structures, stadia, some commercial buildings etc.). 

However, it is good practice to consider disassembly for all building types at the design stage, as this will help the world transition towards a more circular economy. 

There is a need to balance certainty of carbon emissions today with potential savings down the line brought about through these principles. For example, there may be carbon efficiencies in the design to using composite construction, but this is more prohibitive to disassembly and reuse. The decision to use (or not use) composite construction therefore depends on the level of certainty of achieving a long life. 

The end-of-life considerations also have a large impact on the suitability of timber, as sequestered carbon will often be released to the atmosphere at end-of-life if the elements cannot be reused. Timber and other biogenic materials therefore have a double benefit of reuse: emissions in Module C are typically high if timber is burned or goes to landfill, so if these are prevented at end of life the sequestration benefits are fully realised, in addition to the benefits of not requiring new materials for the future building projects. 

Finally, it must be noted that the future is uncertain and perceived benefits to designing for durability or reuse may not be realised, so changes made to the design should be subtle and only increase upfront carbon slightly (e.g. connections simplified, concrete members using slightly higher cover, etc). It is recommended to report any carbon increases due to these decisions to the client, along with what has been enabled due to that increase – to allow “value for carbon” to be assessed.

Recommended reading - GLA - Circular Economy Statement Guidance 

It is important to extend the life of our building materials to reduce demand both in the present and the future. This is particularly true of timber, which emits its stored carbon back into the atmosphere at the end of its life unless it is reused.
Two key methods of achieving this are through creating durable, adaptable and resilient buildings; and ensuring that buildings are designed and constructed in such a way that the elements can be recovered and reused if the building is not required in the future. 
In both cases, upfront carbon may increase slightly to achieve these goals, so careful consideration is required to balance longevity and/or reusability with this increase in upfront carbon, using quantification to inform this decision. 
Inspections, maintenance, and repair are key parts of a successful strategy to extend the useful life of buildings and it is important to ensure the post construction documentation, including the facilities management plan, reflects the decisions made through the design and construction process, reported herein. 
The approach taken on this project to extend the life of the building and associated materials has been summarised below along with the carbon impacts of such decisions. Actions for the next design stage are also outlined.

Objectives and Actions taken:
	






Next Steps:
	








[bookmark: _Toc90548901][bookmark: _Toc106216125][bookmark: _Toc106217172][bookmark: _Toc106221801]Resilience to climate change	Comment by IStructE: There may be increased upfront carbon to design for more intense weather projections, especially on sensitive buildings such a lightweight structures with dominant openings, and of course incorporation of flood defence and protection. There is also a risk that damage will require replacement and repair which will increase embodied carbon in Module B. 

This section should discuss measures taken to meet resilience requirements with minimal increase on upfront carbon emissions, and efforts made to minimise the risk of Module B emissions. Note that the different aspects of climatic changes are understood to different level, with predicted wind loading changes currently being poorly understood. We recommend consulting experts in risk and resilience to review impacts. It is not recommended to add resilience blindly or unnecessarily - designers must make informed decisions due to the potential impact on material usage (and increased upfront carbon) from this activity. 

Note that whilst all sections of this report must consider other disciplines, climate change has a significant impact on the façade design and approach, and we recommend incorporating the approaches and considerations made for the façade in this section of the report. 

Recommended Reading – 
IStructE - Resilience based Design, 
Lean yet Resilient, 
Met Office - Future Climate Projections
Climate change is already having significant impacts on weather systems, which will only intensify as global temperatures rise. This means that our buildings need to be designed to be resilient against future climatic changes, such as increased temperature extremes (higher summer and/or lower winter temperatures), increased precipitation (including increased snow loads), increased frequency of storm events and associated wind loads, and an increased risk of flooding. 
The different aspects of climatic changes are understood to different levels – for example sea level rise (and associated flood risk) is understood quite well, with predictions backed by significant research and modelling – whilst increases in wind loading are not yet well understood and require more research. 
As such, for many aspects of resilience, again a strategic approach to future adaption is preferred.
The boxes below summarise the efforts made to design for resilience against these risks. 

Objectives and Actions taken:
	






Next Steps:
	








[bookmark: _Toc90548903][bookmark: _Toc90548904][bookmark: _Toc106216126][bookmark: _Toc106217173][bookmark: _Toc106221802]Innovation 	Comment by IStructE: This section could cover a wide range of topics, but it is key that the focus remains on sustainability and carbon in relation to the approaches adopted. For example, an offsite-manufacturing solution could be higher or lower in upfront carbon than an on-site traditional approach. The difference should be calculated, and highlighted in the boxes below. 

It is particularly important to capture next steps and opportunities here at early stages in relation to the solutions presented. Innovative solutions generally have significant barriers to entry and risk that will need to be effectively managed. 

It is therefore important to highlight these risks, propose how they can be managed, ensure allowance is made for the increased time required, and ensure specialist skills are brought into the team. The client may often need to appoint contractors and consultants earlier than they would typically be engaged when working with commonplace materials and methods.

Recommended Reading – 
IStructE - Innovation in Engineering, 
IStructE - Scaling Low Carbon Construction Materials 
IStructE – Innovation for a Zero Carbon World
Innovation is crucial to developing lower carbon solutions to traditional approaches used in construction. Innovation is a broad term, and includes design (e.g. parametric design), construction techniques (e.g. modern methods of construction, MMC), materials (e.g. nature based solutions), systems based thinking (e.g. approaches to procurement and insurance challenges), and more. 
Innovations do not always result in carbon reductions, and so the carbon impacts of such interventions are assessed as part of the decision-making process. Sometimes a higher-carbon solution may be trialled if it is highly likely that such a trial would lead to future carbon reductions once the innovation is scaled onto other projects. 
The approaches taken to include innovative solutions on this project to reduce carbon are provided below, along with the proposed next steps to overcome the additional challenges associated with innovative approaches.

Objectives and Actions taken:
	






Next Steps and Opportunities:
	





[bookmark: _Toc106216127][bookmark: _Toc106217174][bookmark: _Toc106221803]Wider sustainability considerations	Comment by IStructE: Conversations should be held at the start of the project to identify the breadth of opportunities available to align the project with the UN SDGs. 

In terms of the structural engineering, this may include aspects such as specifying materials to minimise negative biodiversity impacts, ensuring the use of ethical labour, maximising local employment opportunities, utilising construction to provide training opportunities. 

Use this box to outline capture key opportunities that have been identified beyond ‘business as usual’ so that they are recognised and acted upon throughout the design and construction process.  

Recommended reading – A Targeted Approach to the UN Sustainable Development Goals
The main aspect of sustainability that is impacted by the construction of building structures is the emission of greenhouse gases (‘carbon’). As such, the majority of this report focusses on ways in which the project has been engineered to reduce such carbon emissions.
However, the project’s overall impact reaches beyond carbon emissions, affecting other UN SDGs (as shown in Section 1.1). Alignment with schemes such as the Living Building Challenge could also be used to demonstrate a breadth of sustainability aspirations relevant to the built environment.
The box below summarises efforts made to ensure that the project has benefits beyond carbon.
	





[bookmark: _Toc90548906][bookmark: _Toc90548907][bookmark: _Toc90548908][bookmark: _Toc90548909][bookmark: _Toc90548910]

2. [bookmark: _Toc106216128][bookmark: _Toc106217175][bookmark: _Toc106221804]Carbon Calculations	Comment by IStructE: This section sets out the agreed criteria around carbon calculations to ensure that the design team understands the engineer’s approach and assumptions.
2. [bookmark: _Ref97135331][bookmark: _Toc106216129][bookmark: _Toc106217176][bookmark: _Toc106221805]Carbon Targets
As a reminder, the structural carbon targets for this project are replicated from Section 2.3 in the box below: 
	





[bookmark: _Ref99722503][bookmark: _Toc106216130][bookmark: _Toc106217177][bookmark: _Toc106221806]Calculation methodology
The calculations have been undertaken in line with the following standards and industry guidance:
· BS EN 15978:2011 - Sustainability of construction works. Assessment of environmental performance of buildings. Calculation method
· RICS: Whole Life Carbon Assessment for the Built Environment (2017)
· IStructE: How to Calculate Embodied Carbon 2nd Edition (2022)
1. [bookmark: _Toc90548913][bookmark: _Toc90548914][bookmark: _Toc90548915][bookmark: _Toc90548916][bookmark: _Toc90548917][bookmark: _Toc106216131][bookmark: _Toc106217178][bookmark: _Toc106221807]Accuracy and uncertainty
The calculations follow best practice recommendations using the guidance outlined above. 
However, there is uncertainty in the calculations, partly due to level of known detail on quantities, but also due to availability of carbon data and known variations in carbon emissions between different potential materials suppliers. 
As such, the carbon emissions presented here should be treated as a carbon estimation, similar to cost estimations, with a range of uncertainty that decreases through the project as more details are known. Decisions should be made with consideration given to this uncertainty.


[bookmark: _Toc90548919][bookmark: _Toc106216132][bookmark: _Toc106217179][bookmark: _Toc106221808]Scope 	Comment by IStructE: The scope should cover Stages A1-A5 as a minimum – this is in accordance with both the RICS and IStructE guidance above. 

If using The Structural Carbon Tool, other stages will automatically be accounted for too.

For structural components, most emissions will occur in Modules A1-A5. Materials with biogenic carbon (e.g. timber) will have high emissions in Modules C3/C4, to a similar magnitude as the amount of biogenic sequestration. Refer to How to Calculate Embodied Carbon 2nd Edition for an explanation of biogenic carbon.

It is important that when comparing options, like-for-like comparisons are made, e.g. if one scheme uses loadbearing walls and the other has non-structural walls instead, the comparison must consider the walls for both schemes, even though in the latter these aren’t part of the structure. 
The scope of the assessment is provided below in relation to life cycle modules and building elements included. The targets align with this scope. 
Table 2 - LCA Stages included in the assessment.
	Module
	Included (Y/N)

	Biogenic sequestration*
	

	A1-A3 Product
	

	A4 Transport
	

	A5 Construction 
	

	B1-B5 In-Use Embodied
	

	B6-B7 Operational Energy and Water
	 

	C1-C4 End of Life Embodied
	

	D Beyond the Life Cycle
	


*Note that when displaying results for Upfront Carbon (Modules A1-A5 only), biogenic carbon is reported separately in accordance with the standards outlined at the start of Section 3.2.
Table 3 - building elements included in the assessment.
	Element
	Included (Y/N)
	
	Element
	Included (Y/N)

	Demolition Works
	
	
	Loadbearing Walls
	

	External Works
	
	
	Non-loadbearing Walls
	

	Foundations
	
	
	Floor Finishes
	

	Basement 
	
	
	Wall Finishes
	

	Framing
	 
	
	Doors and Windows
	

	Floors
	
	
	Services 
	

	Roof
	
	
	FF&E
	





[bookmark: _Toc106216133][bookmark: _Toc106217180][bookmark: _Toc106221809]Assumptions	Comment by IStructE: It is important to include an allowance for all elements so carbon doesn’t increase in later stages as these are picked up in calculations and modelling. Allowances should be made where quantities haven’t been explicitly calculated yet, for example: steel connections, fire protection, screeds, reinforcement, all components of composite systems (deck, concrete, reinforcement and studs), windposts, secondary systems, stairs etc. 

At early stages, generic carbon factors representative of regional average consumption should be used, and material quantities estimated based on typical average values e.g. for rebar rates. Once the supply chain has been locked-in, then these should be substituted for more specific carbon factors based on the EPDs provided by that supply chain. 

We strongly advise against the use of carbon factors representing higher-than-average rates of cement replacement use or recycled steel content, as this has no benefit on a global scale. Refer to IStructE - Seeing the Bigger Picture for further information. 

Recommended Reading-
IStructE – How to Calculate Embodied Carbon 
IStructE – The Structural Carbon Tool    
IStructE – Setting Carbon Targets (SCORS)
As with other parts of the design process, assumptions are required at early stages of the design which are validated as the design progresses. 
The assumptions used in the assessment are provided below. These have been provided for both material quantities (where these haven’t been accurately calculated) and carbon factors. Where material specifications and product selections are unknown, assumptions have been taken to represent industry average production routes to best inform decisions.
Table 4 - assumptions used for material quantities 
	Element
	Assumptions

	Reinforcement
	

	Connections
	

	Fire Protection
	

	Corrosion Protection
	

	Screeds
	 

	Secondary Steel
	

	Windposts
	

	Stairs
	

	Finishes
	

	Composite Systems
	

	Non-loadbearing Walls
	

	Other
	


Table 5 - Summary of assumptions used to inform the carbon factor selection
	Material
	A1-A3 Assumption
	Other Assumptions

	Concrete
	
	

	Steel
	
	

	Timber
	
	

	Masonry 
	
	

	Other
	
	





[bookmark: _Toc106216134][bookmark: _Toc106217181][bookmark: _Toc106221810]Carbon results	Comment by IStructE: This section allows the designer to present and discuss results. We would recommend using the graphs output by The Structural Carbon Tool, and including:
- Summary by structural element
- Progress against targets (both structural only and wider building targets)
- Comparisons against other projects where possible
- Reductions achieved against baseline
- Opportunities to further reduce
- Other related figures e.g. member utilisation 
The results of the carbon assessment undertaken at this stage are presented below.
	








[bookmark: _Toc72617318][bookmark: _Toc72689310]

3. [bookmark: _Toc106216135][bookmark: _Toc106217182][bookmark: _Toc106221811]Design approach	Comment by IStructE: This section should not be used to simply replicate information already in the design statement, e.g. loading used for all elements.

It is to be used to provide decisions and studies that focus on carbon reduction (e.g. the impact of reduced loading on carbon in floor slabs, or the impact on better grid configurations on carbon in beams) which has been used to inform the final design. 

In the sections below, key opportunities and ideas are provided, but these are by no means exhaustive or necessarily practical for every project, so additional thought is required around these general subheadings. 
This section highlights the measures taken by the design team to achieve the carbon target established in Section 2.3 for the project. There are many opportunities which are discussed in this section, which vary in the impact that they have. This is linked intrinsically to the carbon contributions of the various systems that make up the structural solution, broadly categorised as beams, floors, columns, walls and foundations. 
In typical buildings, floors contribute most to the total structural carbon (see Figure 11), and therefore focusing on the reduction of spans and enabling efficient floor forms (e.g. ribbed slabs which are more materially efficient than flat slabs) will have a large impact on carbon savings. Further, the mass of the floors impacts on all other structural elements which support them.

[image: ]
[bookmark: _Ref97302750]Figure 9 – Typical distribution of embodied carbon within structure[footnoteRef:13] [13:  https://www.istructe.org/journal/volumes/volume-98-(2020)/issue-8/lean-design-10-things-to-do-now/ ] 


Through assessing the impacts of the multiple opportunities, we have prioritised design time and effort on the activities which provide the most significant carbon reductions. 







3. [bookmark: _Ref99725315][bookmark: _Toc106216136][bookmark: _Toc106217183][bookmark: _Toc106221812][bookmark: _Toc72689311]Configuration	Comment by IStructE: This section should include an overview of studies and considerations of grids, layouts, geometry, and floor depths which will require close collaboration with the architects and building services engineers to ensure structural carbon impacts of their decisions are clearly discussed. 

This section may include grid studies, including both spans and alignment through the structure to minimise transfers. 

Whilst this section is intended to be largely separated from any discussion on materials, it may be that certain decisions (shorter spans, deeper structural zones, zero transfers) enable the use of materials that are less strong/stiff but also lower-carbon, resulting in a step-change in emissions. This should be highlighted where it is the case.

The consideration of standardisation to reduce waste and unlock opportunities to use modern methods of construction may also be presented and carbon impacts compared to other options. 

It is important to consider also the impact on other disciplines, e.g. efficient layouts of cores and vertical systems and the location of plant will impact the amount of distribution systems. The location of heavy plant and sensitive equipment should be discussed at early stages with preference to providing space at ground level. 

For example, the selection of floor-to-floor heights is a key consideration which impacts all disciplines, so a holistic carbon assessment of options and impacts is required to understand the best approach and ensure the structural engineer isn’t locked in to provide a highly inefficient thin floor/ beam solution due to spatial restraints. 

Recommended Reading – 
IStructE – Design for Zero
IStructE - What do we mean by efficiency?  
IStructE - Lean Design - 10 Things to do Now

The configuration of the building (layout, geometry, grids) is likely to have the largest impact on the carbon footprint of any new structure, as this limits the potential best-case outcome and options available. The boxes below summarise the considerations made on this project into possible building configurations and the impacts of potential options in relation to carbon. 

Objectives and Actions taken:
	






Next Steps and Opportunities:
	





[bookmark: _Toc106216137][bookmark: _Toc106217184][bookmark: _Toc106221813]Structural solutions	Comment by IStructE: This section should provide an overview of studies undertaken within the parameters set by the building configuration. Although this is somewhat iterative, this section aims to focus specifically on options for individual components of the building – floor systems, foundation options, retaining wall or façade types, and compare their carbon impacts.  

The impacts between decisions made on different components should also be considered (e.g. if the lowest-carbon superstructure option leads to a higher-carbon foundation system, then the overall increase/decrease in carbon needs to be determined compared to other options). 

Another consideration for like for like assessments is where systems have dual purposes (e.g. loadbearing masonry also serves the role of façade and partitions, so if compared against a steel frame, calculations must be undertaken holistically to include the alternative façade and partitions in addition to the structure to properly understand the difference in impact. 
In addition to comparing configurations, a comparison of structural systems has also been made, considering material choices, manufacturing methods and construction techniques. The carbon impacts of key structural solutions have been assessed in this section, to provide a sustainability metric that can be used alongside considerations such as cost, programme and aesthetics to determine the most suitable approach for the project. 
The options have been considered holistically to understand the trade-offs of certain solutions, e.g. the lowest carbon superstructure solution may not lead to the lowest carbon substructure solution, so both must be considered together to understand the lowest carbon total solution.  
The boxes below summarise the carbon impacts of the proposed structural solutions for the scheme.

Objectives and Actions taken:
	






Next Steps and Opportunities:
	




[bookmark: _Toc106216138][bookmark: _Toc106217185][bookmark: _Toc106221814]Design criteria
The design criteria (e.g. load-carrying capacity, movement requirements etc.) used for the structural design directly impacts the amount of material required and therefore the carbon emissions, for all configurations and options. 
Whilst design criteria are often stipulated or recommended from codes and standards, there is also a significant amount of interpretation required. Through considering realistic connotations of design assumptions and requirements, the design criteria may be more accurately defined which in turn may unlock carbon savings.  
The sections below therefore summarise the key considerations relating to accurately defining criteria, and the design approaches taken to making these criteria as carbon-efficient as possible.
2. [bookmark: _Ref99725395][bookmark: _Toc106216139][bookmark: _Toc106217186][bookmark: _Toc106221815]Strength (loading requirements)	Comment by IStructE: Loads should avoid exceeding the requirements of the local design codes wherever possible. Permanent loads and partition allowances should be accurately assessed based on systems used as the design develops. 

Variable loads should not exceed recommended values in codes and should be challenged where unrealistically high values are taken for perceived flexibility benefits. Wind, snow and thermal loads should align with resilience requirements, with detailed modelling and specialist involvement sought for more complex projects which may allow reductions to be used. 

In addition, load combinations should not be conservative (e.g. reduction factors for variable loads should be taken for multi-storey buildings and use of EN 1991, Eq.6.10 should be avoided at detailed design). Accidental actions should be accounted for through a risk-based approach with specialist involvement where necessary e.g. blast loading, rather than making highly conservative generalisations.

It should go without saying that once a set of loads have been agreed, the engineer should design members to 100% utilisation by the time the design is issued for construction. Designing to 80% utilisation has the same impact on the total material weight as designing for 25% additional load. Refer section 4.4 Optimisation for further commentary on this.

Recommended Reading – IStructE - A weight off your mind 

The strength of the structural components (slabs, beams, frames etc,) are governed by the load that they must carry or resist.
The loads used in the design must be accurate and representative of the building contents and expected occupancy. Loads used in the design, both for permanent and imposed actions, have historically been overly-conservative for several reasons (e.g. perceived risk, provision of flexibility for change of use, lack of measurements used to inform revisions). Whilst acceptable in the past, conservative approaches have resulted in wasteful use of resources, and unnecessary emissions. Such approaches are therefore not justifiable in the climate emergency. 
The boxes below highlight the considerations taken to loading requirements and the carbon impacts of any loading requirements specified in the brief which are above those specified in the design codes. A narrative is provided outlining steps such as requirements to improve the accuracy of permanent loads that inform the design.

Objectives and Actions taken:
	






Next Steps and Opportunities:
	








[bookmark: _Toc72689312][bookmark: _Toc106216140][bookmark: _Toc106217187][bookmark: _Toc106221816]Serviceability	Comment by IStructE: It is important to challenge conservative design approaches and ensure that serviceability requirements are specific to the structural and non-structural components being used in the building, as blanket requirements may lead to overdesigned elements. 

Deflection limits should be relevant to the facades, partitions, ceilings and equipment being specified. As such, other disciplines and suppliers must be consulted to develop the limits used through early design stages, with supplier information sought to inform the criteria used in detailed design. Where deflection governs the design, precambering and presetting should be investigated to reduce section sizes. 

When vibration governs the design, a detailed assessment should be undertaken to consider actual walking patterns, critical response areas and to refine the modelling of restraints. This also links iteratively with layout, as a good layout, breaking up the length of linear walking routes, strategic placement of columns and room locations, can remove the vibration issues and avoid the need for additional stiffness and material. The additional time required must be communicated to the Client in the boxes and carbon benefits used to demonstrate value.

Where cracks aren’t visible or exposed to water, the requirements should be challenged if governing the design, and options reviewed to meet requirements where these govern.
 
If fire design requirements govern, detailed fire calculations usually find that resistance is much higher than those estimated using the conservative tables, so this is encouraged. 

Despite the approaches above, if serviceability does govern the design, then it is likely that material grades can be reduced to reduce embodied carbon for concrete (and vice versa, e.g. if strength governs, increased grades may reduce material quantities and so could result in a carbon saving). 

Recommended Reading – MEICON Survey  
The serviceability of the structural components is set by agreeing how much those components can move, bend, vibrate, or crack. Exceeding agreed serviceability limits does not pose a safety risk to the building occupants, but may lead to discomfort or concern.
The size of structural components sometimes needs to be increased beyond the minimum material required to meet the strength criteria (Section 4.3.1) – meaning that material and carbon is wasted. Often this is due to a poor structural configuration (e.g. spans that are inefficiently long, or beam depths forced to be too shallow, refer Section 4.1), but there are often opportunities to reduce carbon through interrogating the serviceability requirements more closely. 
As with loading, guidance for serviceability requirements is often provided in codes and standards, but a thorough understanding and investigation of requirements aids carbon saving. 
The boxes below outline the actions taken to interrogate serviceability requirements to achieve carbon savings whilst meeting the requirements of the systems and occupants. Requirements for procurement and further discussions required with suppliers are also provided to ensure the design assumptions are fulfilled at Construction without issue.

Objectives and Actions taken:
	






Next Steps and Opportunities:
	





[bookmark: _Toc72689314][bookmark: _Toc106216141][bookmark: _Toc106217188][bookmark: _Toc106221817]Optimisation of sizes	Comment by IStructE: Optimisation of final sizes requires time, and as such an important part of this section is highlighting the need for design time in the next steps and opportunities during early stages of the design. Estimating the approximate carbon and cost savings that a 20% material reduction would achieve could be used to enhance the message and demonstrate the value of additional engineering time.  

We recommend reporting utilisations at all stages, as average utilisations can be used to quickly assess carbon saving opportunities and ‘carbon wasted’. The ‘design time is cheaper than construction time’ argument should be made, although the team should be sensitive to the fact optimisation is often perceived to introduce construction complexity, so addressing this directly (i.e. most of the time it doesn’t) is important, as is getting early Contractor buy-in.  

Considering steel for example, a range of different weights of member can be used with the same geometry, so using all members within the same series is a very effective way of minimising carbon through optimisation, without having any knock-on impact on connections, finishes or services. 

It is important to appreciate the impact of uncertainty on utilisations also, as a key reason why we don’t optimise. Striving for certainty of design parameters (e.g. ground conditions, wind loads etc.) will always help to reduce carbon as material can be reduced with more confidence. Again, this should be picked up early in the boxes below (e.g. highlighting requirements for ground investigations or wind tunnel testing etc.). 

Review the project with other engineers in your office to see if they can suggest other opportunities for optimisation that may not have been considered yet – taking benefit of restraint systems or diaphragm action, for example. 

Recommended Reading – 
IStructE - Rationalisation v Optimisation  
IStructE – Fire safety in the climate emergency
IStructE – Structural safety when designing lean

There is a considerable opportunity to reduce carbon through the optimisation of structural element sizes, as individual elements can each be sized individually to accurately meet their strength and serviceability criteria. Failing to optimise the final design means using material that isn’t needed to meet design requirements, resulting in unnecessary carbon emissions. 
Whilst the term ‘optimisation’ can indicate the use of automated computer software to find the optimal design, it can also refer to undertaking the process manually.
There are several barriers to optimisation, including design time, perceived risk and programme impacts, as well as outdated traditional reasons such as calculation and modelling time, and lack of technology for construction operations. However, using current technology to overcome many barriers, optimisation can also deliver benefits beyond carbon savings, with lower material usage reducing material costs. 
Efforts made to optimise the structural design so far are outlined below, with utilisations indicated to demonstrate how optimised the solution is. Opportunities that have been identified to overcome barriers to any further optimisation are also presented. 

Objectives and Actions taken:
	






Next Steps and Opportunities:
	





[bookmark: _Toc106216142][bookmark: _Toc106217189][bookmark: _Toc106221818]Supporting other disciplines 	Comment by IStructE: It is important that a siloed approach to design is avoided as larger benefits are achieved when collaboration between all parties is adopted. Some notes have been added where relevant in the section above. 

This section therefore is to provide some solutions from other disciplines which aren’t reported elsewhere, to capture these in one place and help the structural engineer understand other disciplines and engage more broadly in carbon reductions. 

This could include use of standard grids to use repeatable façade panels, which reduces waste and improves efficiency, or considerations made to plant locations and routing to minimise MEP distribution systems. In these cases, the impact on the structural embodied carbon, and the relevant savings in other disciplines’ embodied carbon, should be quantified and reported in this section. If slabs have been used for thermal mass to reduce operational energy, quantification of the operational carbon saved should be provided here. Other decisions such as increased façade embodied carbon to reduce operational and whole life carbon could also be presented. 

Recommended Reading – 
IStructE - Balancing embodied and operational carbon in building envelope design 
Whilst this report generally focuses on the structural design approaches, the overall goal remains for the lowest carbon whole-building solution to be achieved – i.e. the lowest possible total of all carbon emissions across all design disciplines involved in the project.
Close collaboration between design disciplines enables cross-discipline savings, and enables the team to check that a carbon saving in one discipline doesn’t lead to a larger carbon increase in another. 
In addition to the carbon savings and processes outlined in this chapter, there are several areas in which carbon has been reduced by other design disciplines across non-structural building elements. A summary of these is provided below.

Objectives and Actions taken:
	








4. [bookmark: _Toc106216143][bookmark: _Toc106217190][bookmark: _Toc106221819]Construction approach	Comment by IStructE: Much of the content in this section may not be relevant if issuing this report at early RIBA stages. However, you should consider keeping the headings in place and replacing the text with your own high-level aspirations for what you’d like to achieve later in the project, to start the dialogue with the client early.

Appointing the contractor provides a valuable opportunity to review the design with fresh eyes and search for opportunities to further reduce the carbon emissions of the design (e.g. through more efficient construction technologies, aligning material grades with construction sequencing, or considering offsite methods of manufacture where it presents a carbon saving).
Close collaboration is required between contractor and designer to ensure that carbon emissions do not increase in response to other construction drives (e.g. changing the material specification or using more material in the hope of it increasing construction speed), and early engagement with contractors can enable a more holistic approach to reducing carbon. 
This section highlights measures taken by the design and construction team to ensure that low-carbon design aspirations are realised in the final constructed building. 
4. [bookmark: _Toc106216144][bookmark: _Toc106217191][bookmark: _Toc106221820][bookmark: _Toc72617325][bookmark: _Toc72689319]Specification	Comment by IStructE: The specification is important to align design approaches with what is achieved on site, as well as pushing the supply chain to be more sustainable. 

The article ‘Addressing the Biodiversity Emergency’ outlines sourcing practices for steel, concrete and timber to minimise environmental impacts. 

For steel, it is important to clarify the approaches taken to optimisation (e.g. considering connections, precambering, etc) as if this is poorly communicated the good work may be designed out. It is also important to highlight where it may be suitable to procure reused elements e.g. for secondary steel elements a note may be added that the steel grade may be reduced to allow reused components to be sourced. 

For concrete, there are various methods of specification, and care must be taken to ensure the requirements stated don’t lead to carbon intensive mixes. For example, stating w/c ratios may lead to cement contents and strengths above those required. Specifying a maximum carbon factor for the concrete may be one way to prevent this from happening. In general, providing the contractor with greater flexibility will allow a lower carbon mix design (e.g. allowing for 56 day strength gains may reduce cement requirements). Communicate with the contractor to understand the implications of your design and specification, and work together to determine the lowest-carbon solution to meet the design aspirations.

Request that EPDs are provided as part of the specification , as these can be used to assess the as-built emissions against the design assumption. Whilst not all suppliers will be able to provide an EPD today, it is only by consistently requesting EPDs that this will change.  

Recommended Reading – 
National Structural Steelwork Specification - Appendix J - Sustainability, 
Concrete Centre - Specifying Sustainable Concrete , 
Addressing the Biodiversity Emergency 
There are many considerations that must be made to ensure materials are extracted and produced more sustainably – reducing impact on climate and biodiversity, and providing societal benefits where possible. 
Transparency is key to understanding the sources and production methods used for materials, which is historically poor in the industry and an action that every project should look to address. This can be best achieved by mandating the provision of Environmental Product Declarations (EPD) for all main materials and products used on site – these EPD provide all the environmental impacts associated with the production process.  
The specification has also been used to ensure the requirements of the materials assumed in the design can be achieved in low carbon ways. These approaches are outlined in the boxes below, with the outcomes included in the relevant project material specifications to ensure the design intent is achieved on the Construction site.

Objectives and Actions taken:
	






Next Steps and Opportunities:
	





[bookmark: _Toc72617326]


[bookmark: _Toc106216145][bookmark: _Toc106217192][bookmark: _Toc106221821]Procurement 	Comment by IStructE: There is a benefit of early contractor engagement, with additional solutions and more informed decision making. Where possible, the engineer should push for a requirement for tendering responses to include commentary on the carbon footprint of the design, and ideas for carbon savings from the contractor. 

Once the contractor has been engaged, work with them to develop carbon saving solutions, recording these in the boxes. It is recommended to share data and design decisions to allow the contractor to understand design intention and optimise contractor-designed items (e.g. steel connections, reinforcement detailing). 
It is also important to transfer the responsibility for specialist systems to suppliers to develop highly efficient solutions (e.g. modular, composite and precast systems) so the boxes below should outline these benefits. 

It may also be useful to engage with the contractor to develop temporary design solutions considering carbon impacts, as well as considering key temporary works sequencing in the design. The structural engineer should consider the build sequence to see if temporary works can be combined with permanent works to reduce overall material use
The requirement to consider carbon through the procurement process is important to unlock opportunities in the construction phase. The weighting of sustainability and carbon in tender responses provides a good mechanism for encouraging this, as does qualitative considerations including willingness to engage innovatively on previous projects and in research and development (R&D) initiatives. 
Recommendations for opportunities to engage the contractor and supply chain to reduce carbon are provided below in relation to this project. 
Further, through sharing this report with the contractor, it is hoped that the report can be used to inform and enable low carbon outcomes. Finally, procurement must be used to ensure the supply chain is committed to achieving net zero, through supporting industry initiatives, and monitoring the carbon associated with their activities through requesting EPDs and recording transport, waste and site emissions.

Objectives and Actions taken:
	






Next Steps and Opportunities:
	





[bookmark: _Toc106216146][bookmark: _Toc106217193][bookmark: _Toc106221822]Enabling in-use and end-of-life benefits 	Comment by IStructE: Designing for future reuse:  It is important to state how the proposed adaptation strategies and end of life approaches can be enabled both in construction and through the life of the building, so this section should be used to address each of these. This may include detailing requirements to allow for change of use in life (removal of elements, relocation, or strengthening) and design for disassembly (e.g. connections and detailing, proposed methodology).

The use of a BIM model where possible to store as-built information is recommended, acting as a digital twin to be used during the building’s life, and at end of life. This should be discussed with the Client and highlighted in the box below if this has been considered. Equally, sharing the main structural data (e.g. the steel frame) to a national database could be a way of creating a database of available materials, which can be managed such that when the building comes to end of life the materials can accurately be assessed for reuse applications.

Designing with reused elements:   This is mostly covered in Section 2.1, but note that early contractor engagement may be required to ensure sufficient testing and surveys take place. 
The whole life-cycle of the building has been considered throughout the structural design to develop a solution that will be low carbon throughout its life. Many considerations have been made to how the building can adapt to changes of use, as well as being a useful asset at end of life feeding into the circular economy. It is important that these considerations and ambitions are achieved in the construction and building operation. 
Where reused elements or materials have been considered in the design, early engagement with the contractor, building insurers and Building Control will ensure that testing and detailing has been discussed early enough to ensure that the feasibility of this is not lost when the project reaches site.
The boxes below therefore summarise the key information and requirements related to these decisions for the construction and in-use stages, to ensure the design intention is achieved. 

Objectives and Actions taken:
	






Next Steps and Opportunities:
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