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Who am I ?



• Climate change and buildings
• ‘Meeting’ standards in construction
• Modelling v reality
• Feedback for improvement
• Resource use contraction
• Education and training

What this talk will cover

Presenter
Presentation Notes
What is the REAL problem – is it the buildings, the cars, the aeroplanes or – the lack of trees? This talk will deal with buildings, but it will also be about what we can do personally, to make it more real and less abstract.
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CLIMATE CHANGES EVERYTHING
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Around 36% of all EU 
carbon emissions come 
from the built 
environment…

Presenter
Presentation Notes
Lets set the context here for what we need to do. Here are 3 simultaneous hurricanes -  Katia, Irma and Jose in 2017. The carbon emissions from designing, building, using and demolishing housing contribute to creating this situation, which is not healthy.  Buildings have the greatest impact on the world and humans. VIIRS image captured by the National Oceanic and Atmospheric Administration's Suomi NPP on 8th Sept 2017. satellite - NOAA View Global Data Explorer



Presenter
Presentation Notes
…and we have just 9 years left to stop more of this happening….this might not look so bad, but…



Presenter
Presentation Notes
The recent deadly floods in Germany and Belgium this year were 9 times more likely to happen because of climate change.





Presenter
Presentation Notes
Increased rainfall due to climate change introduces greater danger from indoor mould, also. In the UK 5.4 million people have Asthma, and we know there are direct associations between indoor mould spores and poor health.
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Heatwave – 4.5 
million overheating 
homes in UK

Presenter
Presentation Notes
Climate change is happening quicker than we think – UK temperatures and drought have broken the records again in 2018. Extremes are becoming more normal. We now have to design housing that can cope with 35-40 degrees of heat each year in many more countries.
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https://www.eea.europa.eu/data-and-maps/indicators/forest-fire-danger-4/assessment

Presenter
Presentation Notes
These graphs show what is happening today, and what could happen in the future, depending on the actions we take today. Although the predictions show some cooling for northern countries in the EU, you can see that even in the North, the predictions for extreme risk of forest fires increase in intensity, even in Finland.
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Presenter
Presentation Notes
What is happening in Australia, Siberia, Canada and the US is also beginning to happen in the EU – we have had more wildfires in the UK than before, reaching close to Manchester, as a major city, for example.
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The impact of climate change on buildings

• Extreme storm, fire and flood damage
• Extreme temperatures and swings
• Overheating internally
• Extreme snowfall
• Increase in mould inside
• Increased fabric destruction over time
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Presenter
Presentation Notes
And yet, there is hope if we act now. Nature has an amazing way of recovering, if we give it chance and co-operate with it, rather than try to conquer it. We know that biodiversity and forests can recover within a decade or so, with appropriate measures taken. 
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Presenter
Presentation Notes
This is Priyapat city near Chernobyl Nuclear Power station, following the 1986 nuclear disaster. The city has been forbidden for humans due to high levels of radioactivity. This has allowed nature to thrive, with trees, plants, wolves, bears and many other animals thriving in this new haven.
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Presenter
Presentation Notes
Humans are learning from nature and restoring cities with concepts like Spong City in China. The buildings are still a problem, though – too tall, too dense…
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CARBON STANDARDS FOR BUILDINGS
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Presenter
Presentation Notes
Where to start then? Lets look at Building Standards first as a framework within we as academics, researchers, designers and builders, can operate.
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What does ‘Level(s)’ do?

• Level(s) is a European framework to assess and monitor the sustainability 
performance of buildings 

• Launched in 2020

• Aims to harmonise national certification schemes and standards

• Carbon, materials, water, health, comfort and climate change impacts
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Where are we at with national standards?

• Since January 2021, all new buildings in EU must be nearly zero-energy buildings (EU 
Energy Performance of Buildings Directive)

• Wide range of national building standards in EU

• Few are fully conforming to EU Directive

https:/ / www.bpie.eu/ wp-content/ uploads/ 2021/ 06/ Nearly-zero_EU-Member-State-Review-062021_Final.pdf.pdf
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EU variation in energy use per home

Presenter
Presentation Notes
As you can see, Finland is not complying with EU requirements – and these are not even the best standards to use for reducing carbon emissions – however, the UK is not even anywhere near this level either.
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Presenter
Presentation Notes
All these ticks and X crosses show the problem – we can set up standards, but we do not comply with them. In many countries, the requirement for renewable energy to provide 100% carbon emission free power, is not included. Even the nZEB definition is weak, as there is no actual metric provided, just words at the moment. 



© The University of Sheffield26/ 10/ 2021

New approach to regulation needed 

Carbon metrics – internationally defined
Delivery – harmonise zero carbon instruments
Whole life emissions – transparent and absolute reporting
Performance guarantees - mandatory
Retrofit – mandatory with fiscal incentives
Enforcement – random, independent inspections

Presenter
Presentation Notes
‘Nearly Zero Energy Buildings’ definition must include a metric and must insist on renewable energy only for offsetting, no coal or oil.
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THE ILLUSION OF MEETING STANDARDS
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The game…

• Model the performance
• Make cuts to the design
• Build the building
• Don’t measure reality

Presenter
Presentation Notes
So why is the idea of ‘meeting standards’ an illusion that we need to break through? First we need to understand the game that is being played via our Market driven economies, particularly where there is relatively little government moderation or intervention in the so-called ‘free’ market, which always operates to benefit of profit rather than the planet.
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Why are EU building standards not met?

• No regulatory requirement to prove the performance of a building in use
• Extensive political lobbying against changes in standards to do this

RESULT?

• In the UK, new buildings routinely use x2 or x3 energy predicted
• Other countries may be better or worse – but the problem is there.
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MODELLING IN THEORY / PERFORMANCE IN REALITY
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Presenter
Presentation Notes
Building physics is key to understanding and solving our problems in relation to reducing carbon emissions while maintaining human health. We are all familiar with these simple principles which drive the performance of our buildings. 
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Presenter
Presentation Notes
However, many designers and builders still do not understand these basic principles, particularly when it comes to how humans and buildings interact via temperature and humidity transfers.
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This bit is usually 
missing!

Presenter
Presentation Notes
Why do they not understand this? Because we do not ask them to. We do not ask for reality or feedback, and we just provide predictions of what is ‘supposed’ to happen. Designers and builders often operate in the dark, with research operating as a ‘Black Box’. Think of the builder onsite installing insulation on a building – does she understand WHY it is important to avoid gaps in the insulation? Does she ever experience the consequences of her actions, through feedback? No.



The dream design and simulation

Image: Farrell’s Architects

•

Presenter
Presentation Notes
This home has all the design ideals attached to it – and the targets – but no follow through of whether all these nice ideas actually worked or not



… the reality



Our homes are under-
performing – why?

Presenter
Presentation Notes
New homes in UK – even the low energy ones – use at least twice as much energy as they are supposed to do and suffer from multiple failures in relation to heating and ventilation as well as build quality related to installations and fabric. This applies particularly to our new homes., but  many retrofitted homes also fail. These problems apply to many other countries also, including Finland.
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FEEDBACK FOR IMPROVEMENT



Key questions for evaluating buildings in use

??
1. Is the building physically performing as 

expected?

2. Are the inhabitants happy in it?

3. Are there any problems that need 
solving just now?

4. How can we improve our buildings for 
the future?

Presenter
Presentation Notes
With all these big questions, we need better ways to understand what is really happening in our homes in order to know how best to meet demand, add value, and improve production. This means understanding what we are doing well – and badly – BEFORE we make another change to our housing development.  Buildings should explain themselves as far as possible. But we don’t really understand how people understand their homes yet!



Key parameters for building performance

1. Design intentions compared to reality – any specification/construction changes? 
why?

2. ‘Hard’ data – physical comfort factors, pollution levels, fabric performance, energy 
use, water use.

3. ‘Soft’ data – perceived human needs and capacities, comfort, control, learning, 
satisfaction.

4. Compare all data to revise design of future buildings- and future-proofing for climate 
change.

…these need building in from the feasibility stage –not an after thought

Presenter
Presentation Notes
A vital way forward is developing comprehensive housing performance feedback systems which are built into the housing process and compare actual post-occupancy reality with design intentions. These systems have to start working right at the beginning – at the feasibility stage. I do not use the word ‘behaviour’ here – deliberately. Inhabitants are not lab-rats. They are human beings, with a past, with attitudes and habits which lead to behaviours. We need to understand the human being and their capacities first, not their resultant ‘behaviours’.



‘Light touch’ building performance evaluation

1. Document review - key design, construction and specification documents related to the 
project intentions

2. Basic energy and water use audit – measure in kWh/m2/pa and  litres/home/pa

3. Thermographic survey –inside and out

4. Simple survey of the occupants – use questionnaire

5. Short tour  - with design team, contractor and inhabitants

6. Spot-check - environmental conditions – heat, light, sound, humidity
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Thermographic 
survey…

…in-use evaluation 
is crucial to validate 
design and 
simulations !



Light 
touch–
mobile spot 
testing 
equipment



Drill down, don’t  bean-count…

1. Light touch BPE first – cheap, quick and effective. If the building 
is performing as expected – STOP HERE!

2. Diagnostic BPE next – more intensive POE methods

3. Investigative BPE –for the most stubborn and emergent 
problems, or for epidemiological data – very intensive, lots of 
equipment!

...look for exceptions – don’t monitor the routine.

Presenter
Presentation Notes
We need to make feedback accessible, effective and affordable. For decades, scientists have worked on the premise of needing monitor everything in depth to establish BPE. But this does not work. It is too costly and not practical. So we have developed a more realistic way of measuring just  ‘enough’ rather than ‘everything’.



Organisational learning feedback ‘smile’…

Brief              Design                 Build             Occupancy 
Feedback



© The University of Sheffield26/ 10/ 2021

Apartments

• Leeds, UK
• Single aspect
• Retrofitted in 2012
• BPE from 2013-14
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Initial findings..

Occupants perceptions included:

Overheating
Poor air quality
Sleeping poorly
Window openings restricted
Noise problems

Walkthrough revealed reasons…
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1000ppm
CIBSE 
standard

morning: window open, 
residents leave 
bedroom
CO2 level  drops

evening: window closed, 
bedroom occupied,
CO2 level  shoots up 

CO2

temperature

2500ppm

Poor ventilation is dangerous in our homes –
toxic, even… monitoring reveals this

Presenter
Presentation Notes
If ventilation systems are not working well in our homes, whether these are windows that can’t be opened easily, or mechanical systems – then the air can get dangerously stuffy overnight, and the off-gassing from new furniture or fittings can build up making a toxic chemical cocktail that particularly affects the old and young.



Investigative level

- testing for air 
flows in the 
home
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Key lessons from the feedback 

• Avoid creating single aspect apartments – no natural cross ventilation
• Ensure all windows are properly shaded externally
• Design ventilation with correct air flow paths
• Properly commission all mechanical equipment
• Provide occupants with training, not just manuals
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NEW FEEDBACK APPROACHES



Using feedback as a guarantee - Energiesprong

Presenter
Presentation Notes
Until BPE is a mandatory requirement, it is unlikely that it will happen. Research shows that housing developers in the UK, at least,  only pay real attention to legislation rather than best practice guidance. Legislation is the ‘bottom line’ – not the aspiration – but it makes sure certain things happen. Without properly deciding who should pay for BPE, it is in limbo. Should it be the client or the designer? If it is legislated for, the finance becomes built in. Developing performance guarantee models is the another way forward – such as EnergieSprong.






Usability of technology – this is under studied….use video!

Presenter
Presentation Notes
We know from countless post-occupancy evaluation studies that homes only work well if the inhabitants understand how they work. In this low energy timber frame project at Stawell in Somerset, the inhabitants could not use the heating or solar technology well due to poor placement of meters and poor technology design – a hidden issue until POE used.



Creating new citizen scientists through built in monitoring

Presenter
Presentation Notes
New technology such as Smart Meters allows people to actively monitor how much energy they are using, but we can go much further than this. People can monitor IAQ too, and learn the relationship between energy, temperature, humidity, ventilation and health. Many Citizen Science projects are now springing up to do just this. 



1. Greater mutual 
understanding achieved

2. Greater buy-in and 
ownership of design and 
performance studies

3. Cohousing, Co-ops, Build-to-
Rent, social housing

4. New Co-living models 
available 

Empowering occupants 
through co-design



© The University of Sheffield26/ 10/ 2021

RESOURCE USE CONTRACTION
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Presenter
Presentation Notes
According to this UN OECD report last year, the chief problem material is Concrete, which is globally responsible for about 8% of all carbon emissions. It is being manufactured on a massive scale and this ‘extractivism’ is destroying seabeds and coastal environments where sand is literally stolen illegally to make concrete. The projected use, unless we change our actions, is frightening. Look at how little timber use grows in comparison to concrete use.
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Presenter
Presentation Notes
Look at the rate at which minerals (concrete) are predicted to be extracted – that’s the grey base – compared to timber. It’s nearly twice as much in many countries, while only the BRICS countries see an equivalence of timber and concrete use levels rising.
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Global Material 
Extraction
1990 -2050

https://www.sciencedirect.co
m/science/article/pii/S095937
8017313031#fig0025

Presenter
Presentation Notes
In a 2018 paper by scientists from University of Natural Resources and Life Sciences, Vienna, they showed a mass balanced assessment of global material extraction and outflows of wastes and emissions since 1900. Material extraction has accelerated since 2002, reaching90 Gt/yr in 2015, improvements in material intensity stalled.
Humanity has deposited 2500 Gt of wastes and emissions to the environment since 1900. 28% of all outflows of wastes and emissions since 1900 occurred between 2002 and 2015. A global convergence in material use patterns until 2050 could result in a 2.5x rise in global material demand.
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Presenter
Presentation Notes
We need to start thinking about buildings as a complete lifecycle within nature. This means considering carbon emissions at all stages, from extracting materials to hopefully re-using them. This can create a virtuous circle, which was used in the past, before coal and oil were used to short cut this approach and allow intense waste to take place. The use of excessive energy allowed us to literally ‘dispose’ of buildings and ‘make’ them with no real thought for the resources involved. Cost was cheap because energy was cheap. And energy was cheap because we were taking a ‘free lunch’ of intensified carbon use (coal and oil) from nature, and ignoring the consequences. 
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LETI Embodied Carbon Primer

UK carbon emissions
trajectory for buildings:
Operational v Embodied

….the embodied carbon is 
becoming more important

Presenter
Presentation Notes
Here you can see how embodied carbon with materials and construction actually takes up about 80% of all carbon emissions, once we have reduced the energy demand in our buildings when in use.
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Presenter
Presentation Notes
This chart clearly shows that tall buildings actually make  embodied carbon emissions worse, not better, because the upper floors are such an intense factor. It also shows where the most savings can be made
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Presenter
Presentation Notes
But perhaps this is a better way to visualize the amount of carbon emissions that are in each element of construction. Concrete and steel construction emits three times more carbon than cross laminated timber or six times more than softwood construction, by volume.
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Image: HTA Design LLP



Image: Magda Baborska Narozny

Presenter
Presentation Notes
How do we ‘design in place’ and preserve the meaning of home to the inhabitants? How do we balance durability with resource use to enhance the ecology that we live within locally, and beyond? How do we live within natural capacities? How do we deal with the need for both flexibility and adaptability in our homes to ensure their resilience?  This pond in the middle of a housing community also offers a ‘coolth’ retreat in heat waves – resilient design. The windows have no shading though – the homes will overheat. But how do we know this?
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EDUCATION AND TRAINING
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UIA survey of national architecture institutions – CPD topics covered in 2020 
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What can we do 
about it?



© The University of Sheffield26/ 10/ 2021 IPBES Global Report, 2021
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Changing our mindset
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IT’S YOUR MOVE NOW
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Eat much less meat – or avoid it
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Travel less



© The University of Sheffield26/ 10/ 2021

Consume and waste  less



Conclusion: It’s now or never…

We have all the technology we need already to deliver good building performance

We do not have the mind set to go back and really check how well our buildings are performing – or us!

There is no time left to talk about ‘the future’ 

If we do not radically change our personal lives and our work right now, it will be too late – the carbon is locked in

Lets be part of the change now



Thank 
you.
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