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Introductions

12.30 - Registration and coffee

13.00 - Welcome - Simon Guest, Professor of Structural Mechanics, Head of Civil Engineering (University of Cambridge)  

13.10 - Opening presentation - Jonathan Cullen (University of Cambridge) 

Session I: “Material, Energy and Carbon in construction”

13.20 - Simon Sturgis - "Net Zero for Whole Life Carbon" (Targeting Zero LLP)

13.35 - John Orr  - "Minimising Energy in Construction – Survey of Structural Engineering Practice" (University of Cambridge)

13.50 - Danielle Densley-Tingley - "Whole life material efficiency research at the University of Sheffield" (University of Sheffield) 

14.05 - Discussion

14.30 – Coffee

Material, Energy and Carbon in construction 
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Session II: "Building stock, circular economy and case studies"

14.50 - André Cabrera Serrenho - "Strategies to reduce greenhouse gas emissions of the English housing stock" (University of 
Cambridge)

15.05 - Iain Cameron - "The Impact of the Client Brief on Material Efficiency in Construction – The New Civil Engineering 
Building in Cambridge” (University of Cambridge)

15.20 - Rebecca Hartwell – "A regenerative approach to façade engineering with a focus 

on end-of-life challenges " (University of Cambridge) 

15.35 - Discussion

16.00 - Running Projects - open session to present current projects

16.20 - Next Steps 

16.30 - Visit to The James Dyson Building and The Dyson Centre (Department of Engineering, Trumpington St)

Material, Energy and Carbon in construction 
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Resource Efficiency Collective is a research initiative at 
Cambridge University. Together, we seek answers to a 
challenging question: how can we deliver future energy 
and material services, while at the same time reducing 
resource use and environmental impact?



Latest University 
research

Company interests 
and needs

Collaborative 
research projects

Workshops 
about twice a year 



Delivering goods and services, profitably, 
with less resource consumption
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Carbon emissions, Services delivered 
Energy (primary, final, useful), Materials, Products  

How can we deliver future energy and material services, 
while reducing resource use and environmental impact?
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Global demand for steel goods
= 1088 million tonnes
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Global 
chemical 

flows

Global mass flows in the 
chemical and petrochemical 
sector in 2013

Levi & Cullen (2017) ES&T

Resource
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Carbon emissions, Services delivered 
Energy (primary, final, useful), Materials, Products  

How can we deliver future energy and material services, 
while reducing resource use and environmental impact?
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are linked to steel and concrete 
(more than passenger transport)



Material efficiency could deliver larger energy 

savings in energy-intensive industries than 

energy efficiency.
“

”

Resource intensity (of materials)
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EŽƚĞ͗�EW^�с�EĞǁ�WŽůŝĐŝĞƐ�^ĐĞŶĂƌŝŽ͖�D�^�с�DĂƚĞƌŝĂů��ĨĨŝĐŝĞŶĐǇ�^ĐĞŶĂƌŝŽ͘

/Ŷ� ƚŚĞ�DĂƚĞƌŝĂů��ĸĐŝĞŶĐǇ�^ĐĞŶĂƌŝŽ͕� ƚŚĞ�ƵƐĞ�ŽĨ�Ăůů� ĨƵĞůƐ� ŝƐ� ƌĞĚƵĐĞĚ͕� ƚŚŽƵŐŚ�ƚŚĞ�ƌĞĚƵĐƟŽŶ�
ŝƐ� ůĂƌŐĞƐƚ� ĨŽƌ� ĨŽƐƐŝů� ĨƵĞůƐ� ĂŶĚ� ĞůĞĐƚƌŝĐŝƚǇ� ;&ŝŐƵƌĞ� ϭϬ͘ϭϯͿ͘� dŚĞ� ĚĞŵĂŶĚ� ĨŽƌ� ĐŽĂů� ĨĂůůƐ� ďǇ�
ϭϵϬ� ŵŝůůŝŽŶ� ƚŽŶŶĞƐ� ŽĨ� ĐŽĂů� ĞƋƵŝǀĂůĞŶƚ� ;DƚĐĞͿ͕� ĂůŵŽƐƚ� ĞƋƵĂů� ƚŽ� ĐƵƌƌĞŶƚ� ĐŽĂů� ŽƵƚƉƵƚ� ŝŶ�
^ŽƵƚŚ� �ĨƌŝĐĂ͘� dŚŝƐ� ŝƐ�ŵĂŝŶůǇ� ĚƵĞ� ƚŽ� Ă� ƐǁŝƚĐŚ� ƚŽ� ƐĞĐŽŶĚĂƌǇ� ƐƚĞĞůͲŵĂŬŝŶŐ� ŝŶ� ƚŚĞ� ŝƌŽŶ� ĂŶĚ�
ƐƚĞĞů� ŝŶĚƵƐƚƌǇ� ĂŶĚ� Ă� ƌĞĚƵĐƟŽŶ� ŝŶ� ƐƚĞĞů� ĚĞŵĂŶĚ͘� dŚĞ� ĚĞŵĂŶĚ� ĨŽƌ� ĐŽŬŝŶŐ� ĐŽĂů� ŝŶ� ϮϬϰϬ� ŝƐ�
ϳϱ�DƚĐĞ�ůŽǁĞƌ�;ĞƋƵŝǀĂůĞŶƚ�ƚŽ�ϭϱй�ŽĨ��ŚŝŶĞƐĞ�ĐŽŬŝŶŐ�ĐŽĂů�ƉƌŽĚƵĐƟŽŶ�ŝŶ�ϮϬϭϯͿ͘�Kŝů�ĚĞŵĂŶĚ�
ĚĞĐƌĞĂƐĞƐ�ďǇ�ϭ͘ϯ�ŵďͬĚ�;ĞƋƵŝǀĂůĞŶƚ�ƚŽ�ŚĂůĨ�ŽĨ�ƚŽĚĂǇ͛Ɛ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�sĞŶĞǌƵĞůĂͿ�ĂƐ�Ă�ĚŝƌĞĐƚ�
ƌĞƐƵůƚ�ŽĨ�ůŽǁĞƌ�ĨĞĞĚƐƚŽĐŬ�ŶĞĞĚƐ�ĨŽƌ�ƉůĂƐƟĐ�ƉƌŽĚƵĐƟŽŶ͕�ĂƐ�ƚŚĞ�ƐŚĂƌĞ�ŽĨ�ƌĞĐǇĐůŝŶŐ�ŝŶĐƌĞĂƐĞƐ͘�
dŚĞ� ƌĞĚƵĐƟŽŶ� ŝŶ� ŶĂƚƵƌĂů� ŐĂƐ� ƚŽƚĂůƐ� ϱϭ� ďŝůůŝŽŶ� ĐƵďŝĐ�ŵĞƚƌĞƐ� ;ďĐŵͿ� ;ĞƋƵŝǀĂůĞŶƚ� ƚŽ� ƚŽĚĂǇ͛Ɛ�
ĐŽŶƐƵŵƉƟŽŶ�ŝŶ�<ŽƌĞĂͿ͕�ĐŽŵŝŶŐ�ĨƌŽŵ�ƐƚĞĞů͕�ƉůĂƐƟĐƐ�ĂŶĚ�ĂůƵŵŝŶŝƵŵ�ƉƌŽĚƵĐƟŽŶ͘�^ŝŶĐĞ�ďŽƚŚ�
ƐƚĞĞů�ĂŶĚ�ĂůƵŵŝŶŝƵŵ�ƉƌŽĚƵĐƟŽŶ�ĂƌĞ�ůŽǁĞƌ�ŝŶ�ƚŚĞ�DĂƚĞƌŝĂů��ĸĐŝĞŶĐǇ�^ĐĞŶĂƌŝŽ�ĂŶĚ�ƚŚĞ�ƐŚĂƌĞ�
ŽĨ�ƐĞĐŽŶĚĂƌǇ�ĂůƵŵŝŶŝƵŵ�ƉƌŽĚƵĐƟŽŶ�ŝŶĐƌĞĂƐĞƐ͕�ƚŚĞ�ĚĞŵĂŶĚ�ĨŽƌ�ĞůĞĐƚƌŝĐŝƚǇ�ĨĂůůƐ�ďǇ�ϴϮϴ�dtŚ�
ŝŶ� ϮϬϰϬ͕�ǁŚŝĐŚ� ŝƐ� ƐůŝŐŚƚůǇ� ůĞƐƐ� ƚŚĂŶ� ƚŚĞ� ƚŽƚĂů� ĞůĞĐƚƌŝĐŝƚǇ� ŐĞŶĞƌĂƟŽŶ� ƚŽĚĂǇ� ŽĨ� &ƌĂŶĐĞ� ĂŶĚ�
/ƚĂůǇ�ĐŽŵďŝŶĞĚ͘�dŚĞ�ĚĞŵĂŶĚ�ĨŽƌ�ďŝŽŵĂƐƐ�ŝƐ�ŶŽƚĂďůǇ�ůŽǁĞƌ͕ �ĂƐ�Ă�ƌĞƐƵůƚ�ŽĨ� ŝŶĐƌĞĂƐĞĚ�ƉĂƉĞƌ�
ƌĞĐǇĐůŝŶŐ͕�ǁŚŝĐŚ�ĚĞĐƌĞĂƐĞƐ�ĞŶĞƌŐǇͲŝŶƚĞŶƐŝǀĞ�ŵĞĐŚĂŶŝĐĂů�ĂŶĚ�ĐŚĞŵŝĐĂů�ƉƵůƉ�ƉƌŽĚƵĐƟŽŶ͘

&ƌŽŵ�Ă�ƌĞŐŝŽŶĂů�ƉĞƌƐƉĞĐƟǀĞ͕�ĂůŵŽƐƚ�ĨŽƵƌͲĮŌŚƐ�ŽĨ�ƚŚĞ�ƐĂǀŝŶŐƐ�ĂƌŝƐĞ�ŝŶ�ĐŽƵŶƚƌŝĞƐ�ŽƵƚƐŝĚĞ�ƚŚĞ�
K���͕�ƌĞŇĞĐƟŶŐ�ƚŚĞ�ǁŝĚĞƌ�ƐŚŝŌ�ŝŶ�ƚŚĞ�ŐůŽďĂů�ĞĐŽŶŽŵǇ͕�ĂŶĚ�ďǇ�ϮϬϰϬ�ĂďŽƵƚ�ϳϱй�ŽĨ�ĞŶĞƌŐǇ�
ĚĞŵĂŶĚ� ŝŶ� ƚŚĞ� ĞŶĞƌŐǇͲŝŶƚĞŶƐŝǀĞ� ŝŶĚƵƐƚƌŝĞƐ� ĂƌŝƐĞƐ� ŝŶ� ĞŵĞƌŐŝŶŐ� ĂŶĚ� ĚĞǀĞůŽƉŝŶŐ� ĐŽƵŶƚƌŝĞƐ�
;Ă� Ɛŝǆ� ƉĞƌĐĞŶƚĂŐĞ� ƉŽŝŶƚ� ŝŶĐƌĞĂƐĞ� ĨƌŽŵ� ĐƵƌƌĞŶƚ� ůĞǀĞůƐͿ͘� �ŚŝŶĂ� ƐĞĞƐ� ƚŚĞ� ůĂƌŐĞƐƚ� ĂďƐŽůƵƚĞ�
ƐĂǀŝŶŐƐ͕�ĂƐ��ŚŝŶĂ�ƌĞŵĂŝŶƐ�ƚŚĞ�ůĂƌŐĞƐƚ�ƐƚĞĞů͕�ĂůƵŵŝŶŝƵŵ�ĂŶĚ�ĐĞŵĞŶƚ�ƉƌŽĚƵĐĞƌ�ĂŶĚ�ƚŚĞ�ůĂƌŐĞƐƚ�
ƉůĂƐƟĐƐ�ĐŽŶƐƵŵĞƌ�ŝŶ�ϮϬϰϬ͘�dŚĞ�ƐĞĐŽŶĚͲůĂƌŐĞƐƚ�ƐĂǀŝŶŐƐ�ĂƌĞ�ƌĞĂůŝƐĞĚ�ŝŶ�/ŶĚŝĂ͕�ǁŚŝĐŚ�ďǇ�ϮϬϰϬ�
ŝƐ�ƚŚĞ�ƐĞĐŽŶĚͲůĂƌŐĞƐƚ�ƐƚĞĞů�ƉƌŽĚƵĐĞƌ�ŝŶ�ƚŚĞ�ǁŽƌůĚ͗�/ŶĚŝĂ�ƐĞĞƐ�Ă�ůŽǁĞƌ�ĞŶĞƌŐǇ�ĚĞŵĂŶĚ�ŐƌŽǁƚŚ�
ƌĞůĂƟǀĞ�ƚŽ�ƚŚĞ�EĞǁ�WŽůŝĐŝĞƐ�^ĐĞŶĂƌŝŽ͕�ĚƵĞ�ƚŽ�Ă�ƌĞĚƵĐƟŽŶ�ŝŶ�ƚŚĞ�ĚĞŵĂŶĚ�ĨŽƌ�ƐƚĞĞů�ĂŶĚ�ŚŝŐŚĞƌ�
ƵƐĞ�ŽĨ� ůĞƐƐ� ĞŶĞƌŐǇͲŝŶƚĞŶƐŝǀĞ� ƐĞĐŽŶĚĂƌǇ� ƐƚĞĞůͲŵĂŬŝŶŐ͘� /Ŷ� ƚŚĞ�DŝĚĚůĞ� �ĂƐƚ� ĂŶĚ� ƚŚĞ�hŶŝƚĞĚ�
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/Ŷ� ƚŚĞ�DĂƚĞƌŝĂů��ĸĐŝĞŶĐǇ�^ĐĞŶĂƌŝŽ͕� ƚŚĞ�ƵƐĞ�ŽĨ�Ăůů� ĨƵĞůƐ� ŝƐ� ƌĞĚƵĐĞĚ͕� ƚŚŽƵŐŚ�ƚŚĞ�ƌĞĚƵĐƟŽŶ�
ŝƐ� ůĂƌŐĞƐƚ� ĨŽƌ� ĨŽƐƐŝů� ĨƵĞůƐ� ĂŶĚ� ĞůĞĐƚƌŝĐŝƚǇ� ;&ŝŐƵƌĞ� ϭϬ͘ϭϯͿ͘� dŚĞ� ĚĞŵĂŶĚ� ĨŽƌ� ĐŽĂů� ĨĂůůƐ� ďǇ�
ϭϵϬ� ŵŝůůŝŽŶ� ƚŽŶŶĞƐ� ŽĨ� ĐŽĂů� ĞƋƵŝǀĂůĞŶƚ� ;DƚĐĞͿ͕� ĂůŵŽƐƚ� ĞƋƵĂů� ƚŽ� ĐƵƌƌĞŶƚ� ĐŽĂů� ŽƵƚƉƵƚ� ŝŶ�
^ŽƵƚŚ� �ĨƌŝĐĂ͘� dŚŝƐ� ŝƐ�ŵĂŝŶůǇ� ĚƵĞ� ƚŽ� Ă� ƐǁŝƚĐŚ� ƚŽ� ƐĞĐŽŶĚĂƌǇ� ƐƚĞĞůͲŵĂŬŝŶŐ� ŝŶ� ƚŚĞ� ŝƌŽŶ� ĂŶĚ�
ƐƚĞĞů� ŝŶĚƵƐƚƌǇ� ĂŶĚ� Ă� ƌĞĚƵĐƟŽŶ� ŝŶ� ƐƚĞĞů� ĚĞŵĂŶĚ͘� dŚĞ� ĚĞŵĂŶĚ� ĨŽƌ� ĐŽŬŝŶŐ� ĐŽĂů� ŝŶ� ϮϬϰϬ� ŝƐ�
ϳϱ�DƚĐĞ�ůŽǁĞƌ�;ĞƋƵŝǀĂůĞŶƚ�ƚŽ�ϭϱй�ŽĨ��ŚŝŶĞƐĞ�ĐŽŬŝŶŐ�ĐŽĂů�ƉƌŽĚƵĐƟŽŶ�ŝŶ�ϮϬϭϯͿ͘�Kŝů�ĚĞŵĂŶĚ�
ĚĞĐƌĞĂƐĞƐ�ďǇ�ϭ͘ϯ�ŵďͬĚ�;ĞƋƵŝǀĂůĞŶƚ�ƚŽ�ŚĂůĨ�ŽĨ�ƚŽĚĂǇ͛Ɛ�ƉƌŽĚƵĐƟŽŶ�ŝŶ�sĞŶĞǌƵĞůĂͿ�ĂƐ�Ă�ĚŝƌĞĐƚ�
ƌĞƐƵůƚ�ŽĨ�ůŽǁĞƌ�ĨĞĞĚƐƚŽĐŬ�ŶĞĞĚƐ�ĨŽƌ�ƉůĂƐƟĐ�ƉƌŽĚƵĐƟŽŶ͕�ĂƐ�ƚŚĞ�ƐŚĂƌĞ�ŽĨ�ƌĞĐǇĐůŝŶŐ�ŝŶĐƌĞĂƐĞƐ͘�
dŚĞ� ƌĞĚƵĐƟŽŶ� ŝŶ� ŶĂƚƵƌĂů� ŐĂƐ� ƚŽƚĂůƐ� ϱϭ� ďŝůůŝŽŶ� ĐƵďŝĐ�ŵĞƚƌĞƐ� ;ďĐŵͿ� ;ĞƋƵŝǀĂůĞŶƚ� ƚŽ� ƚŽĚĂǇ͛Ɛ�
ĐŽŶƐƵŵƉƟŽŶ�ŝŶ�<ŽƌĞĂͿ͕�ĐŽŵŝŶŐ�ĨƌŽŵ�ƐƚĞĞů͕�ƉůĂƐƟĐƐ�ĂŶĚ�ĂůƵŵŝŶŝƵŵ�ƉƌŽĚƵĐƟŽŶ͘�^ŝŶĐĞ�ďŽƚŚ�
ƐƚĞĞů�ĂŶĚ�ĂůƵŵŝŶŝƵŵ�ƉƌŽĚƵĐƟŽŶ�ĂƌĞ�ůŽǁĞƌ�ŝŶ�ƚŚĞ�DĂƚĞƌŝĂů��ĸĐŝĞŶĐǇ�^ĐĞŶĂƌŝŽ�ĂŶĚ�ƚŚĞ�ƐŚĂƌĞ�
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Carbon emissions, Services delivered 
Energy (primary, final, useful), Materials, Products  

How can we deliver future energy and material services, 
while reducing resource use and environmental impact?
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Making buildings with 
half the materials and
double the lifetime



Half the materials …
Making buildings with half the materials 

and double the lifetime 

Options
§ Reduce design loads
§ Avoid over-specification
§ Put material where the load is
§ Avoid construction waste
§ Use alternative materials
§ …

Constraints
§ Keep cost the same, or less
§ Keep carbon intensity of materials 

the same, or less
§ Keep quality the same
§ Make sure buildings are safe
§ …



2 days – 2 months

6 – 30 years

14 – 30 years

40 years

60 – 600 years

Double the lifetime
Making buildings with half the materials 

and double the lifetime 



talks



Introductions

12.30 - Registration and coffee

13.00 - Welcome - Simon Guest, Professor of Structural Mechanics, Head of Civil Engineering (University of Cambridge)  

13.10 - Opening presentation - Jonathan Cullen (University of Cambridge) 

Session I: “Material, Energy and Carbon in construction”

13.20 - Simon Sturgis - "Net Zero for Whole Life Carbon" (Targeting Zero LLP)

13.35 - John Orr  - "Minimising Energy in Construction – Survey of Structural Engineering Practice" (University of Cambridge)

13.50 - Danielle Densley-Tingley - "Whole life material efficiency research at the University of Sheffield" (University of Sheffield) 

14.05 - Discussion

14.30 – Coffee

Material, Energy and Carbon in construction 
Agenda



Session II: "Building stock, circular economy and case studies"

14.50 - André Cabrera Serrenho - "Strategies to reduce greenhouse gas emissions of the English housing stock" (University of 
Cambridge)

15.05 - Iain Cameron - "The Impact of the Client Brief on Material Efficiency in Construction – The New Civil Engineering 
Building in Cambridge” (University of Cambridge)

15.20 - Rebecca Hartwell – "A regenerative approach to façade engineering with a focus 

on end-of-life challenges " (University of Cambridge) 

15.35 - Discussion

16.00 - Running Projects - open session to present current projects

16.20 - Next Steps 

16.30 - Visit to The James Dyson Building and The Dyson Centre (Department of Engineering, Trumpington St)

Material, Energy and Carbon in construction 
Agenda
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running projects



UK FIRES
Locating Resource Efficiency at the heart 
of Future Industrial Strategy in the UK 
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