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1°C 2°C 5°C4°C3°C

increasingly fail to provide protection against more extreme climate  

Building Infrastructure Building Infrastructure 

0°C

High energy solutions unaffordable

Permanent Collapse

Tribal 

Systemic failures, temporary collapses

Increase in building resilience
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Non-functional communities begin to disintegrate

Functional Communities  Resilient communities
CommunitiesCommunities

Infra-structures fortified, new paradigms developed Local resilient fortified systems

System capacity System capacity 

Inequality in societies magnified: system capacity is exceeded

Capacity planning and resource allocation systemati sed 

Inequality in 
resources causes 
social breakdown

BuildingsBuildings
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RISK
Hazard

Vulnerability:
What sort of 
House ?
Car ?
Community ?
Health ?
Wealth ?
Age ?

Exposure:
Where do you live ?
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CO2 Concentration in Ice Core Samples and
Projections for Next 100 Years
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Years Before Present

Vostok Record
IPCC IS92a Scenario
Law Dome Record
Mauna Loa Record

Current
(2001)

Projected
(2100)

0100,000200,000300,000400,000

CARBON

2008 - 387Safe climate levels*

*James Hansen1 et al (2008).  Target Atmospheric CO2: Where Should Humanity Aim? Science.
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SCENARIOS: ARE THEY TAKEN SERIOUSLY ?

00C

20C

40C

60C

2065

20C

30C

10C

2010 2045  
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Confounding alternatives
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Who do we believe ? 

Source: www.theoildrum.com
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‘The world stands in imminent peril’, James Hansesn. Instead of sea levels rising by abou t 
40 centimetres, as the IPCC predicts in one of its computer forecasts, the true rise might be 
as great as several metres by 2100 . http://pubs.giss.nasa.gov/abstracts/2007/Hansen_etal _2.html

Extreme Predictions
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2003: Artic 
ice free 
by 2070

2008:Artic 
ice free 
by 2013
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Source: John Byrne
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Computer models of what a) Europe and b) North America may look like 
if the global ice reserves melted raising the sea levels by 100 metres. 

Source: Laurence Williams, An End To Global Warming’, ISBN 08-044045-2 
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It’s the RATE OF CHANGE we don’t have a handle on
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RISK: Infra-structural Time Bomb
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The Social Equity Time Bomb
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Infrastructure Impacts

• Health
• Power
• Stormwater
• Water Management
• Roads & Rail
• Business Continuity
• New technologies
• New risks

Land-Use Impacts

• Urban Interface Risks
• Greater Peak Flooding
• Coastal Encroachment
• Loss of arable land

Structural Impacts

• Unprepared Structures
• Higher Peak Events

Service Impacts

• Greater Demand    
on Emergency 
Services

Personal Impacts

• Awareness of New Risks
• Financial Risk Mitigation
• Personal Readiness

Source: Kerrie Kelly, CEO Australian Insurance Council

Infra-structure Timebomb
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ADAPTATION:  10C

00C
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Source: Steps Centre: SPRU, Sussex University
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Source: BERR (2008)Source: Steps Centre: SPRU, Sussex University
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TimeTime

Landscape  developments
  put pressure on existing regime, 
    which opens up, 
      creating windows
         of opportunity for novelties 

Socio-technical regime  is ‘dynamically stable’.
On different dimensions there are ongoing processes

New configuration breaks through, taking
advantage of ‘windows of opportunity’. 
Adjustments occur in socio-technical regime.

Elements are gradually linked together,
and stabilise in a dominant design.
Internal momentum increases. 

Learning processes take place on multiple dimensions.
Different elements are gradually linked together in a seamless web.

New  socio-technical
regime influences 
landscape

Technological
niches

Socio-technical’
landscape

Socio-
technical
regime

Technology

Markets, user 
preferences

Culture
Policy

Science
Industry

Source: Geels (2002)

Future

systems

CCS

Micro
PV Wave

Wind

Fossil fuels

Source: Steps Centre: SPRU, Sussex University
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DENIAL

Source: Herbert Giroudet
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Development exceeds System Capacity
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$30 billion developments on site

T.P.Barnett + D.W. Pierce at the Scripps Institution of Oceanography at UC San Diego 
calculate that there is a 10% chance that Lake Mead (Hoover dam) will dry up in 6 years 
and a 50 % chance it will be gone by 2021. (2008 -Journal of Water Resources Research)
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Lord Adair Turner (UK Climate Change Czar) in Feb 2009 in Edinburgh 
claimed ‘to know nothing about flood plains…..’
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18.4181611.910TOTAL

54.94.43.22.9Non-material group 

0.10.20a0.20.3windows

0.40.20.10.81Roof

0.70.51.20.40.9Substructure

0.70.40.50.40.6Finishes group

11.611.9.975Structure group

52421573

HEIGHT IN STORIES

Case study buildings embodied energy results (GJ/m2 GFA) by element group

G.J. Treloar, R. Fay, B. Ilozor and P.E.D. Love (2001). An analysis of the 

embodied energy of office buildings by height,  Facilities, Volume 19 . Number 5/6. 204 – 214.
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Mayor Daley of Chicago
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DEMOLITION PLANS REQUIRED 
BEFORE PLANNING PERMISSION GIVEN



Summary and Discussions
Although one would expect PLEA to flourish 
with the GREEN Architecture movement, It 
didn’t happen.

Why?

1. LEED, like most of other Green Buildings 
Rating systems, is a simple ‘point hunting’
approach. One can achieve LEED SILVER, 
without improving the energy performance of 
the building.

2. As all energy saving features are put in one 
basket, leads to the fact that energy 
efficiency in buildings may be achieved only 
by improving the mechanical, electrical and 
hot water systems and by adding PV. There 
is no need to improve the architectural 
design that is the PLEA mission.

Plaza Apartments, 2006, 
submitted for LEED Accreditation
Leddy Maytum Stacy Architects 
and Paulett Taggart Architects.

Source: Edna Shaviv, Tel Aviv University, PLEA 2008
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North Sea Depletion ProfileNorth Sea Depletion Profile
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Sue Roaf stays at the renaissance 2007

Shirley Ross stays at the 
Cleveland Hotel 1933
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WRONG BUILDINGS
RIGHT BUILDINGS
CONTINUING NEED

RESILIENT BUILDING

NO NEED
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New Orleans 

Aug 29th 2005

New Orleans

November 2006
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Otherwise known as the ‘mines bigger than yours’syndrome

Hubris where leadership should be
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London Bridge Tower, ”The Shard of 
Glass”, is designed by the Italian 
architect Renzo Piano. Standing at 
310 m tall the 83 storey tower is 
destined to be the tallest building in 
Europe. 93 000 sq m 
Load: 100 MWh/a ? Summer PM ?
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In the UK a naturally ventilated office building will marginally fail 
the current building regulationsemissions criteria in the UK while 
an identical but air-conditioned design will pass.The UK building 
regulations now have increased focus on summer overheating 
criteria but there are several methods of demonstrating compliance. 
An analysis of these methods was carried out by Paul Tuohy of 
Strathclyde University in 2008.

He identified issues which could lead to a risk of un-necessary air 
conditioning be deemed to be a requirement either through 
implementation of air-conditioning in a building which does not 
require it, or through the creation of a building which performs
poorly and has to be subsequently air conditioned.  

http://www.nceub.org.uk/index.php?pagename=Activities.Windsor2008Conference
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Source: Bill Bordass
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Retreat beneath Urban Canopy

J. Golden, Brazel, A. Zehnder, J.  2004
Center for Environmental Studies

Arizona State University
Adapted from Oke Observing Systems 2000

Cool materials

Quench Heat Islands



������������	�
�����
�������	��

Retro HVAC Energy Use Analysis (over the last 50-years) for a 2000 
circa Phoenix Single Family House -- Increase energy use is due to 
Phoenix’s increasing average summer minimum low temperatures.

Source: Harvey Bryan & ASU’s SMART Program
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The Sub-Prime Mortgage Trap
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Code for Sustainable Homes: The nine design categor ies

Guidance ?
Rating Schemes ?
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ECONOMIC COLLAPSE
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ADAPTATION:  20C

00C

20C

40C

60C
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2045
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Beating the Heat:  Modelled Studies
Climate change and the Environmental Design of Buildings

C :���	������������	������	�����

	�������	������	��������#���������

; +�	��	�����&��	���������������
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Source: Jake Hacker
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International action on climate change
�,,6 ;

UNFCC
(UN Framework Convention on Climate Change)

(1992)

Adaptation
(reduce vulnerability)

Mitigation
(reduce emissions of GHGs)

Kyoto Protocol 
(ratified 2005; aims to reduce 
emissions from ‘developed’
counturies by 5% from 1990 

levels by 2012)

No international treaty yet, but
all signatories are required to: 
“take measures to facilitate 

adequate adaptation to climate change”
Some action at national/state level.

What should this be ?
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UKCIP02 regional climate
change scenarios: 50km2 grid
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Source: Jake Hacker
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London 2050s, Medium-High emissions scenario
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Climate adaptations: Southern Europe
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Shade: Connection

Source: Jake Hacker
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Reflection : Disconnection
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London: Summer 2003: generic failure
Indoor temperatures in a “1960’s” office
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Change in warm weather frequency: 

London DSY morphed for Medium High Emissions
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Climate adapted buildings:
The buildings as a climatic modifier
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Source: Jake Hacker
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Passive design for cooling

• Keep the heat out
– Shading from solar gains

– Manage gains from lights, equipment, people

– Minimum ventilation when hot outside

– Insulation and air tightness

• Loose heat at night
– Night-time ventilation essential (>6 ac/h)

– Security issues?

• Store unwanted heat in fabric

• Exposed thermal mass 
– Night cooling

– Internally ventilated slabs
Source: Jake Hacker
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Mediumweight: Offset achieved in
about 11 years

Medium-heavy & heavyweight: 
Offset achieved in about 21 to 23 years

Cumulative CO2 Emissions (air-conditioned case)
Light

Medium

Medium-heavy
& heavy

Arup Research: Embodied and 
In-Use CO2 Emissions from Housing

The additional embodied CO2 burden can be offset in around 11 – 25 years (depending on weight).

www.concretecentre.com/publications
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Zero Carbon Buildings

Half the Energy Demand

Double the Efficiency 

Half the Carbon Intensity of the supply

Behaviour and Controls changes
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Fiscal Incentives ?
Sporadic grants a disincentive….
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www.ipcc .ch/SPM6avr07.pdf 

ADAPTATION: 30C
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Warning of months /yearsHazard level 3. 

Warning of daysHazard Level 2.

Almost immediatelyHazard Level 1.

DROUGHT   (3)

FREEZING   (2)

STORMS     (2)

HEAT           (2)

FIRE            (2)

FLOODING  (1)

SEA LEVEL (1-2)

THEME SOLUTION VULNERABILITYEXPOSUREHAZARD (  ) 

Melbourne’s Heat Island
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Dysfunctional Societies
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Dystopian Societies
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Paradigm Shift 1: Reduce Exposure

Clean water programme (de-pollute environment)

Zero Carbon buildings, communities, industries 

educate constr. Industry

reduce heat island

building regulations – New Laws designed for the 
Interest of citizens rather than industry

Increase water / energy / food storage

Infrastructure Investment

Map Exposure, strengthen defenses

SC - strong communities, reduce inequality

PS - Paradigm shift building / community type

IP - Insurance Pricing

MP - Move Populations, MR - Managed Retreat 

IERC - Increase Emergency Response Capacity, CR - Climate Refuges
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1. Country + community continuity planning
2. Move Parliament to Birmingham
3. Shift population growth to north west to avoid 

summer water shortages.
4. Managed retreat from coastal, dam and 

estuarine flood plains
5. Build emergency response at national level
6. Regional Capacity maps and Resource planning

2080 Summer precipitation scenarios
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Electric mass transport systems
Between suburbs

Local EVs car-share
Network Hub

Source: Huan Ming – Hi Min Solar

Energy Paradigm Shift
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- Electric car charging banks throw enormous battery capacity into the electrical grid.

- Effective utilization of clean but intermittent power sources – solar, wind, wave.

- Smart, distributed power generation system - the entire city as a virtual power plant

Source: Andrew Scott MIT
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Occupant Building

Comfort is achieved by 
the occupants adapting to 

the building

Or by the occupants 
adapting the building to 

suit them

Adaptation occurs within the existing climatic, social, 
economic, architectural and cultural context. Buildings 
should be designed to provide acceptable conditions

Adaptation 3: Reduce Vulnerability

Stronger Buildings Users in Control
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Unachievable Standards – undesirable Standards

Buildings are not Machines
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Unachievable Standards – undesirable Standards
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Low Carbon Building Categories
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Naturally ventilated 
airport in Brasilia: 
Architect Oscar 
Niemeyer

A
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�������	��Which building would you like to be in during a power outage?

C B
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Adaptation: Opportunities – Patterns of Use - Zoning
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Adaptation: New Community Paradigms

Government by the people, with the people for the people…..
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Adaptation:  Evolutionary Process

Establish performance 
targets for thermal 
discomfort, heat stress, 
carbon dioxide emissions  

Qualitative: Identify 
significant climate 
variables for 
overheating  

Identify adaptation 
options for keeping 
buildings cool  

Evaluate adaptation 
options against 
performance targets  

How can we manage 
overheating risks in 
UK buildings?  

Quantitative: Assess 
risks of overheating 
under climate 
change scenarios  

Source: UKCIP and Jake Hacker

See: www.UsableBuildings.co.uk
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The 21st Century Building ?
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Ken’s gas guzzler :  Building Design - Friday, July 29, 2005 
Thermal image of Foster’s City Hall building, which has failed 
to meet sustainability targets and uses 
50% more energy than intended.

X



������������	�
�����
�������	��

)
'�>�>1���+9�'
�+':�M�!�
�,'�!�2



������������	�
�����
�������	��This is it

30C + Paradigm Shift : 
Educate for Adaptation:

www.oxfordconference2008.co.uk

Susan Roaf
Professor of Architectural Engineering

Heriot Watt University 
s.roaf@sbe.hw.ac.uk


