HERIOT
FmWATT

 UNIVERSITY

Designing for Resilience

Green Architecture Day: Health and Buildings

5th April 2014,
Sallis Benney Theatre, University of Brighton

www.brightonpermaculture.org

Professor Susan Roaf

Professor of Architectural Engineering at Heriot Watt University, Edinburgh,

Email: s.roaf@hw.ac.uk

Distinctly Ambitious
www.hw.ac.uk



http://www.brightonpermaculture.org/
mailto:s.roaf@hw.ac.uk

HERIOT

What Does a Building Do? o
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How warm / cool does it have to keep you ?
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Figure 2. The thermal regulatory system.
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Heat Exchange of the Body
with the Environment

1 KW/m?2 Short Wave

Radiation from the Sun
O

\\\\« RESPIRATION

RADIATION
Wet Air 35°C
Dry Air : C 25°C
EVAPORATION CONVECTION
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ERIOT
What is the function of a Tea Pot? S VALT

What is the perfect temperature for tea?

Distinctly Ambitious
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Tea Pots: The Basic Principles

Milk in First to

Keep it hotter? ?
, : [




Tea Pots: The Basic Principles

The difference betweenthe
Tea and the Air temperatures i




Chairs: Theory and Practice

A -99CM B -4GCM C-45CM D-S3CM
E-42Cm F-42CM G-47CM

Which Part of Your Chair is warmest ?



Chairs:

They all have the same surface temperatures
the materials the heat away from your hand at different rates

Overcoats for Chairs ?




Tea Pots: The Basic Principles




TEA POT WORK

v Voves Hot WATER from Kettle to consumer and
A Allows WATER to be poured into a Cup but
S Stops WATER and ENERGY from escaping and

S Stores the Heat ENERGY till it is needed



Tea Pots: Radiation




Tea Pots

Heat them

~




Tea Pots: The Basic Principles
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Tea Pots: The Basic Principles

Make the whole
Pot heavier and
Warm the pot first

Regularly top it up
From a heated
Samovar

Heat it constantly
Over a flame

Place an insulating
tray beneath it



Tea Pots: Emissivity

Surface Material

Glass smooth

B cas
1.00
0.80

0.60 -0.70
0.85
0.94

0.63

0.023 - 0.052
0.92 -0.94
0.85-0.95

0.985

Surface Material

Silver Polished

Stainless Steel,
polished

~ (3 o
0.14-0.38
0.95
0.20-0.32
0.92
0.02-0.03

0.075

0.95-0.963
0.935
0.885
0.95



http://www.engineeringtoolbox.com/radiation-heat-transfer-d_431.html
http://www.engineeringtoolbox.com/radiation-heat-transfer-d_431.html

Tea Pots:

http://www.ips-innovations.com/new_paints_ref.htm



EMISSSIVITY

New Low Emissivity Wall Paints which keep the heat in the house during winter and keep it
out in summer. The right side of the wall behind this heater is painted with a low-e wall paint,
which reflects part of the heat back into the room before it is lost through the wall. In the
winter a low-e wall paint on an inner wall decreases heat loss. In summer on an outer wall it

reflects heat back into the environment saving energy.

Lo -

http://www.ips-innovations.com/new_paints_ref.htm


http://www.sova-online.de/?page=news&but=8&sbut=1
http://www.sova-online.de/?page=news&but=8&sbut=1
http://www.sova-online.de/?page=news&but=8&sbut=1
http://www.sova-online.de/?page=news&but=8&sbut=1
http://www.sova-online.de/?page=news&but=8&sbut=1
http://www.sova-online.de/?page=news&but=8&sbut=1
http://www.sova-online.de/?page=news&but=8&sbut=1
http://www.thermalin.de/
http://www.thermalin.de/
http://www.thermalin.de/
http://www.thermalin.de/
http://www.thermalin.de/

Story - Calorific Cascades — Dynamic Environments

wAterstock.com - B0S66480
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The concave shape of
the skyscraper means
that a large amount of

sunlight is relected into
asmall area

Lz, This effect currently
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AVOID DANGEROUS BUILDINGS suggested to be present 3
} ‘ ] for approximately two
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Tea Pots: The Basic Principles

So how do you keep tea hotter longer in a

ceramic tea pot

?



Best Form: Minimise the Surface Area
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Tea Pots: Insulation
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Heat Pot first
Fill it up
Insulate it
Heat it




Tea Pots:

Maximising heat loss

. . ?
Cold Bridging Problems From exposed surfaces ?
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Different Pots for Different Places ?

Increasing Time lag
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5°-10°C temperature differences found in different rooms in the same house

Source: Jane Matthews



Temperature °C
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Understanding Time: 24 Hour Thermal Histories of Yazdi Housewives

Airtemperature of occupied space over 24 hours
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Temperature (°C)

Palermo-Punta Raisa
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Different choices for season, places, people and occasions?

Warm Sunny Kitchen The Veranda



We do need to train Architects to be part of the Solutions
Not be the problem .....Fit for Purpose in a Changing World




Which is the Best Tea Pot ?

Answer = It All Depends what Work it needs to do
And how many ‘Adaptive Opportunities’ are available



Can we adapt Teapot thinking for other Uses?




BUILDING WORK

M Vioves HEAT or COOLTH from where it Is made
to where it is needed

A\
Stops HEAT OR COOLTH from entering or

escaping

g Stores HEAT or COOLTH till it is needed



1t Important Decision: Solar Orientation

June 21
March 21 or ; Winter

September 21 Eﬁ;‘fne

December 21 \




What is your
Major Climatic
Design Strategy?




2"d Important Design Decision: Building Form
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3'Y Important Design Decision

. Envelope Choices
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Opening Doors and Windows in mid-winter

rr




HERIOT

What Else Does a Building Do?

Much More than a Teapot
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Ambient Energy Flows

Building System Flows

People Flows

0

x Solar Systems

{:} Water
Air Conditioning
Cooking
Lighting
ﬁ oMl
Aspect L ’
Heat
atio Light
Shade

(o =2

Climate
Season
Space

Occupancy

AZ Thn 58

What sweeps through a building? Sound S
Water W

Energy E

People P

Sight S




Raincoat Overcoat

Water, Energy, Sight —



Student Halls — Complex links through walls to Ecosystems
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BUILDING FUNCTIONALITY: Adaptive Opportunity — using a wide range
of Materials Dynamically Diurnally and Seasonally and Occasionally

ADAPTIVE

OPPORTUNITY
STRESS

: STRESS
Shading;

! ADAPTIVE
Shl]tterSI OPPORTUNITY CURRENT
Nat . . STANDARDS
Cul Sh\gdlng /

Nat,Vent

Temperature —»

oK BN_DlNG |

STRESS Lowvy TOLERANCE

wroze: SLOW BUILDINGS ...
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Energy Storage — Dampens Peaks

High Thermal Mass Building in Summer

30°C

15°C

Day Night Day



Thanks to: Francisco Lozupone .
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5 ; S
Not Necessa.

g“ m# se'but h;eat is

sucked out by draughts |
House solid but needs work
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Most Efficient Heat Storage
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New Seoul: from the film ‘Elysium’ 2013

Economic And Natural Systems

p — .:m..m'j

Extract Resources
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Figure 2. The extreme summer of 2003 may well occur ever second year by 2030 and by 2050 will be a cool year. This figure shows the
June-August anomalies (relative to 1961-90 mean in K) over the region shown inset. Shown are observed temperatures (black line, with
low-pass-filtered temperatures as the heavy black line), modelled temperatures for four HadCM3 simulations including both
anthropogenic and natural forcings to 2000 (red, green blue and turquoise lines), and estimated HadCM3 response to purely natural
forcings (yellow line). The observed 2003 temperature is shown as a star. Also shown (red, green and blue lines) are three simulations
(initialized in 1989) including changes in greenhouse gas and sulphur emissions according to the SRES A2 scenario to 210022. The inset
shows the observed summer 2003 temperature anomalies in K).

Nakicenovic, N. and R. Swart (2010). Special Report on Emission Scenarios, Cambridge University Press, Cambridge, UK.
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January 2014 Flooding : destroying Lives
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PASSIVE HOUSES: 1990s
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Influence of the Window Size Facing South
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Passive House
Passive House Institute sul_ar
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The Kranichstein Passive House
(end-of-terrace house) f PHPP
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Passive Houses and Overheating

The Kranichstein Passive House during the hot spell from 29 June - 04 July 1993
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Passive House: Energy Efficient Approach

Key Design Objectives

L e
O/oT

Carbon
dioxide
emissions

50

Typical oW Integrate

energy

building design

renewables

Insulation

Good Windows

Air Tight

No thermal bridging
Heat Recovery



The Active House, yet another green building standard, comes to North America:

ACTIVE HOUSE: 2000s

COMFORT

ENERGY- Contributes positively to the A
energy balance of the building — .

INDOOR CLIMATE - Creates a healthier
and more comfortable life for the
occupants

ENVIRONMENT - Has a positive impact - E
on the environment \

http://www.treehugger.com/green-architecture/active-house-yet-another-green-building-standard-comes-north-america.html



Andrew Purcell, The Guardian,
Thursday 21 May 2009
Zero-carbon eco home is light years ahead
The dream of zero-carbon living is being realised on an estate in Denmark.
Andrew Purcell takes a tour of the world's first Active House

‘Conceived as a more comfortable and user-friendly response to the Passive
House, which has set the standard for sustainable living in the last decade’

http://www.theguardian.com/environment/2009/may/21/active-house-denmark-zero-carbon
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http://www.theguardian.com/profile/andrewpurcell
http://www.guardian.co.uk/theguardian

Active House: The Environmental Approach

Key Design Objectives
L e
% * Insulation
e :::\::Z . G_ood_Windows
i by 50% « Air Tight o
emissions * No thermal bridging
 Heat Recovery

50

 Thermal Storage

* Natural Ventilation
« Adaptive Envelope
« Active solar systems

Typical oW Integrate

energy

building design

renewables



THE RESILENT HOUSE
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Future-Proofing through Resilient Design
www.resilientdesign.org

ecohouse

BU( RC Of
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Meeting the Needs of a new generation of PROSUMER Clients
With buildings that Generate and Consume Energy




20t Century Buildings
Poor Climatic Design — Unaffordable — Without Cheap

The solution is
Not a machine

We are ConneCted World Energy Consumption
. 600
To the climate g
Building is
3 S Nuclear
. E 400 & Hydro-Elect Not a bOX
= : e @ 300 = Nat G
-% 200 | moai =
w ¥ Coal
G ﬁ 100 .
Neam: p H Biofuels
) Nt g W i | 0
= 1820 1840 1860 1880 1900 1920 1940 1960 1980 2000

throwing energy away is not longer an option




Excellent Driving change or
?
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Time Place

Design for People

SOLAR DOMINANCE BY 21007

Buildings run on

Design with Nature
Renewable energy

And Climate
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20t"C buildings were designed in an Age when Energy

was dreamed would be ‘Too Cheap to Meter’

SOLAR DOMINANCE BY 21007
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Not for a Future of soaring energy costs?

100 $160
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Global Oil Production, Consumption and Price 2001 - 2012
http://www.eia.gov/ers



http://www.eia.gov/ers

And Disappearing Middle Classes?

Change in Share of Total Income, 1967-2012
relative to 1967, by percentile
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The US Census in 2012 evidence of the widening income gap between
the rich and poor, prolonging the trend of the last 40 years http://www.eia.gov/ers
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There are lots of new Opportunities - like new ways
of doing Work ........
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New Ways of Powering Buildings and Cities

All different

All appropriate &= ,/////”/,’f;’fzf Ik




Buildings will increasingly be driven by Targets

Carbon dioxide emissions (MtCO,)
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And by Markets..
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Tea Pot Wisdom

Apply the underlying principles wisely






