Hot Science Cool Talks

UT Environmental Science Institute

# 59

Design with Climate:
Building for a Cooler Planet

Dr. Werner Lang
February 27, 2009

Produced by and for Hot Science - Cool Talks by the Environmental Science Institute. We request that
the use of these materials include an acknowledgement of the presenter and Hot Science - Cool Talks
by the Environmental Science Institute at UT Austin. We hope you find these materials educational
and enjoyable.



www,.esiiutexas.edu
| \

s on with Climate:
-\g&ild 10, for a Cooler Blanet

\.\

-

© Photo: Peter Bonfig



- b5 3 "
é
*late g
%
-
-, :
.

S “L

L T 2
L l.—o s

. B -




billion people
12

1
10
9

~

LA B PE R L - )

2000

1000

increase of the world's
population until 2000

1000

2000

3000

4000

5000

6000



Energy consumption per capita (watts)

14000

12000 -
10000 -
8000 A

6000 -

Average consumption per capita

\

Bangladesh China World

4000 -

2000

West USA
Europe

Source: Stulz, Roland. Die 2000-Watt-Gesellschaft.
In: archplus 184, October 2007, p. 40-41
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In: archplus 184, October 2007, p. 34-35




CO, concentration
in ppm

360 ’_ G 1992

320

n /AV\ /f "™ Relationship
- < _ between CO2
200 w/ \,\I\/\V/\J\U/LV/ f concentration

and global
warming

160

Temperature
in °C

16 N

A [V ="
23 \/\‘J\\_.V/\n,m /
]

_11\/-~/

10
| | | | | | | |

160 120 80 40

Source: Daniels, Klaus. The Technology of Ecological

Millennia aqo Building, Basel: Birkhauser, 1997. p. 22
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To stabilize the climate,
we must use less energy.
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Why Focus on Buildings? | A
- The building sector is the single largest contributor
-to CO, emissions.
- Approximately-50% of the energy consumption /
CO, emissions are related to building, followed by
the transportation and industry sectors



Why Focus on Buildings?

Over the next 30 years....

52 billion sf will be demolished....

- 6001 ] o _
o / 150 billion sf will be remodeled...
LL
g 400 150 billion sf will be new
> construction...
)
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U.S Building Stock By 2035, almost 75% of our

built environment will either
be new or renovated.



What do we need to know for
building the future?



Svalbard @ v
Ice Caps -

n ‘Bagdhad QE\
Subtropical Deserts

s l @ Jiddah
‘1 Steppes

\Sa nnas ,‘
Raink

—

Marine &
West- -4
Coastal

Mediterranean

i{wanila

\H

-y
d

SXannas
Ay

el

‘ ‘. Zanzibar o
avannas ) S
Medi- \
Mountains terranean ’ DESIENE ub-
Sub- tropical
tropical j'
\ * e

e

Climate Conditions: The Earth‘s Comfort Zones
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Tree House ,Khaim’, tribe of the ,Korowai, Taos Pueblo, New Mexico; USA Farm Building in the Verzasca Valley, CH
Western-New Guinea, 1996

Hot and humid all year Hot and dry summers Moderate/sunny summers
Cold and dry winters Cold and wet winters
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Administration Building Budapest, Torék Bank, 1906
Heinrich Bohm, Armin Hegedos

Building design related to
local conditions
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Administration Building Los Angeles, Two California Plaza,

1992, Arthur Erickson

Building design
to local conditions
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colds SN : |

Ailments of mu-
cous membranes W \ \

Rheumatic W
problems )

Lack of

ack of energy MF-

Challenges:

1. Reduce the energy demand

2. Enhance the comfort

i
Headaches X R \
Rapid onset of |
tiredness RN N
Irritability R
Lack of

concentration | AR

Dizzi
izziness IR

Circulatory m
problems  REEHITRNN

0 5 0 15 20 25 30 35%

Table 1 B air-conditioned

& conventional
Feelings of discomfort at

convgptlonal and air- Source: Gartner: Double-Skin-Facades,
conditioned workplaces 1998, p. 10.




Lessons learned from the past

Comfort:
Architecture is an answer to
functional requirements of the user

Climatic conditions:
Architecture is derived from the
outer conditions of the site

Energy:
Energy consumption is dependent on the
performance of the building envelope



User
Requirements

Indoor air
temperature

Surface
temperature

Relative indoor
air humidity

Air
change

Luminance

Lighting
intensity

Energy
Consumption

Building Skin

Heating
energy

Cooling
Energy

Artificial
lighting

Building
services

Climatic
Parameters

Outdoor air
temperature

Air
movement

Relative outdoor
air humidity

Solar
radiation




What are the alternatives?

CO, emissions and use of fossil fuel
must be reduced drastically:

Energy conservation:
-> Building design and construction

Use of renewable energies:
-> Building design and construction:



Energy Consumption kWh/(m2a)

300
0 Electricity
250 1 Mechanical ventilation
B Hot water
200 - B Heating
150 -
100 -
50 - 5
Building ~ WSchvO SBN 1980 W&chVO Low- Passive Zero Zero
stock up 1984 Sweden 1995 Energy- House Heating Energy
to ‘70ies House House House

Source: http://www.passiv.de (02/03/2008)



http://www.passiv.de/

Consumption of energy in building

Production Energy

How much energy will it take to build, maintain, and tear
down/recycle this building?

Operating Energy

How much energy will it take to make people comfortable
inside this building?

Induced Energy

How much energy will it take to use this building (drive there or
supply it with goods)?




Py

N I

\ JoALK)
AR .
. e e

=, D A -

N - - ilu‘
. A

T ') I

:

:
~—

Vi —
vf‘?‘\:w,: '

|

L




!o'

..and the demolition of our built environment.
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Tjibaou Cultural Centre, NGumea, New. Caledonia,
1998. Arch.: Renzo Piano Building Workshop
Source: Jodidio, Philip. Renzo Piano Building Workshop 1966 — 2005. Kéln: Taschen 2005, p. 279
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Consumption of energy in building

Production Energy

How much energy will it take to build, maintain, and tear
down/recycle this building?

Operating Energy

How much energy will it take to make people comfortable
inside this building?

Induced Energy

How much energy will it take to use this building (drive there or
supply it with goods)?




Carbon emitted from highway transportation

2005 Metric tons used
Average of 100 largest metro per resident
areas: 1.31 metrictons ---------- (ranking*)
El Paso s t1.129(16)

San Antonio @ 1.255 (28)
Houston RS '+ 1.308 (31)
Dallas/Fort Worth EEEEEEREE  /1.406 (47)

Austin/Round Rock — 1.518 (54)

Carbon emitted from residential energy

2005 Metric tons used
Average of 100 largest metro per resident
areas: 0.925 metric tons ------ ‘ (ranking*)

El Paso ; 0.483 (14)

Houston I 0.983 (34)

San Antonio : 1.015 (45)
Austin/Round Rock — 1.049 (54)
Dallas/Fort Worth pm ; 1.177 (75)

* Ranking on list of 100 largest metro areas based on released emissions;
1is best, 100 worst.

Source: Brookings Institution

Mary Coppinger AMERICAN-STATESMAN

Austin American Statesman May 29, 2008

Induced energy consumption in Austin: 1.5 metric tons/year
Residential energy consumption in Austin: 1.0 metric tons/year
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to Urban Density

Source: Newman, Peter; Kenworthy, Jeffrey: Cities and
Automobile Dependence: A Sourcebook.

Avebury Technical, Aldershot; Brookfield; Hong Kong; Singapore; Sydney 1992
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Consumption of energy in building

Production Energy

How much energy will it take to build, maintain, and tear
down/recycle this building?

Operating Energy

How much energy will it take to make people comfortable
inside this building?

Induced Energy

How much energy will it take to use this building (drive there or
supply it with goods)?




What are the technological options?



Reduction of energy demand for heating

- minimization of energy losses of the building envelope
- maximization of energy gains: direct use of solar energy (passive use)
- maximization of energy gains: indirect use of solar energy (active use)

Reduction of energy demand for cooling

- minimization of energy losses of the building envelope
- minimization of direct energy gains: shading and sun protection, ventilation
- maximization of indirect gains: thermal collectors and photovoltaic collectors

- maximization of heat losses in hot season during the night

Reduction of energy demand for artificial lighting

- maximization of energy gains: direct use of solar energy (passive use) for
optimized daylight in buildings



type of use application systems (selection)

Y

thermal mass (also combined with TIM) |

> natural ventilation

(temperature gradient, —> shaft ventilation |

pressure differences)
e —>| control of air flow ]

T~ .:' '{
‘"‘:* il ‘ o »>| glazing |
= -~ daylighting
v —I-l light control (mirrors, prisms, screens) |
—>| light concentration (HOE, lenses) |
_ > buffer zones ‘
heating

Trombe wall |

Use of solar energy in building



indirect use
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heating, warm water

Y

cooling

collector systems

heat pumps

)

storage techniques

Y

production of electricity

v

absorption heat pump

thermo chemical storage systems

rain water cistern

photovoltaics

wind-power generators

Use of solar energy in building

parabolic mirror + stirling motor




type of use

direct use

77

application

Y

natural ventilation
(temperature gradient,
pressure differences)

systems (selection)

Y

daylighting

v

window ventilation

shaft ventilation

control of air flow

glazing

|
|
|
|

light control (mirrors, prisms, screens) |

indirect use
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Y

heating

light concentration (HOE, lenses)

Y

heating, warm water

buffer zones

|

thermal mass (also combined with TIM) |
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Trombe wall

Y

cooling

collector systems

14

heat pumps

)

storage techniques

Y

production of electricity

v

absorption heat pump

thermo chemical storage systems

I

rain water cistern

Use of solar energy in building

photovoltaics

vy

wind-power generators

.

parabolic mirror + stirling motor
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layered facade at the ,Procuratie Vecchie’, Venice, 1532.
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Direct/passive use of solar energy:‘AdaptabIe facade/Use of daylight

Redirection of daylight with deflecting prisms




Daylight quotient DQ

In %
Mirrored deflection unit, matte White ceiling 6
\
\ White glossy ceiling —5
\ \ (without aluminium mirror)
\ 4
< } T \ S
- ~ - - _3
I_Tght—def;cti;l B 2
Wi.th aluminium =
0
| | | | | | |
1 2 3 4 5 6 7 m
‘4 Work area D{ Room depth

Direct/passive use of solar energy:
Prismatic deflectors for optimised light distribution



ROS ////f«’:;\\k; . Cor_1tro!led daylighting
N / ’/’W «  Activation of thermal mass for temperature
] | control
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« Night-time radiation cooling and ventilation
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Private House in Ghadames, Libya

Direct/passive use of solar energy
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Deutsche Messe AG Headquarters, Hanover. Herzog+Partner 1999

Direct/passive use of solar energy:
Natural ventilation and night-time cooling

Climate concept:

» stack effect/ pressure differenc%s%[fi
 activation of thermal mass
» double-skin facade as ventilation

§
l'.
i

Source: Herzog, Krippner, Lang. Facade Construction
Manual. Basel: Birkhauser 2004. p. 25



Indirect/active use
of solar energy:
Hot-water

collectors for
heating

=
Source: Jan Cremers, Solarnext,

Private Home with Solar Thermal Application (around 1910), Cermany
Pomona Valley, USA http://www.solarnext.eu



http://www.solarnext.eu/

Heat pipe/vacuum tube collector

== ) = SorTech ACS 15, Germany (15 kW)

B
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Source: Jan Cremers, Solarnext, Germany,
http://www.solarnext.eu, Drawing: Stefan Bader, UTSoA

iy

Source: SorTech

Adsorption cooling unit

Indirect/active use of solar energy:
Cooling and hot-water generation through solar cooling


http://www.solarnext.eu/

Source: Jan Cremers, Solarnext, Germany, http://www.solarnext.eu,

H,O/LiBr EAW Wegracal SE15
in Rimsting, Germany for Office Space Cooling and Heating

37 m? Flat Plate and 34 m2 Vacuum Tube Collectors & Oil Burner Back-up
2,000 1 Hot Water Storage and 1,000 | Cold Water Storage

15 kW Cooling Capacity

35 kW Wet Cooling Tower Capacity

chillii® Solar Cooling System at Office Building SolarNext, Rimsting, Germany (Refit)

Indirect/active use of solar energy:
Cooling and hot-water generation through solar cooling

Sources: SolarNext

L
SOLARNEXT
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Training Academy, Herne, Germany, 1999. Arch.: Jourda+Perraudin, Lyon
with HHS, Kassel

Indirect/active use of solar energy: Building-Integrated Photovoltaics



Case Study 1

Simpson-Lee House
Mount Wilson, New South Wales, Australia,1994

Glen Murcutt, Sydney



Simpson-Lee House, Australia,1994
Shading of the interior and immediate outdoor area / rainwater collection
Highly reflective roof surface




sun angle during hot season

sun angle
during cold
season

use of daylight
natural ventilation

highly reflective, well
insulated roof

rainwater
collection

thermal mass

Main aspects of the

design:

Layout/floor plan related
to topography

Shading of the interior and
immediate outdoor area
during hot season

Highly reflective roof, well
insulated

Direct/passive use of solar
energy during cold season

Cross ventilation for night-
time cooling, especially
during hot season

/Activated’ thermal mass
for temperature control

Well insulated envelope
for energy conservation

Rainwater collection




rainwater
collection

RN

Simpson-Lee House, Australia,1994. Glen Murcutt, Sydney

Shading of the interior and immediate outdoor area/
Zoning of the floor plan/cross ventilation /well insulated envelope
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Simpson-Lee House, Australia,1994. Glenn Murcutt. Buildings and Projects 1962 — 2003.
Glen Murcutt, Sydney Thames & Hudson, New York, 2003, p. 212.

Facade during hot season Facade open during
with external shading moderate condition



Case Study 2

Administration Building in Wiesbaden/Germany

Herzog + Partner, Munich
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Administration Building, Wiesbaden, 2003. Herzog + Partner
Integrated approach towards design and operation of buildings




NetxEIB central logic Weather data Outer facade Main as pects of
human presence sensor controls: _
light sensor: daylight the design:

artificial lighting

« Building construction

Zal i with activated thermal

ilation f mass as temperature
Yensaton tiaps s ] control element
Light fitting
i « Human presence

sensor: controlled

)

Workplace 1 | lighting and
Connection \ [ E ventilation
Convector /Ef_\\ - Daylight control for
. — ] comfort and energy
conservation

« Energy consumption

Ventilation flap control
P Y, of comparable

NextEIB central logic . and NextEIB central logic : M

human presence sensor human presence sensor: office buildings (96
window contact: Thermally activated floors fresh-air intake kWh/m2a for heating,
fresh-air heating heating, cooling cooling, electricity)

Integrated approach towards design

and operation of buildings




LA

South facade:
Use of diffuse daylight:

Daylight deflection when sky
IS overcast

Integrated approach towards design

and operation of buildings

pEEIET
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South facade:
Use of direct daylight:

Shading and daylight deflection
when sun is shining

Integrated approach towards design

and operation of buildings




North facade:
Use of diffuse daylight:

Daylight deflection when sky
IS overcast

Integrated approach towards design

and operation of buildings

v ] —— s e—— |I
SOKA Bau, Wie b@en, 2003. Thomas Her rtner
I B



Where do we go from here?



User
Requirements

Indoor air
temperature

Surface
temperature

Relative indoor
air humidity

Air
change

Luminance

Lighting
intensity

Energy
Consumption

Building:Skin

Heating
energy

Cooling
Energy

Artificial
lighting

Building
services

Climatic
Parameters

Outdoor air
temperature

Air
movement

Relative outdoor

air humidity

Solar
radiation

Research in the field of the  Building Skin‘ as the decisive system with
regard to physical properties and thermal performance of buildings




Experimental
- research
In the field of:

\

Shading systems

T P

Daylighting systems

Glare control systems

Ventilation systems

“ﬂlt:ki-i'

Cooling systems

Building integrated
photovoltaics

Activated thermal mass

Integrated building
services

:.f_ AN \V

Thermal Lab at UTSoA (view from south- east)
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Resources

American Institute of Architects
Committee on the Environment (COTE)

Mission: “... promote the role of the architect as a leader in preserving and
protecting the planet and its living systems.”

2008 Top Ten Green Projects Awards

www.aia.org/cote
www.usgbc.org
www.architecture2030.org

UT Austin School of Architecture — Center for Sustainable Development

60



City of Austin / Austin Energy

Programs
Austin Energy Green Building
GreenChoice™ Renewable Energy
Power Saver™ Program
Volunteers
Power Partner Thermostats
Refrigerator Recycling
Free Home Improvements
ENERGY STAR® CFLs

Loans

Home Performance with ENERGY STAR®
Solar

www.austinenergy.com/

Rebates

Home Performance with ENERGY STAR®
Air Conditioning

Solar Photovoltaics

Solar Water Heaters

Pool Pump and Motor

Tools and Tips

Participating Companies

Energy Efficiency Tips

How to Read your Meter

Online Energy Audit—Home Energy Analysis
Green Building Workshop

Energy Efficient Apartment Search

ENERGY STAR® Appliance Dealers
Speakers on Energy Topics

UT Austin School of Architecture — Center for Sustainable Development
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Dr. Werner Lang

Dr. Lang joined the UT School of Architecture Faculty in
2008, where he is currently teaching building construction,
sustainable design and the use of renewable energies in
architecture. His focus in research ison the energy
performance of buildings and the relationship between the
environment and architectural design.

Dr. Lang is member of the Center for Sustainable
Development at the UT School of Architecture. He 1s a
practicing and licensed architect and one of three managing
directors of Lang Hugger Rampp GmbH Architect




