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Basic NeedsBasic Needs

Nourishment 
Shelter/Habitat
Health
Freedom
Mobility/Accessibility
Community with Diversity
Pursuit of Happiness/Opportunity
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Time to move from object to continuumTime to move from object to continuum

the aesthetics of the processionalthe aesthetics of the processional
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Source: Thomas Hylton
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Land Use in Pennsylvania

Source: Thomas Hylton
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Land Use in Pennsylvania

Source: Thomas Hylton
Cranberry
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Land Use in PennsylvaniaLand Use in Pennsylvania
Cities with Population Loss

Philadelphia  -23%
Pittsburgh -45%
Scranton -34%
Harrisburg -41%
Reading -33%
Johnstown -55%
Erie -16%

Pennsylvania has lost an area of 
farmland larger than the combined 
size of Connecticut and Rhode IslandSource: Thomas Hylton
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Land Use in Pennsylvania

Source: Thomas Hylton
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Dolores Hayden a Field Guide to Sprawl
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www.pedbikeimages.org / Dan Burden

Which future?

Vehicle miles have risen by 
80% from 1980 to 2000, while 
population rose only 21.5%, 
with both energy and health 

consequences.
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Rand 2004 study, N=8686, 38 cities

Certainly energy costs,                      
but chronic health conditions                    

and sprawl?
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infiltration
28%

evaporation
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runoff
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Water in Agricultural Landscape
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infiltration
5%

evaporation
25%

runoff drain
70%

Water in Urban Regions
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Sustainable design depends on 
the promotion of infrastructures to 

neighborhood amenities.

landscape for water management & environmental quality
landscape integral with  mixed-mode transportation

district power and heating
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Towers Gold landscape architects

Cool Roofs and “Cool Community” developments reduce 
annual cooling loads by 10% and peak cooling by 5%              
with carbon sequestration, storm runoff management,             

and a 6-8% reduction in smog. 
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Milan on the Mon?

Addressing our transportation 
weaknesses can become major   

enterprise opportunities…



During the 1996 Olympics in Atlanta, city officials reduced 
vehicle traffic by 22.5% and 

asthmas related emergencies decreased 41.6%
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Asthma
emergencies

Peak ozone
levels

Traffic
reduction

Source: Friedman et al., 2001 (CDC/JAMA)
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U.S. Energy Consumption by EndU.S. Energy Consumption by End--Use SectorUse Sector

Source: EIA Annual Energy Review 2003
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Annual Energy Consumption by U.S. Commercial BuildingsAnnual Energy Consumption by U.S. Commercial Buildings

Total: 11,987 trillion Btu/yr

=  3.51 trillion kWh/yr

Data source: EIA 1999 Commercial Buildings Energy Consumption Survey.   (Conversion: 3,412 Btu = 1 kWh)
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Electricity EfficiencyElectricity Efficiency

2002 Electricity Flow, in Quadrillion Btu (1015 Btu) (Conversion: 1 quadrillion Btu = 293 billion kWh)

Total energy consumed to generate electricity in 2002 is 39.56 quadrillion Btu = 11.59 trillion kWh

Source: EIA, Annual Energy Review 2002, Diagram 5.
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Dolores Hayden A Field Guide to Sprawl
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U.S. Commercial Sector Carbon EmissionsU.S. Commercial Sector Carbon Emissions

Source: Koomey 1996
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The Role of UniversitiesThe Role of Universities

In the US there are about 4000 colleges with almost 16 million 
students
Combined annual expenditures exceed US $ 275 billion, which is 2,8% 
of GDP, this is greater than the GDP of all but 25 nations
In the  near absence of long term US National policy, institutions of 
higher learning should lead the country by example
Beginning collaboration between Texas A&M, Carnegie Mellon 
University, ISR, SNC, & UMD
Sponsored by Congressmen Doyle, Hall, Barton, Mollohan, Hoyer, 
Gibbons and Senator Reid 
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First Passive/Active Solar House in an Inner-City Neighborhood, 1976
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Neighborhood Wide Redevelopment an Inner-City, 1980-82
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The Intelligent Workplace The Intelligent Workplace 
as an enabling instrument foras an enabling instrument for

Individual Comfort and Productivity
Organizational Flexibility
Technological Adaptability
Energy and Environmental 
Effectiveness



Security
Reliability
Quality
Effectiveness

Energy Services

Distributed
Energy Generation 
and Supply

Air/ Water
Heating/Cooling
PVD

(power, voice,
data, video)

PLATFORM

THEATER
Stage set

Flexibility
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The Intelligent Workplace, CMU

Project Room

Conference Room (pre 
“service pub”)

“Service Pub” :
equipment, ergonomics, places to 
pause and sit, interactive tools
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Buildings Can be Net Exporters Buildings Can be Net Exporters 
of Energyof Energy

Systems Integration for:

• First, life cycle, environmental cost reduction
• Increased energy effectiveness 
• Improved performance for user comfort
• Reliable and effective control technology
• Reliable energy supply
• Increased Return on Investment

Advanced 
Building
Systems

Innovative
Energy

Systems

Controls
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Domestic Hot Water/Domestic Hot Water/
Water mullionWater mullion

Daylighting/Daylighting/
natural ventilationnatural ventilation

Innovative Energy SystemsInnovative Energy Systems
AscendingAscending--Descending StrategyDescending Strategy

rejected heat

Natural Gas/
Bio gas

rejected heat

rejected heat

rejected heat

Fuel CellFuel Cell

Heat RecoveryHeat Recovery
Steam GeneratorSteam Generator

Steam TurbineSteam Turbine

AbsorptionAbsorption

BoilerBoiler

DesiccantDesiccant
CoolingCooling

Chilled WaterChilled Water
CoolingCooling

Lighting,Lighting,
Computers Computers 

SolarSolar
PVPV

SolarSolar
ThermalThermal

chilled waterchilled water

regen. hot waterregen. hot water

Electrical Electrical 
EnergyEnergy

hydrogen via electrolysishydrogen via electrolysis

-----------------------------------------------------------------------------------------------------------------
Geothermal Environment

Natural Environment
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Building As Power Plant (BAPP)Building As Power Plant (BAPP)
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Annual Load Profile of Typical Office BuildingsAnnual Load Profile of Typical Office Buildings

Typical Office Buildings Annual Heating/Cooling Load Profile
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Annual Load Profile of BAPPAnnual Load Profile of BAPP

BAPP Annual Heating/Cooling Load Profile
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Annual Load Profile of BAPPAnnual Load Profile of BAPP

BAPP Annual Heating/Cooling Load Profile – Energy exported to the grid
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BAPP Primary Energy Consumption BAPP Primary Energy Consumption –– More DetailsMore Details

Comparison of Primary 
Energy Consumption 
between BAPP and US 
average
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Annual Site/Primary Energy Consumption in Office BuildingsAnnual Site/Primary Energy Consumption in Office Buildings

Data source: 

EIA, Commercial Building Energy Consumption Survey 1995;  PG&E, Commercial Building Survey Report 1999;  UK National Statistics
* Germany average practice is calculated based on the energy consumption measurements of 15 German office buildings built between 1990 and 2002 (with primary 

energy consumption ranging from 180kWh/m2 to 1,000kWh/m2).
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Generational transformation in the Built Generational transformation in the Built 
EnvironmentEnvironment

10 20 50 100     years

Buildings, 
Infrastructure

European towns

Infrastructure renov.

Building renovation

Human Generation

Building use 

IT Hardware

IT Software

After :N. Kohler 2003



Center for Building Performance and Diagnostics, a NSF/IUCRC, and ABSIC at Carnegie Mellon

The Order of CivilisationThe Order of Civilisation

The fast layers innovate, the slow layers stabilize – the 
whole combines learning with continuity …

The fast layers innovate, the slow layers stabilise. The 
whole combines learning with continuity. 
Stewart Brand – The clock of the long now. 1999

Fashion

Commerce

Infrastructure

Governance

Culture

Nature

Invigorate

Sustain
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Two Planets meet in SpaceTwo Planets meet in Space

One has homo sapiens sapiens
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