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PerformancePerformance--based designbased design Hundreds of sensorsHundreds of sensors

Integrated systems approachIntegrated systems approach Operable windowsOperable windows

Energy literate consumers Energy literate consumers Function drives formFunction drives form



What is the What is the ““gas mileagegas mileage”” of a building?of a building?



Engineers often are asked to optimize poor designsEngineers often are asked to optimize poor designs



Which can lead to catastropheWhich can lead to catastrophe



If covered in photovoltaics, this 
would provide only ~20% of the 
required energy for the John 
Hancock Tower 

(Source: L. Glicksman)

We must focus on 
the demand side



Cost of Carbon ReductionsCost of Carbon Reductions
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Source: McKinsey Consulting (2009)
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MOST COST EFFECTIVE ARE 
LESS THAN ~$20/tCO2e

Cost of Carbon ReductionsCost of Carbon Reductions
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Source: McKinsey Consulting (2009)

Clinker substitution by fly ash

Insulation retrofit (commercial)

Insulation retrofit (residential)

Retrofit residential HVAC

Building efficiency new build

Buildings offer costBuildings offer cost--effective COeffective CO22e reductionse reductions



Economics of Office BuildingsEconomics of Office Buildings

$1
$5

$200

Construction Operation Salaries

Over typical 
lifetime of 
30 years



ChallengesChallenges

••Improved tools for the conceptual design stage to Improved tools for the conceptual design stage to 
overcome gulf between professionsovercome gulf between professions

••LifeLife--cycle metrics for designers, policy makers, cycle metrics for designers, policy makers, 
and publicand public

••Lack of R&D in a conservative industryLack of R&D in a conservative industry



Current Structural ToolsCurrent Structural Tools

Architectural DesignArchitectural Design
-- Computational design tools are Computational design tools are 
widespreadwidespread

-- Emphasis on generative abilityEmphasis on generative ability

-- Lack legitimate performance Lack legitimate performance 
evaluationevaluation

1. Structural Analysis
2. - Computational analysis tools 

are widespread

3. - Emphasis on sophisticated 
performance predictions

4. - Not useful in conceptual 
design



We have analysis tools, but we need more design tools



Some conceptual design Some conceptual design 
tools under developmenttools under development

••EnergyEnergy
−− MIT Design AdvisorMIT Design Advisor

••StructureStructure
−− Optimally directedOptimally directed

−− InteractiveInteractive

••Integrated systemsIntegrated systems
−− DIVADIVA



Metrics for designers and policy makersMetrics for designers and policy makers

••Greater literacy needed on environmental impacts of Greater literacy needed on environmental impacts of 
buildingsbuildings

••We have focused on global warming potential (COWe have focused on global warming potential (CO22e)e)

••Life Cycle Assessment (LCA) provides a rigorous Life Cycle Assessment (LCA) provides a rigorous 
approach for quantifying emissionsapproach for quantifying emissions





The story of a can of CokeThe story of a can of Coke……..

•• Materials               Transport          Country        EnergyMaterials               Transport          Country        Energy/processing/processing
Mine -
Bauxite x 
1/2 = Al-O2

Australia

Ore carrier Sweden/
Norway

Smelter -
Al-O2 x 1/2
= Al

Sweden/
Germany

ship

Minedtruck Smelted
Heated/rolled 900F

truck

cold rolled

truck
England

Punched/formed into cans
washed, dried, painted x 2

laquered flanged
sprayed inside with 
a protective coating
inspectedPalletised/forklifted

warehoused

truck

Washed/cleaned/filled  

Water/flavored syrup/
phosphorus/caffeine/
carbon dioxide gas
sugar beet 

France

harvested
milling/refining

ship
truck

phosphorus

Idaho

excavated from mines
Reducing - electricity for 100,000 people

ship

chemical manufacturer
sealed

cardboard
color

forest pulp

Sweden/Siberia/
British Columbia

Palletized

truck

supermarket
purchased within 
three days

Drinking the cola takes a 
few minutes

throwing the can away 
takes a second

“In England, consumers discard 84% of 

all cans, which means that the overall rate 

of aluminum waste, after counting 

production losses, is 88%. The United 

States still gets three fifths of its 

aluminum from virgin ore, at twenty times 

the energy intensity of recycled 

aluminum, and throws away enough 

aluminum to replace its entire commercial 

aircraft fleet every three months.”

(Natural Capitalism)

Pic of coke cans

(Charles Ainger , Cambridge University)



Why Life Cycle Assessment (LCA)?Why Life Cycle Assessment (LCA)?

•• LCA quantifies environmental impactsLCA quantifies environmental impacts

•• Gives direction on areas for reductionsGives direction on areas for reductions

•• Must look up and down the supply chainMust look up and down the supply chain



Growing Use of Raw MaterialsGrowing Use of Raw Materials

Source: Wagner (2002)



Life Cycle Assessment (LCA) of BuildingsLife Cycle Assessment (LCA) of Buildings

Pre-use phase Use phase End of life

Extraction Heating Disposal
Manufacturing Cooling Recycling
Transportation Lighting Reuse
Concrete Fans Transportation
Steel Plug loads
Insulation Maintenance
Glass Energy Mix



Total 60Total 60--year emissions for year emissions for 
singlesingle--family housesfamily houses

2222
Source: Concrete Sustainability Hub @ MIT



Motivations for LCA workMotivations for LCA work

Growing demand for quantifying performance of structuresGrowing demand for quantifying performance of structures

2030 Challenge 2030 Challenge calls for carbon reductions of:calls for carbon reductions of:

60% in 2010 (of average carbon emissions for building type)60% in 2010 (of average carbon emissions for building type)
70% in 201570% in 2015
80% in 202080% in 2020
90% in 2025 90% in 2025 
CarbonCarbon--neutral in 2030neutral in 2030



Motivations for LCA workMotivations for LCA work

1)1) Growing demand for improved quantification of green Growing demand for improved quantification of green 
buildingbuilding

2030 Challenge calls for:2030 Challenge calls for:

60% in 2010 (of carbon emissions 60% in 2010 (of carbon emissions 
70% in 201570% in 2015
80% in 202080% in 2020
90% in 2025 90% in 2025 
CarbonCarbon--neutral in 2030neutral in 2030

Source: Sasaki Associates



OpportunitiesOpportunities

••Conceptual design tools are in their Conceptual design tools are in their 
infancyinfancy

••Design education can bridge gaps Design education can bridge gaps 
between engineering and between engineering and 
architecturearchitecture

••Industry, government, academic Industry, government, academic 
partnerships can overcome poor partnerships can overcome poor 
history of R&D in construction history of R&D in construction 
industryindustry



Source: Architecture2030



NetNet--Zero: Richardsville School, KYZero: Richardsville School, KY

•• Reduce demand to 30 kBtu/sf/yrReduce demand to 30 kBtu/sf/yr

•• Generate energy on site with PVsGenerate energy on site with PVs

•• Many integrated technologiesMany integrated technologies

2727



NetNet--Zero: NREL RSF, Golden, CO Zero: NREL RSF, Golden, CO 

•• Reduce demand to 35 kBtu/sf/yrReduce demand to 35 kBtu/sf/yr

•• Generate energy on site with PVsGenerate energy on site with PVs



South Africa National Parks asked for South Africa National Parks asked for 
a new visitora new visitor’’s center with:s center with:

-- local materials and local laborlocal materials and local labor

-- passive energy strategiespassive energy strategies

-- poverty relief programpoverty relief program



Mapungubwe Visitor’s Centre
Peter Rich, Architect
Henry Fagan, Engineer



Mapungubwe Visitor’s Centre
Peter Rich, Architect
Henry Fagan, Engineer



Mapungubwe Visitor’s Centre
Peter Rich, Architect
Henry Fagan, Engineer



Integrated design team developed low-cost soil-cement structural shells



••

World Architecture FestivalWorld Architecture Festival
Building of the Year, 2009Building of the Year, 2009

Earth Awards Finalist, 2010Earth Awards Finalist, 2010
Mapungubwe Visitor’s Centre
Peter Rich Architects



Measuring, managing, and reducing carbon Measuring, managing, and reducing carbon 
emissions will be the normemissions will be the norm

CostCost--effective carbon reductions will effective carbon reductions will 
transform the built environmenttransform the built environment

LCA provides rigorous benchLCA provides rigorous bench--marking of lifemarking of life--
cycle building performancecycle building performance

New conceptual design tools and software are New conceptual design tools and software are 
sorely neededsorely needed



Thank youThank you

John OchsendorfJohn Ochsendorf

jao@mit.edujao@mit.edu

Mapungubwe Visitor’s Centre
Peter Rich Architects
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Source: US DOE, Buildings Energy Data Book, 2006


