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We shape buildings, and afterwards our

buildings shape us.

– Winston Churchill
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https://quoteinvestigator.com/2016/06/26/shape/


Buildings

operational energy:
! 35% of primary energy, 38% of GHG emissions worldwide (UN, 2020)
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https://wedocs.unep.org/bitstream/handle/20.500.11822/34572/GSR_ES.pdf?sequence=3&isAllowed=y
https://nyc-ghg-inventory.cusp.nyu.edu
https://www.nccs.gov.sg/singapores-climate-action/singapore-emissions-profile/
https://wedocs.unep.org/bitstream/handle/20.500.11822/34572/GSR_ES.pdf?sequence=3&isAllowed=y
https://www.buildinggreen.com/blog/we-spend-90-our-time-indoors-says-who
https://www.frbsf.org/economic-research/publications/economic-letter/2022/september/remote-work-and-housing-demand/
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Buildings

operational energy:
! 35% of primary energy, 38% of GHG emissions worldwide (UN, 2020)

" far higher percentage of city building emissions
" (NY 70%, in contrast to Singapore 20%)

embodied energy:
! building construction: 5% of energy, 10% of emissions (UN, 2020)

health:
! people spend 87% of their lives indoors and 6% in enclosed vehicles

(LBNL, 2001)
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embodied energy:
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health:
! people spend 87% of their lives indoors and 6% in enclosed vehicles

(LBNL, 2001)
! COVID, ventilation, and real estate (SF Fed, 2022)
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Buildings

operational energy:
! 35% of primary energy, 38% of GHG emissions worldwide (UN, 2020)

" far higher percentage of city building emissions
" (NY 70%, in contrast to Singapore 20%)

embodied energy:
! building construction: 5% of energy, 10% of emissions (UN, 2020)

health:
! people spend 87% of their lives indoors and 6% in enclosed vehicles

(LBNL, 2001)
! COVID, ventilation, and real estate (SF Fed, 2022)
! a!ordable & su"cient housing

Mackay: how much it takes to heat, cool and use various appliances
! how much energy is used in buildings?
! how much more e"cient can buildings be?
! what specific activities in buildings lead to energy use (and waste)?
! how can we motivate individual users to save energy in buildings?
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Sankey diagrams for the US and every state at flowcharts.LLNL.gov
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https://flowcharts.llnl.gov/
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© The Pew Center. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://ocw.mit.edu/help/faq-fair-use/


Pacific Northwest National Lab, 2006
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Public domain image courtesy of the US Department of Energy. 

http://www.pnl.gov/main/publications/external/technical_reports/PNNL-16263.pdf


Pacific Northwest National Lab, 2006
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Public domain image courtesy of the US Department of Energy. 

http://www.pnl.gov/main/publications/external/technical_reports/PNNL-16263.pdf


Pacific Northwest National Lab, 2006
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Public domain image courtesy of the US Department of Energy. 

http://www.pnl.gov/main/publications/external/technical_reports/PNNL-16263.pdf


Pacific Northwest National Lab, 2006
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Public domain image courtesy of the US Department of Energy. 

http://www.pnl.gov/main/publications/external/technical_reports/PNNL-16263.pdf
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Heat transfer ! heating loss and load

Three ways to gain and lose heat from
house to the environment:

ventilation (conduction,
infiltration): air moving in and
out (drafts)
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Heat transfer ! heating loss and load

Three ways to gain and lose heat from
house to the environment:

ventilation (conduction,
infiltration): air moving in and
out (drafts)

conduction: heat transfers out,
i.e. molecules excite neighbors,
etc. (through external walls,
ground slab)
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Heat transfer ! heating loss and load

Three ways to gain and lose heat from
house to the environment:

ventilation (conduction,
infiltration): air moving in and
out (drafts)

conduction: heat transfers out,
i.e. molecules excite neighbors,
etc. (through external walls,
ground slab)

radiation: generated and
absorbed photons (transmission
through windows; absorption to
roofs)

Check out NIST paper for a detailed
breakdown.
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Heat transfer → heating loss and load

Conduction and ventilation depend on temperature difference between
inside and outside ∆T , while radiation depends on area:

Energy loss:

conduction = area× U × (∆T × time) (1)

ventilation = volume× N × (∆T × time) (2)

radiation = area× solar intensity (3)
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What happened to Mackay’s house in 2007? p. 295
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Table courtesy of David MacKay. 



David Mackay’s house in Cambridge (UK)

“Main ways to lose heat energy are conduction and
ventilation”:

conduction = 232W /◦C = 78%

ventilation = 90W /◦C = 22%
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Image © source unknown. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://ocw.mit.edu/help/faq-fair-use/


David Mackay’s house in Cambridge (UK)

“Main ways to lose heat energy are conduction and
ventilation”:

conduction = 232W /!C = 78%

ventilation = 90W /!C = 22%

added cavity wall insulation

increased roof insulation

added new storm door

replaced back door and window with double-glazed
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Windows
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Public domain image courtesy of the US Department of Energy. 



Materials (Golbazi and Aktas)
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Courtesy of Elsevier, Inc., https://www.sciencedirect.com. 

https://www.sciencedirect.com


Heating degree days (Mackay, appendix E)
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Heat pumps (Randolph and Masters)
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© John Randolph and Gilbert M. Masters. All rights reserved. This content is excluded from our 
Creative Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://ocw.mit.edu/help/faq-fair-use/


U.S. climate zones

http://www.eia.gov/consumption/commercial/maps.cfm
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Public domain image courtesy of the U.S. Energy Information Administration. 

http://www.eia.gov/consumption/commercial/maps.cfm


U.S. climate zones
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Public domain image courtesy of the U.S. Energy 
Information Administration. 
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Home Sense monitor
Home Nest monitor
Home SolarEdge monitor
Home electricity monitor
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sense.com
nest.com
solaredge.com
eversource.com


IEA, Tracking Buildings, 2020

David Hsu (MIT) Buildings & energy efficiency October 4, 2022 33 
52

Image courtesy of IEA. License: CC BY. 

https://www.iea.org/reports/tracking-buildings-2020


IEA, Tracking Buildings, 2020
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Content courtesy of IEA. License: CC BY. 

https://www.iea.org/reports/tracking-buildings-2020


IEA, Tracking Buildings, 2020
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Content courtesy of IEA. License: CC BY. 

https://www.iea.org/reports/tracking-buildings-2020


IEA, Tracking Buildings, 2020
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Content courtesy of IEA. License: CC BY. 

https://www.iea.org/reports/tracking-buildings-2020


IEA, Tracking Buildings, 2020
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Content courtesy of IEA. License: CC BY. 

https://www.iea.org/reports/tracking-buildings-2020


IEA, Tracking Buildings, 2020
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Content courtesy of IEA. License: CC BY. 
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IEA, Tracking Buildings, 2020
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Content courtesy of IEA. License: CC BY. 

https://www.iea.org/reports/tracking-buildings-2020


Marghetis et al, 2019, Nature Energy
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© Springer Nature Ltd.. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://www.nature.com/articles/s41560-019-0467-2
https://ocw.mit.edu/help/faq-fair-use/


Marghetis et al, 2019, Nature Energy
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© Springer Nature Ltd.. All rights reserved. This content is excluded from our Creative 
Commons license. For more information, see https://ocw.mit.edu/help/faq-fair-use/. 

https://www.nature.com/articles/s41560-019-0467-2
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Marghetis et al, 2019, Nature Energy
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Marghetis et al, 2019, Nature Energy
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Project on indoor AQ in NYC
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