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Carbon Neutrality Goals by Country

Figure: Climate Driven Design |
C. Reinhart, 2024

Lot .
Net zero achieved®* Net zero in policy document No goal © Climate Analytics and NewClimate Institute. All rights reserved.
This content is excluded from our Creative Commons license. For
B Netzeroinlaw B Net zero in discussion or pledged *Benin, Bhutan, Comoros, ~ moreinformation, see https://ocw.mit.edu/help/fag-fair-use/

Gabon, Guyana, & Suriname
O In April 2024, 148 countries representing 90% of the world's population and GDP achieved, committed or
proposed to fully decarbonize their economies by 2070 ,

Mit SUSTAINABLE DESIGN LAB April 2024; Data sources: Energy and Climate Intelligence, Carbon

Neutrality Coalition, Climate Action Tracker



1952 Paley Commission “Resources for Freedom”
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Volume I

Foundations for Growth and Security

A Report to the President by

THE PRESIDENT’S MATERIALS POLICY COMMISSION

June 1952

Source: Public domain

Recommended to President Truman “permanent economic growth, powered by cheap fossil fuels of
arbitrary origin, as the over-arching political priority of the twentieth century” \

Illil- S U S TA | N A B L E D E S | G N L A B Images: Left: https://www.google.com/books/edition/_/1JI7MRn01aAC?hl=en&gbpv=0

Right CBS founder William S. Paley, circa 1939, Library of Congress, https://www.loc.gov/pictures/item/2016874918



https://www.loc.gov/pictures/item/2016874918
https://www.google.com/books/edition/_/1Jl7MRn01aAC?hl=en&gbpv=0

What are the drivers behind these
unprecedented goals?
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Illil- S U S T A I N A B L E D E S I G N L A B © Livia Ferguson/Greenpeace. All rights reserved. This content is excluded from our Creative Commons license. For more

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




Survival - Coastal

Cities are disappearing
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it SUSTAINABLE DESIGN LAB Source: Ulet Ifansasti for The New York Times; https://WWW.nytimes.com/2023/05/19/podasts/a—sinking—

capital-and-more-the-week-in-reporter-reads.html


https://www.nytimes.com/2023/05/19/podcasts/a-sinking

Extreme Weather Events between 1950 and 2020

Figure: Climate Driven Design |
C. Reinhart, 2024

B Wildfire B Heat wave B Storm
Sun ¥ Drought

O 92% of events happened during the last out of seven decades
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|||i|' S U S TA | N A B L E D E S | G N L A B Data source: U.S. National Oceanic and Atmospheric Administration (NOAA)



Climate Change and the Building Sector

A
‘Global temperature increase [*C]

__ Long-term target 2.0

37—

Net zero building stock

Building Stock

I
2020 2030 2040 2050

Adapted from Figures 1, 2 and 3 in Weber, Ramon, Caitlin Mueller, and Christoph Reinhart. “Building for Zero: The Grand Challenge of Architecture
without Carbon.” SSRN, October 8, 2021. https://doi.org/10.2139/ssrn.3939009. Courtesy of Elsevier, Inc., Used with permission. 8

R Weber, C Mueller and C Reinhart, Christoph, Building for Zero, The Grand Challenge of

Mir SUSTAINABLE DESIGN LAB Architecture without Carbon (October 8, 2021). http://dx.doi.org/10.2139/ssrn.3939009



http://dx.doi.org/10.2139/ssrn.3939009
https://doi.org/10.2139/ssrn.3939009

Our Challenge

We have 340 GtCO2 and - left to
make the global building stock carbon neutral.



The building stock is projected to double by 2050

Figure: Climate Driven Design |

' 461 bn m? total floor area in 2050 I 235 bn m? existing floor area in 2017

226 bn m? new built until 2050 Courtesy of Elsevier, Inc., Used with permission.
10

- R Weber, C Mueller and C Reinhart, Christoph, Building for Zero, The Grand Challenge of
Mir SUSTAINABLE DESIGN LAB Architecture without Carbon (October 8, 2021). http://dx.doi.org/10.2139/ssrn.3939009



http://dx.doi.org/10.2139/ssrn.3939009

Total annual carbon emissions from buildings

Figure: Climate Driven Design |
C. Reinhart, 2024

667GtCO, by 2050

512GtCO, by 2050

Emissions from the built environment [GtCO,/yr]

Year
— Business as usual; - Net zero operational; Net zero operational + embodied;
Renovation rate 1%/yr; Renovation rate 5%/yr; Renovation rate 5%/yr;
Zero operational new Zero operational new Zero operational and embodied
construction by 2050 construction by 2030 new construction by 2030
11
Courtesy of Elsevier, Inc., https://www.sciencedirect.com. R Weber, C Mueller and C Reinhart, Christoph, Building for Zero, The Grand Challenge of

Mifr SUSTAINABLE DESIGN LAB Used with permission. Architecture without Carbon (October 8, 2021). http://dx.doi.org/10.2139/ssrn.3939009



http://dx.doi.org/10.2139/ssrn.3939009

1 Increase annual retrofitting rate to 5%

] All new construction is _
0 More EfIGIERESPREE use.




What technology pathways leac

to net zero retrofits?
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Case Study - New England Ho
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O Detached single-family 1350ft> home in Boston, constructed during the 1920s.
 How can our residents get to while living in the house? y
Illil— S U S TA I N A B L E D E S I G N L A B Case StUdyI Climate Driven Design I (C Reinhart)



Standard Advice: Going “All electric”

Roofto \
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it SUSTAINABLE DESIGN LAB Case study: Climate Driven Design | (C Reinhart)



Scenario 1: Going “All electric”

Owner perspective Utility perspective

Hourly Loads

10.71C0,e US$50,000 /’\\YQ

s
=
?
US$4723 To:
US$4024 E
°
5.3tCO,e US$25,00 il
New peak: Jan 30 6am Time of day Old peak: Jul 19 1pm
E 5.6kW 4.5kW
: .
= Annual Loads
o
o
US$0 . 0.3tC0Oe USSO %,:
Utility costs [USS] Carbon emissions [tCO_e] Retrofit cost[US$] =
B Gas furnace (baseline condition) Heat pump B Heat pump + rooftop PV Day of year
M Gas furnace (baseline condition) Heat pump M Heat pump + PV
 Heat pump only has negative payback. O Installing a heat pump increases the peak by 25%
 Heat pump + rooftop PV pays for itself in - O Peak reductions if on-site storage is installed.

buts uses the grid as a free battery.
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it SUSTAINABLE DESIGN LAB Case study: Climate Driven Design | (C Reinhart)



Nuanced Advice: Deep Retrofit + HP + PV

=
=
=
o
o
S
>
o
B
o
G
o
i
o 3.9 3.9 _ .
2 27 27

Total upgrade cost [US$] - 0* 1050 1150* 2000 2935 5320 19,320 26,900 44,900 61,400

Utility Cost [US$/yr] 4024 3806 2961 2786 2361 2095 2008 1609 1424 3488 0
Emissions [tCO,e] 10.7 10.6 9.7 8.9 8.4 7.0 6.4 4.2 3.2 0.3 03
Overall payback [yr] - 0 T L 2 __________________ 2_2_710 _________________ 85 ____________________ 15 _____________
*) after rebate
I Cooling M Heating B Hot Water
Lighting Equipment

O Alonger payback time but a _ and comfortable home.

17
Figure: Climate Driven Design |

Mir SUSTAINABLE DESIGN LAB C. Reinhart, 2024



Commonwealth Building Energy Map

€ Annual utility cost (electricity + heating fuel) 2
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O 2.5 million buildings in Massachusetts; collaboration with the Office of Climate Innovation and Resilience
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L . . https://ubem-gis.vercel.app/buildings-map
Designing Resilient and Prosperous Cities
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Commonwealth Building Energy Map

Number of viable upgrades by tract Sk
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O Where are the viable projects? Where will be the jobs?

19
S. Wolk and C. Reinhart, “Semantic Building Energy Modeling:
Designing Resilient and Prosperous Cities Stock Level Analysis Across Scales”, in preparation



Commonwealth Building Energy Map

MHES. _,l Seorch Property

500 Main Street

Smallville, MA

&7 Combridge 5t in Smallville, MA, is o single-family home,
constructed in the 19405 It has not been rensvated since then,
The furnace has an 80% to 20% chance of being heated by
natural gos or ail.

Current Utilities Estimate

Annual $1,200 - $2,000
Utilities ~10-50 torsCO2e

$900 - $1,200

©—B:20 1omCO2e

Electricity

Natural Gas $300 - $800
/Propane ~2.30 onscO2n

i

ml

TAKE ACTION —

SUSTAINABLE DESIGN LAB

20

Graphic: S Ajienka , M A Jin, S Wolk and C Reinhart under preparation
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Christoph Reinhart- creinhart@mit.edu
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MIT OpenCourseWare
https://ocw.mit.edu/

RES.ENV 007 Geothermal Energy Networks (GENSs): Transforming our Thermal

Energy System
IAP 2025

For information about citing these materials or our Terms of Use, visit: https://ocw.mit.edu/terms.
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