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❑Many technologies for decarbonization 
buildings are already available. 

❑Policymakers, utilities and building owners 
need a shared techno-economic model for 
aligned decision-making.

Key Ideas



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

Climate Change and the Building Sector

We have  340 GtCO2 and  25 years left to 
make the global building stock carbon neutral.

The global building stock is projected to double by 
2050. 

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


❑ Increase annual retrofitting rate to 5%

❑ All new construction is carbon neutral

❑ More efficient space use.

MIT-SDL Pursues a Three-pronged Solution:
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Most Economical Strategy: Go “All electric”

Case study: Climate Driven Design I (C Reinhart)

Rooftop PV

Air Source Heat Pump

Owner perspective
❑ Heat pump + rooftop PV 

pays for itself in 12 years
buts uses the grid as a 
free battery.

Grid perspective
❑ Installing a heat pump 

increases the electric 
peak by 25%



Scalable Strategy: Deep Retrofit + HP + PV

Figure: Climate Driven Design I (C Reinhart)



Empower building owners, operators nd 
policymakers everywhere to conduct such an 
analysis via actionable online platforms.

Our Vision



Urban Building Energy Modeling (UBEM)

❑ Combing big urban data with building performance simulation
C F Reinhart and Cerezo, 2016, “Urban Building Energy Modeling – A 
Review of a Nascent Field,” Building and Environment, 97:196–202



2016 - Boston Building Energy Study

❑ In collaboration with the Boston Redevelopment Authority with support from the Massachusetts Clean Energy 
Center we created an UBEM with has over 80,000 buildings. 

❑ The model to explored new energy supply technologies such a micro-grids and district heating/cooling.

C Davila Cerezo, J Bemis and F Reinhart, “Modeling Boston: A workflow for the efficient generation and maintenance of 
urban building energy demand models from existing geospatial datasets,” Energy, 117, pp. 237-250, 2016



2022-Applied framework in 26 cities

Y Q Ang, Z M Berzolla, S Letellier-Duchesne, V Jusiega and C Reinhart, 2022, UBEM.io: A web-based framework to rapidly 
generate urban building energy models for carbon reduction technology pathways, Sustainable Cities and Society

❑ Approach scales globally.
❑ Need to standardize model input and data collection. (Global Building Inventory effort at MIT) 



Massachusetts Building Inventory (MABI)

https://mabi.mit.edu/

❑ Collaboration with the Commonwealth of Massachusetts and local utilities
❑ The same model is used to inform incentive policies and grid planning and provide 

recommendations to home owners
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Are homeowners willing to pay that much?



What is the minimum payback time that you would accept for a 
retrofit upfront cost of $x, or is it too expensive?

Willingness to Pay Survey + Regression Model

Z. Berzolla, T. Meng, and C Reinhart, 2025, “Deal or No Deal: U.S. Homeowners’ Willingness to Pay for 
Residential Building Retrofits”, Environmental Research: Infrastructure and Sustainability



Willingness to Pay | Deal or No Deal 

❑ Key input variables are household income, upfront cost and concern about emissions

❑Costs will vary depending on location.

Z. Berzolla, T. Meng, and C Reinhart, 2025, “Deal or No Deal: U.S. Homeowners’ Willingness to Pay for 
Residential Building Retrofits”, Environmental Research: Infrastructure and Sustainability



Upgrade Prediction for Oshkosh, WI

Z. Berzolla, Y. Q. Ang, S. Letellier-Duchesne, and C Reinhart, 2023, “An eight-step simulation-based framework to help 
cities reach building-related emissions reduction goals”, Environmental Research: Infrastructure and Sustainability

❑ The Landlord/Tenant Challenge

❑ High-income, high-ownership neighborhoods 
adopt

❑ Low-income neighborhoods left behind

Low retrofit

Medium retrofit rate

High retrofit rate (approaching net zero)



Designing Resilient and Prosperous Cities

MIT –Energy in Action

M. Arcaya, S. Rimenez Riofrio, N. Ting, C. Reinhart; Collaborators: La Comunidad, Electrify Everett, Everett 
Community Growers, MAPC, City of Everett; Photos https://www.instagram.com/electrifyeverett/

❑ Fall 2024: Three evening workshops to inform residents about state retrofit incentive programs which are mostly 
used by affluent household

❑ Direct impact: Workshops resulted in a waitlist of 600 energy-efficiency (MassSave) projects in Everett



Closing Thoughts

❑Many technologies for decarbonization buildings are already available. 

❑Policymakers, utilities and building owners need a shared techno-economic model for 
aligned decision-making.

❑There is a acute need for green workforce training.

❑Crucial gap for critical cooling situations. 

❑We are scaling the MABI effort globally. Current partners are located in Brazil, India, 
Norway, Portugal and Singapore and the UK. Reach out if you would like to learn more.



Thank You

MIT Building Technology Program 2023
Christoph Reinhart- creinhart@mit.edu


