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B Urban Informatics Lab (UIL)

We analyze data to understand interactions between
people, buildings and energy systems in cities.
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B Urban Informatics Lab (UIL)

We analyze data to understand interactions between
people, buildings and energy systems in cities.

Intra-building Community dynamics Urban-scale
dynamics (inter-building) dynamics
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Our offices have changed...

image sounce: Office Space |1999), Judgmental Fims




B ...for the better or worse?

Image source: Formaspace



B COVID pandemic has taught us a few things

Our results show that firm-wide
remote work caused the collaboration
network of workers to become more

static and siloed, with fewer bridges
between disparate parts.




Bl Offices had problems even pre-COVID




—

0

Lacks co-optimization of
occupants + building

A

systems
!

L

e (" =
Occupants Building
Space Data-driven optimization + design intems
Time  oplte
Social/Org t Nime

[
J




i Privacy-aware occupant state inference
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Sonta, A. J., Simmons, P. E., & Jain, R. K. (2018). Understanding building occupant activities at scale: An integrated knowledge-based and dala-driven approach. Advanced 10

Engineering Informatics, 37, 1-13.



B Occupant layout optimization: application to lighting systems

Large distance

m f

| State 2 — g — 4

.| Small distance i ' N B
M State 3 - T /| \ L 50 kWh 1%1 k#h
Occupant schedules Distance metric Layout optimization Energy simulation

P Low-cost dynamic design solution results in 5% energy
savings for 150+ person lighting system

Sonta, A., Dougherty, T., & Jain, R. K. (2021). Data-driven optimization of building layouts for energy efficiency. Energy & Buildings, 238, 110815. 11



Bl Beyond energy: opportunities for social interactions

7am 7pm
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Bl Beyond energy: opportunities for social interactions
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When do interactions occur?
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Bl Future vision: towards energy efficient and collaborative spaces

Occupant-driven building control Occupant social/organizational network
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B Phi-GPT: Foundational GenAl model for modeling operations of faci E

Challenge: Need to make multi- @]

dimensional decisions on facility MAC g Comamation

operations (cooling, energy usage, L. '

worker movement) E =
Problem: Traditional process models Feedback
are too onerous; data-driven models - g

Cloud Computing

Heat Map Sarvers

decisions

need lots of data + bad at out of
sample predictions + hallucinations

Approach: “Teach ChatGPT building
physics and other first-principles”

Millions of simulated data +
real data to “teach” LLM

LLM

Potential Impact: Enable near-real time
model informed decision making on
data center operations

15



B Urban Informatics Lab (UIL)

We analyze data to understand interactions between
people, buildings and energy systems in cities.

Intra-building Community dynamics Urban-scale
dynamics (inter-building) dynamics
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Bl Data-driven Urban Energy (DUE) — Simulation (-S), Benchmarking (-
Analytics (-A)

Rrshee Jain

K= g Heat transfer
‘4 s agme ®—> Shading
- Urban heat island

1 - Nutkiewicz, A., Yang, Z., & Jain, R, K. (2018). Data-driven Urban Energy Simulation (DUE-S).Applied Energy, 225, 1176-1188,
2- Nutkiewicz, A., Chol, B., & Jain, R. K. (2021). Exploring the influence of urban context on building enargy retrofit performance. Advances in

Applied Energy
3- Yang, Z., Roth, J., & Jain, R. K. (2017). DUE-B: Data-driven Urban Energy Benchmarking of Buildings... Energy and Bulldings, 163, 58-69

4 - Shivaram, R., Yang, Z., & Jain, R. K. (2021). Context-aware Uirban Energy Analytics (CUE-A)... Sustainable Cities and Society, 102978. 1 7



Bl Data-driven Urban Energy (DUE) — Simulation (-S), Benchmarking (-
Analytics (-A) “

Designer/Owner: What is the energy
impact of design changes/retrofits given
the urban context?

Policy-maker: Which buildings do we
target for what type of retrofits?

Lol AL B Physics.

¢ = s+ @ —> Heat transfer

1 - Nutkiewicz, A., Yang, Z., & Jain, R, K, (2018). Data-driven Urban Energy Simulation (DUE-S).Applied Energy, 225, 1176-1189,

2- Nutkiewicz, A., Chol, B., & Jain, R. K. (2021). Exploring the influence of urban context on buikding enargy retrofit performance. Advances in
Applied Energy

3- Yang, Z., Roth, J., & Jain, R. K. (2017). DUE-B: Data-driven Urban Energy Benchmarking of Buildings... Energy and Bulldings, 163, 58-89
4 - Shivaram, R., Yang, Z., & Jain, R. K. (2021). Context-aware Urban Energy Analytics (CUE-A)... Sustainable Cities and Society, 102978.
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Nutkiewicz, A., Yang, Z., & Jain, R. K. (2018). Data-driven Urban Energy Simulation (DUE-S): A framework for integrating engineering simulation and
machine learning methods in a multi-scale urban energy modeling workflow. Applied Energy, 225, 1176-1189. 18



Bl Results: DUE-S reduces number of buildings needed to achieve 80 :
possible urban electricity savings
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Nutkiewicz, A., Choi, B., & Jain, R. K. (2021). Exploring the influence of urban context on building energy retrofit performance: A hybrid simulation and data-
driven approach. Advances in Applied Energy, 100038. 19



I Data-driven Urban Energy Simulation (DUE-S): Key results

Integrates Al + physics for
urban scale building energy '/‘TI““ZIL
modeling (with context) [ | —

Inform retrofit targeting to A=
reduce required buildings by '
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energy, transport)
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Bl Future vision: affordable housing, land-use and energy sustainabiliti
intertwined challenges e e

Housing Land-use Building + transportation

O o
BAI 73% of
+

energy

@ )

Lalo Alcaraz, Capital and Main hitps://deatricksanfrancisco. weebly. com/land-use. htmi Energy Information Administration
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rishee.jain@stanford.edu

uil.stanford.edu

Thanks!
Questions?
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