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CityBES: A Data and Computing Platform
for Urban Buildings

Tianzhen Hong LBNL



CityBES.LBL.gov

CityBES District Buildings t Scenarios  Simulate

® Hide Building Filters

Site Energy Use - 555 California

Properties Range 5
Intensity Name 555 California

Building Type Esmall Office (<=2322 m?) s L Building Type Large Office
FiMedium Office (2322 to 9290 m?) 22 Year Built 1969
FiLarge Office (9290 m2) : - 33 Number of Stories 52
BSmall Retail (<=1200 m?) , » — Total Floor Area 145789 m2
FIMedium Retail (>1200 m?) :

FiOthers

Year Built

Total Floor Area

EnergyStar Score

RRRE Baseline Measured Result for 2014

2 e = == - okl | : - R | =T S S .= Benchmark Status Complied
EnergyStar Score 68

o . ; Site EUI 83.4(kBtu/ft2)
Parameter Options ? g ; N EoR e ¥ A= ;,.‘: calfa <Y 4, Source EUI 204 .7(kBtu/ft2)
; = Total GHG Emissions Intensity 6.4(kgCO2e/ft2)
Baseline Measured for 2015 - e i 1 ‘ | E’ & Weather Normalized Site EUI 85(kBtu/ft2)

i ‘ Weather Normalized Source EUI 206 .5(kBtu/ft2)

@ Hide Building Coloring Options

Result options

Color buildings by Site Energy Use Intensity

Baseline Measured Result for 2012

Benchmark Status Complied
EnergyStar Score 71

Site EUI 91.7(kBtu/ft2)
Source EUI 234(kBtu/ft2)
Weather Normalized Site EUI 86.6(kBtu/ft2)
Weather Normalized Source EUI 227 8(kBtu/ft2)
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Integrating City Data in Open Standards

Data (sources) Building Footprint Land Use Assessor Record Energy Disclosure
_— Parcel Number City Permits:
Processing BuildingiD < (APN) e Buildi it
Mapping & Integration utiding permits
’ * Plumbing permits
/ * Electrical permits
. Master Building Dataset . :

Intermediate Results e * Boiler permits

Simplify & Etandardize -: -!%BEDES

B Es =
GeolJSON GDB

BRICR UrbanSim ESRI Apps
(DOE) (UCB) (ESRI)

ENERGY TECHNOLOGIES AREA

Unique Building
Identification (UBID)

End products ".

(different formats) Cl-ty

CityBES

Applications (LBNL)
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Visualize Building Energy from City Ordinance

CityBES Start District Buildings Benchmarking Retrofit Scenarios Renewables Simulate Team

© Show Building Filters

@ Hide Building Coloring Options

Parameter Options

Result nplions Baseline Measured for 2015 v

Benchmark Status

Benchmark Status
Complied

Im Exempt

I Pending
Violation

https://citybes.lbl.gov/?sf _ecbo=1
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Evaluate Photovoltaic Potential

CityBES  Start  District Buildings ~ Benchmarking  Retrofit Scenarios District Energy  Si

TrmE Tz CityBEs  Stert CRSRSWEEAN senchmarking  Retrofit Scenarios  Renewables  District Energy

Renewables: Photovoltaic (PV)

This feature estimate the ensrgy generation of the photevolizic (PV) energy systems
Please specify the area for PV and modify the parameters of a PV module in the following panels.

ameters of a PV module (Available from manufacturer's s

© Show Buiding Filters

© Hide Buiking Coloring Options
Parameter Options.

Rl opticns Photovoltaics Potential

IRE e TR

© Show Debug Options

Cell Type CrystallineSilicon v
Number of cells in a module 60
Current at maximum power (A) 7.5 Cell
Voltage at maximum power (V) 30
Array
Short circuit current (A) 3.3 Fig. Tllustration of 2 PV system: Cell=>Module=>Array
Open circuit voltage (V) 36.4
Area of the PV module {m?) 1.65
Area for PV
Percentage of roof area for PV (%) 60
Tilt angle from harizontal (degree) 31.8
Orientation South v

Click the Calculate Photovoltaic Potential button below to start the simulation.

ulate Photovoltaic Pr

Evaluate the photovoltaic potential of 8,665 buildings in Northeast San Francisco

ENERGY TECHNOLOGIES AREA

Simulate

Team

PV Generated Energy
Intensity

Unit: kWh/m?(roof
area)




Evaluate building retrofits at large scale:
940 office and retail buildings in Northeast San Francisco

Six ECMs (payback within 5 years) together
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Percentage of buildings (%)
|

o = | s N s s o |
Retrofit analysis results for individual ECMs . * . * %
Site energy use saving percentage (%)
LED lighting [ me————— b a3 - —
Plug load controller | n—— )20 Ten ECMs except Reroof
Occupancy sensor | m— a3 L w0 : , :
Daylighting sensor | m I 18 ‘;‘ _
Temperature setpoint | 0.0 g‘ 8 4
Windows replacement mm m Large Office —— 7.3 T
Cooling S\C/isc;cem upgrade ® Medium Office 6.7 3 er | _ i
i 128
| . Add Economizer | mm Small Office 4
Heating system upgrade ™ . ) . 1067 o T .
Service water heater upgrade 1 Medium Retail B 305 g
Reroof | B Small Retail S A E 2r .
O
0 5 10 15 20 250 50 100 150 ;1__: .
Site energy saving percentage (%) = Payback year (year 20 L * > 0
Y year (year) Site energy use savin ercentage (%)
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Visualize San Francisco Climate

[ CityBES Start

Select time range +

Dry Bulb Temperature(F) Relative Humidity (%) Solar Radiation (Wh/m2) Wind Speed (m/s) Heatndex  “

start 2017 v 08 v 28 v 03:00 ~

end 2017 v 09 v 05 v 03:00 «

Time resolution

o e

Value at 2017-09-01 15:00:00--84738

99.8 -

Distribution of points on the time-series

0.2

0.1 ‘ San Bruno Mountain
2 : . State Park

. - Dalabaaa
[
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CAL-THRIVES: A California Toolkit for Heat Resiliency in
Vulnerable Environments

€ A project funded by the California Strategic Growth Council

STRATEGIC
€ Project location: Fresno, California ' SSS‘,\’,"JIT
€ Partners: West Fresno Family Resource Center, Indicia Consulting, USC
@ Project Objectives: € Technologies and
B ' o Increase resilience to heat Strategies:

-~ waves in vulnerable . . |
N disadvantaged communities o Assess viable passive cooling
. measures
1-70% a Provide tools and resources o Assess viable, low-GHG active
1-60% that help local governments, cooling measures
1-50% communities, and utilities o Map extreme heat vulnerability
31-40% 1 H 1
o o Incorporate community needs Z‘gt:;:lf:ﬁigfadva”taged
11-20% and inputs throughout the _ _
h ~ oroject o Improve efficacy of cooling shelters

Note: Higher score is more disadvantaged community
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Data-driven Urban Energy (DUE-) - Simulation
(S), Benchmarking (B), Analytics (A)

Rishee Jain Stanford University



Digital Twin — a virtual utility for analyzing
building energy

Joshua New ORNL



Building Energy Modeling

= Option D (BEM) only
used in ~8% of
federal performance
contracts

= Only cost-effective

for large projects
(>S$2 million)

= What about cities?

BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND

National Laboratory | INTEGRATION CENTER

Development Costs%

Project Development Costs as % of Project Investment
(based on sampling of federal ESPC projects)

50%

3,000+ building survey, 23-97% monthly error
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Model America 2020 — BEM for every U.S. Building

il
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= Goal: Stimulate private

1 Y sector activity for

— efficient buildings
Benchmark Reduce Offset

1. Extract important e 2. Create initial building 3. Make models IGA
inputs from available data energy model(s) available online  Walkthrough

[
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Overview of data and software

= 124 million BEM pata Sources e

by 12/31/20

= Analysis of
energy and
demand
measures

= Freely available
in 2021

BUILDING TECHNOLOGIES
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Automatic Detection and Building Energy Model Creation (AutoBEM)

* Imagery (satellite, aerial) ==

.....

- Street-level imagery
- Cartographic Iayers A
— Elevation, GIS = _ e
’ Y e

* Tax assessors

* Ranking of descriptors

EE and Demand impacts
(281—4 617 per building type)

Software Tools

* Occupancy (every 90m)

* Aerial - best footprints

« Street - height, type, WWR
» LiDAR - geometry

* GIS - database API

* Building type

* Model generator

« Fastest buildings simulator

 Web-based visual
analytics

Result Slmulated bundlngs for any area of interest that match 15-minute electrical

data more accurately than most manually created models

16



What matters and how much?

" SenSItIVIty analySIS for a“ bU||d|ng types Small  Outpatien Large Office Medium Office Hospital Warehous Small Hotel Large
* 80% of commercial buildings - 16 climate zones, 16 — °e v _— - — e _— "'
building types, averaging 5.75 vintages
g yp _’ . g g g Strip Retail Quick Service Full Service Mid Rise | High Rise Secondary Primary
e 281'4,617 bUIIdlng descrlptOFS (eg thermOStat, Mall Restaurant Restaurant Apt Apt School School
insulation |eve|) were modified Inputs | 800 438 281 286 1464 4617 1621 1051

* Fractional Factorial (FrF2) resolution IV statistical design
of experiments

= Summarize 768 lists of impactful variables
* 254,544 annual simulations were completed on the
nation’s fastest supercomputer (Titan)

* 216 Excel spreadsheets were created listing the energy
and demand impacts of each building property

= Quantify Most Important Building Parameters

*  Top 10 annual energy (kWh) and demand/peak-shaving (kW)
variables for each of the 16 building

* Publication in-review with supplemental Excel spreadsheets for
each bldg. type, location, and vintage for 47-470 variables each.

BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND

National Laboratory | INTEGRATION CENTER 17




Data sources

* Database and image sources for urban model generation

— Satellite and airborne imagery
— Cartographic data

— Ground level images

— Elevation data

— Building information databases

— 3D building model databases

BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND

National Laboratory | INTEGRATION CENTER

Short Title
Summary Satellite imagery, including panchromatic and multispectral images
Data type Image
Company
Website

Temporal resolution

Cities - 3-11 times per week

Spatial resolution 03 m
Measure accuracy

Cost $11 per sq. km
Format GeoTiff
Mapping to building input Building footprints

variables

Mapping to area properties

Vegetated areas, road surface, buildings, parking lots

Mapping to material properties

Road pavement materials (e g concrete, asphalt), parking lots (e g gravel soil)

Coverage of US Over 10 million km" of coverage of the contiguous US
Orientation Aenal

Exsting internal software MN/A

Existing expertise Remote sensing data analysis tool
Restrictions N/A

Comments

18
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SN

Open Competition Precision/Recall — 30/35
ORNL Current Precision/Recall — 60+/60+

19



3D Building Model Generation

Street-level Image Processing (height)

IIIIIIIIIIIIIIIIIIII
%0AK RIDGE |sisucycs
National Lab

aboratory | INTEGRATION CENTER
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Windows (blue)
Facade (green)
Street/open (black)
Other building (red)

BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND

National Laboratory | INTEGRATION CENTER

Input image

Window-to-wall ratio

Ground truth

Facade Type

Model output

21



Oak Ridge National Laborator

Years

SRR L3 [ —— P o . 4500N
- |« - N P e
wr. e P \ Name: Central Research & Administration North
E . > - = - ko >’ Year Built: 1952
.« g;e
il Number of People: 450
Gross Square Footage: 363,980

Number of Floors: 3

Energy Usage (for isualization purposes only, data is inaccurate): 0.9

i \gS

4

——

URBAN DYNAMICS
INSTITUTE r

OAKRIDGE NATIONAL LABORATORY \~ OAK RIDGE NATIONAL LABORATORY

%OAK RIDGE

National Laboratory

BUILDING TECHNOLOGIES
RESEARCH AND
INTEGRATION CENTER

4512

OAK RIDGE

BUILDING TECHNOLOGIES
D
National Laboratory

RESEARCH AN
INTEGRATION CENTER

22



e University of Tennessee (2 days)

e
s g
N A

Name: Art & Architecture Building
Year Built: 1900

Number of People 84

Gross Square Footage: 2

Number of Floors: 4

Energy Usage (vis only, data inaccurate)

N

bit.ly/ut_buildings

CLIMATE CHANGE URBAN DYNAMICS
SCIENCE INSTITUTE INSTITUTE

OAK RIDGE NATIONAL LABORATORY

OAK RIDGE NATIONAL LABORATORY
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The AutoBEM Technology “axe”

135,481 building models have been created and matched to EPB’s PremiselD
Limitations: limited building types, not calibrated, will improve quarterly
QA/QC: will show how close our simulations are to 15-min data

3.5+ million EnergyPlus building energy models using AutoBEM technology, Titan, cloud, and local servers to produce and analyze
13 TB of simulation data.

1. Generate baseline building — OpenStudio (1.5-3h Amazon, 30h internal)

2.  Run ECM measures — OS Measure (30 mins AWS, 2h internal), Custom (1m AWS, 5m intl.)

3. Copy data to Titan — 1 min (1.2GB tar.gz)

4. Submit to Titan — 0-2 hours in queue

5. EnergyPlus simulation time — 30-45 mins (5mins/sim = 1.4 years to simulate EPB on 1 core)

6. Data transfer — 40 mins (160GB tar.gz)

7. Uncompress — 10-15 mins

8. Reformat data —20-30 mins Time for creation, annual simulation, and analyzing “all” EPB buildings
9. Analysis —5-10 mins 6.5 hours (6.1h —36.5h)

BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND

National Laboratory | INTEGRATION CENTER
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Virtual Utility — interactive results

E=energy (MWh), D=demand (kW), [min,avg,max]

1. Lighting Efficiency (0.85 W/ft?)
60246 E=[77, 784, 6757] D=[23, 999, 14410]
ID 60246
DOE Building Type SmallOffice

2. Infiltration (reduce 25%)

E=[40, 774, 4648] D=[-0.8, 840, 14020]
Num Floors 3
Percentile 8770 % 3. Insulation (R16.12 to R28.57)
Estimated wholesale vs retail cost $ 9797.07 E=[12, 204, 1600] D=[1.9, 817, 13928]
CO2 emissions e 4. Smart thermostat 2.2C (4F) pre-condition

Ibs/year
Smart Thermostat - 4F cost savings $ 1316.61
Smart Thermostat - 8F cost savings $ 2325 .84

TMY—=AMY Smart Thermostat - 4F
cost savings

TMY—=>AMY Smart Thermostat - 8F
cost savings

HVAC Efficiency ECM $1291.79
Gas HVAC ECM $ 4276 69
Gas Water Heater ECM $ 72558
Heat Pump Water Heater ECM $476.95
Insulation ECM $736.27
Infiltration ECM $ 1577 .50

Lighting ECM $ 2898 .95 \ s WAL NS
. Ry ‘gl = = 3 AN i = Sep Q'i\‘\
L " &% W -2
GE EE'SLE%'ESH'AND
National Laboratory | INTEGRATION CENTER 26

D=[-938, 918, 13907]
Bldg_12210017046

Annual Jan Feb
Electricity/Savings Demand/Savings Demand/Sa

Baseline 41282530.14 kWh 846314 kW 842613 k

Change
Elec Base 0.09 kWh 155.27 kW 323278 K
coP

Change

Lighting
D ower 2796916.23kWh  975.65 kW

Density
Change
Roof 68807296 kWh  267.15 kW
& Insulation
Change to
® Elec Water -24140.75kWh  152.50 kW
Heater

E=[-72, 1.4, 525]

- ECM

$ 20499

$103.41

Change to
® Gas Water 0.09 kWh 155.27 kW
Heater

Change
Space  411236.67 kWh  176.59 kW
Infiltration

Smart
Thermostat 14573.47 kWh 155.27 kW
A Doacoo




Accuracy compared to 15-minute data
" Empirical Validation

* 15-minute whole- Use Cases Measures
building electrical for ° Peak rate structure . ngllztltlr;g H}/ACI CiOP
« Demand-side mgmt intitration, INsulation
178’368 b|ng « Emissions « Smart thermostats
* More accurate than - Energy efficiency - Water heaters
BEM created by a - Customer education » PV/solar

« EV charging

I l | I I I la I l ORNL posts AutoBEM EPB retrieves
§ : datat or

% error of the average - « Dual-fuel HVAC
manually-created | . : - Microgrids
BEM when compared  pqg t- $11 —35 million/year in potential savings |dent|f|ed via simulation-informed data

to measured data and valuation for energy, demand, emissions, and cost impact to EPB and each
customer for each building under five use cases covering nine monetization scenarios

1Garrison, Eric, New, Joshua R., and Adams, Mark (2019). "Accuracy of a Crude Approach to Urban Multi-Scale Building Energy Models Compared to 15-min Electricity
Use." Best PhD Student Paper award. In Proceedings of the ASHRAE Winter Conference, Atlanta, GA, Jan. 12-16, 2019. [PDF] [PPT]

BUILDING TECHNOLOGIES
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http://web.eecs.utk.edu/~new/publications/2019_ASHRAE_EPBmatch.pdf
http://web.eecs.utk.edu/~new/presentations/2019_ASHRAE_EPBmatch_presentation.pdf

Virtual Utility Integration

GSA Analysis - Technology Improvements

Map showing

premises, sized

by Demand
Value
AutoBEM
output
ORNL posts EPB Connects to
summary data summary data for
" dashboards

ORNL
Creates & maintains
virtual building models

EPB Requests additional
AutoBEM variables

EPB
Receives data and
analyzes output,
driving business
decisions

a

south Pilt_t"s'burg -

National Laboratory INTEGRATION CENTER

Process is now IN FULL SWING

¢ OAK RIDGE |suone ricoLocrs

Chart

showing
monthly
demand
value

24,854 21,524

Jan Cemand

=

—_
il
(=}
=
[

Feb Cemand
avings (kW)
Apr Demand
avings (kW)
Jul Cemand

=
Jun Demand

-
avings (kW)

Mar Cemand
May Demand
Aug Demand
Sep Dernanﬂl

savings (kW)

g
savings (kW)
g
<

Cleveland

Billing RateCohulla
Il GSA >50 <1000, >15000KH, .~
leigold . GSA %maofzsuo

Monthly Demand Savings (KW) for Smart Thermostat 4 degree

Improvement Type

. Smart Thermostat 4 degree

15,145 18,788

. = = - -

Oct Dernarlcl
=avings (k'u'u‘
MNov Cemand
Cec Cemand

w

,
-

GSA 50 <1000, >15000KH
GSA >1000 <2500 Use of filters

Smart Thermostat Price

Billing Rate %O

(A1)
CO-Gen

GPP

G5A SEASON >50 <1000
G54/GES <SO0KW <15000KWH create an

coems e interactive

Lights experience

Misc

MSB 1P30 for business
Pumping Station use rS, d r|V| ng

Residential

TD GS2 & TDHUD business

TesAz decisions
TOU

VPI-NO PER KW CHARGE

[$375 |

Annual Demand Cost Savings ()

avings (kW)

g

Q <>

Annual Demand Savings ($)

$3,052,571

53,000,000

52,000,000

51,000,000

1
C
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Tech Commercialization Fund with Google

* Environmental Insights Explorer
* https://insights.sustainability.google/

ENVIRONMENTAL INSIGHTS EXPLORER

Impact begins with insights.
Explore data to make informed decisions
and inspire action.

Rooftop solar potential ®
Google estimate
Medium among other cities

237,000

Total tCOze per year

Building emissions ®
Google estimate
Medium among other cities

484,000

Total tCOze per year

Emissions reductions

il. Explore the data

T
Transportation emissions ®
Google estimate

Medium among other cities

524,000

Total tCOqe per year

Residential
Non-residential

-

— p
3= Explore and customize

BUILDING TECHNOLOGIES
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https://insights.sustainability.google/

AutoBEM ROM Estimates

Cost estimation™:

* $50,000/building - Typical cost of walkthrough audit and model creation
(medium size and complexity)

* $5,000/building — high-fidelity model creation and visual analytics
incorporating street-level imagery

* $900/building — AutoBEM model creation and visual analytics
 S7/building — Utility-scale AutoBEM model creation and visual analytics

*this is only a ROM estimate. Final costs are determined by the funding mechanism, applicable overhead rates, and the final statement of work. Strategic
Partnership Projects (SPPs), formerly known as Work For Others (WFO), recommends $50,000 minimum per project.

BUILDING TECHNOLOGIES
%OAK RIDGE RESEARCH AND

National Laboratory | INTEGRATION CENTER 30




URBANopt: An Open Source Software
Development Kit For Urban Energy Modeling

Ben Polly NREL



Urban building energy modeling methods

Christoph Reinhart MIT



Panel Discussion

* Modeling approaches: physics vs data-driven

* 3D city models: data and standards; interoperability
* Multi-physics co-simulation: tight vs loose coupling
* Uncertainty: quantification and reduction

* Multi-scale: city block, district, neighborhood, city, urban area
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