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Transforming Cities

Cities drive our economy and dominate energy and environmental challenges

70% Energy / 80% GDP
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How to reduce 50% energy use in city building stock?

* Buildings in cities consume 30-70% of the
primary energy

* Cities have different building energy use profiles

* The building sector has the most potential to

save energy
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Support cities on decision making for meeting
the 80 X 50 goal

o Support building energy disclosure ordinance: building energy visualization AC H I EVl N G

and benchmarking 8 O 5 O
o Prioritize building retrofit investment: quantitative modeling and analysis X

Reducing Energy Use, Creating Jobs,
and Phasing Out Carbon Emissions

o Track and report building performance (energy use and GHG emissions) PR B
o Inform policy and evaluation: incentives/rebates, climate change, heat waves

o Guide urban energy planning: ZNE communities, smart energy districts

Our Partners / Collaborators

o Cities: San Francisco, Oakland, San Jose, Los Angeles

o Developers: FivePoint serda

o DOE labs: ANL, NREL, ORNL, PNNL Energy.Innovation. Solutions.
o NIST Global City Teams Challenge
o Organizations: NYSERDA, RTA, C40, USDN, Smart Cities US D N directors network
Council, IEAEBC
o Universities: UCB, EPFL, Darmstadt, Tsinghua, RTA , » GLOBAL CITY
Renewable Thermal Alliance ® O TEAMS

O

Companies: SideWalk Labs, Autodesk, MEP Associates,

Integral Group Environment - = (= q
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CityBES.LBL.gov

(A Platform for City Buildings)

CityBES  Introduction  Start [RESGIEENERLEE  Retrofit Scenarios  Simulate  Team

Q[#]|©)

L 555 California

® Hide Building Filters

Site Energy Use

Properties Range
Intensity Name 555 California
Building Type Esmall Office (<=2322 m?) UBE: kta/ i Building Type Large Office
FiMedium Office (2322 to 9290 m?) 22 Year Built 1969
FlLarge Office (>9290 m?) e Number of Stories 52
FISmall Retail (<=1200 m?) — Total Floor Area 145789 m2

FAMedium Retail (>1200 m?)

FiOthers Baseline Measured Result for 2015

B Year Built

B W Total Floor Area

B EnergyStar Score

Number of remaining buildings. 1573

Filter Buildings
TR N B e e NN

® Hide Building Coloring Options

Baseline Measured Result for 2014

Benchmark Status Complied
EnergyStar Score 68
Site EUI 83.4(kBtu/ft2)

Parameter Options Source EUI 204.7(kBtu/ft2)
] gk ot ; Total GHG Emissions Intensity 6.4(kgCO2e/ft2)
! Baseline Measured for 2015 Weather Normalized Site EUI 85(kBtu/ft2)
Weather Normalized Source EUI 206.5(kBtu/ft2)

Color buildings by

Site Energy Use Intensity
Baseline Measured Result for 2013

Benchmar

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

Building Footprint Land Use Assessor Record Energy Disclosure
Data (sources) (SF GSA Technology) (SF Planning) (SF Assessor-Recorder) (SF Environment)
. Parcel Number
Processing BuildingID ) (APN)
Mapping & Integration
Intermediate Results Master Building Dataset
(CSV, GDB file)
Simplify & Standardize -: .!%BEDES
— o
N BN

End products CityGML GeoJSON GDB "EpEEEE-

(different formats) C ItyG ML

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

CityBES

Applications (LBNL)
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CityBES Workflow and Use Cases

Database
Weather
= [ } Building Stock GIS (building technologies,
o Data
(i} utility |::|E|ta|I EtE.]
' ._.I.
CityGML N
(3D City Models) il ) 7
- + : ’ :ﬂ - l%ﬁ
o5 E i 4 AN
i R —
® E = Simulation . Visualization of
- = m
= E 2 Engine CBES SDK CItyBES Performance
=
: l l : l
O
©
QO Energy PV Potential, Energy Retrofit N
District E
b Benchmarking Water Use Analysis Istrict Energy
2
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Evaluate building retrofits at large scale:
940 office and retail buildings in Northeast San Francisco

Six ECMs (payback within 5 years) together

6

. Energy Cost Saving
S Unit: $ ]

51658

97989
144320
190652
236983

_— 514971
— 561303
607634

Percentage of buildings (%)

m . . . . o = | e e s o |
Retrofit analysis results for individual ECMs 20 B 40 50
— = Site energy use saving percentage (%)
LED lighting | ree———————— :
Plug load controller | n— )20 Ten ECMs except Reroof
Occupancy sensor | EE— 143 S . | |
Daylighting sensor | n— I 18 2 -
Temperature setpoint | 0.0 % sl |
Windows replacement m Large Office 673 5
Cooling system upgrade B Medium Office ——— ae7 g e ] .
| Add Economizer | mm ! I 28 2
- Small Office o
Heating system upgrade ™ . . ——— 106.7 o 4T 4
Service water heater upgrade 1 Medium Retail - 30 =
Reroof | M Small Retail e NA "f:‘ 2| _
Q
(8]
0 5 10 15 20 250 50 100 150 @ o
Site energy saving percentage (% Payback year (year & 2 = 0 0 &0
=Y =P ee (%) Y year (year) Site energy use saving percentage (%
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SF building energy ordinance

CityBES Start District Buildings Benchmarking Retrofit Scenarios Renewables Simulate

© Show Building Filters

@ Hide Building Coloring Options

Parameter Options

Result nplions Baseline Measured for 2015 v

Benchmark Status

https://citybes.lbl.gov/?sf ecbo=1
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Benchmark Status
Complied

Im Exempt

I Pending
Violation
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Benchmarking Performance of City Buildings

Benchmarking with DOE Building Performance Database

Select a City to Compare With All US Cities v

There are 83503 matching buildings in DOE Building Performance Database.

There are 522 buildings in CityBES with measured Site Energy Use Intensity.
L
- L
& o & 0

Measured Site EUI Benchmarking

25
- ™~
] -

20

10
| I I
0

quQ e

Percent of Buildings (%)

O &= AR O

. &7 . Y . o g < R G o & P
&) [ “ ) ‘) - o’ & o A A8 o o o a i
' b 8 s ok 5 K " o N &

-

2

Site EUI (kBtu/sqft/year)

@ AIlUS Cities @ All US Cities Median @ Target Buildings @ Target Buildings Median

Comparing site EUI of 522 office buildings in San Francisco with 63503 office buildings in the BPD.
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Evaluate Rooftop PV Potential

© Show Building Filters

Renewables: Photovoltaic (PV) e BH%M“QMMM

. Parameter Options. .

This feature estimate the ensrgy generation of the photevolizic (PV) energy systems e e e =
Please specify the area for P\ and modify the parameters of a P module in the following panels. RN ontions Photovoltaics Potential v
R Sl ©' Genersted Energy Intensity v

Parameters of a PV module (Available from manufacturer's fications)
Cell Type Crystallinesilicon v e
Plocl/ e S i
Number of cells in a module 60 R 7 F:
© Show Debug Options
Current at maximum power (A) 7.5 cell
Voltage at maximum power (V) 30
Array
Short circuit current (A) 8.3 Fig. Tllustration of a PV system: Cell=>Module=>Array
Open circuit voltage (V) 36.4
Area of the PV module (m?) 1.65
Area for PV
PV Generated Energy
Percentage of roof area for PV (%) 60 E i Intensity
/ J Unit: kWh/m?(roof
area]
Tilt angle from harizontal (degree) 31.8
Orientation South v

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

late Photovoltaic Pot al

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

(A feature in development)
Load

profile Load profiles (simulation or user upload)
inputs 3y
| Monthly load by building type ~Annual load by
Load profile & Coollng o | building types
W -
heat recovery P eating NN R E ) 1 &
potential . NS
visualization Heanaw - - I ;
mw E e EmmEN - Em oy H E = ‘
Jease specify the systems you want to compare D | St rl Ct Syste m
DiStriCt ::;E:n:::li:'e;aditiona\ Boiler and Chiller pe rforma nce Com pa rison
SySte ms ™™ Natural Gas v chmertvpe \ Boiler + Chiller| CHP GSHP
) Condensing Type Condensing . Chiller TPLY » Capital Cost
a SS u m pt | O n S Boiler Efficiency (%) Operation Cost
MNPW
aaaaaaaaaaaaaaaaaaaa Energv
sou um Consumption
o ' GHG Emission
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Future of CityBES

(A submitted DOE proposal)

Data Engine App

CityBES-Plus App

CityGML > CityBES-Plus AP
District //T' +

EnergyADE Level ;
i CBES API ’ ,

UtilityNetworkADE l ) Third-party App

— . 1 | : X = \
" OpenStudio ++ QOptimization | \ ===s. ;-
SDK P :

' . ! » 7 |
goXML C e.gnergmeS @

“E\auwmwe Building / /’

hpxml ‘ Tariff DB
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Thank You

Han Li, Scientific Engineering Associate
Building Technology Department
hanli@Ibl.gov; (510) 486-7082
CityBES.LBL.gov
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