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Cities-LEAP

Cities Leading through Energy Analysis and Planning
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DELIVERS ENABLES INTEGRATE
standardized, localized Cities to lead clean strategic energy
energy data and energy innovation analysis into decision

analysis making
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WHY
CITIES?

Cities consume
approximately

of global eergy

SUPPORTS THE WIDESPREAD DRIVE A SEA
IMPLEMENTATION CHANGE

of city-sponsored, data-driven energy in the national
. . energy landscape.
policies, programs, and projects that
have the potential
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Cities-LEAP - Cities Leading through-Energy.Analysis.and Planning

FOUNDATIONAL
RESEARCH

City-Level Energy
Decision Making: Data
Use in Energy Planning,
Implementation, and
Evaluation in U.S. Cities

CITY ENERGY
PROFILES

Developed new,
replicable methodology
and generated a publicly
available city energy
profile for every U.S. city

Cities-LEAP
PROJECT

CITY ENERGY
FUTURES

Aggregate, national
economic and GHG
impact of suites of city
energy actions

FUNDING
OPPORTUNITY
ANNOUNCEMENT

Three awardees pursuing
innovative approaches to
incorporating

energy data in city
decision making

DATA TO DECISIONS
Pathways to apply data
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http://www.nrel.gov/docs/fy15osti/64128.pdf
https://eere-exchange.energy.gov/Default.aspx#FoaId624fc0da-a7e6-4bf6-b7ce-2228542b0013
https://apps1.eere.energy.gov/sled/#/

City-Level Energy Decision Making: Data Use in Energy

Planning, Implementation, and Evaluation in U.S. Cities
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- The most common actions fall in

the Transportation & Land Use and
Buildings & Efficiency sectors.
Aznar, A., M. Day, E. Doris, S. Mathur, P. Donohoo-Vallett. 2015. City-Level Energy Decision Making: Data

Use in Energy Planning, Implementation, and Evaluation in U.S. Cities. Golden, CO: National Renewable
Energy Laboratory. NREL/TP-7A40-64128. http://www.nrel.gov/docs/fy150sti/64128.pdf.
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Metrics
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http://www.nrel.gov/docs/fy15osti/64128.pdf

Factors that Impact City Energy.Decision.Making

* A city’s level of influence in each sector
* Political priorities

* Timing and opportunities

e Staff capacity

* Data availability and granularity, data management
and monitoring systems

e Cost considerations

Aznar, A., M. Day, E. Doris, S. Mathur, P. Donohoo-Vallett. 2015. City-Level Energy Decision Making: Data
Use in Energy Planning, Implementation, and Evaluation in U.S. Cities. Golden, CO: National Renewable
Energy Laboratory. NREL/TP-7A40-64128. http://www.nrel.gov/docs/fy150sti/64128.pdf.
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Cities-LEAP

Energy Data for Every -
U.S. City: 23,400+ U.S. Cities

Developed new, replicable
methodology, estimated:

* Electricity, natural gas,

vehicle fuel consumption, expenditures

* \Vehicle miles traveled
» Rooftop PV potential

* Building stock by area, number, use

 Commercial and industrial energy
consumption by NAICS code

* Building energy disclosure potential impact
* Housing types by income
* GHG emissions

Actual data on:

Registered vehicles

* Vehicle fuel types o B Homain. e ot e ek P

e Average fuel econom ?.'?ﬁlﬁfémmﬁfﬁmﬁ
° Y : e e
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https://appsl.eere.energy.gov/sled/
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City Energy Profiles: Electricity,.Natural. Gas

Electricity Statistics for Salem, Massachusetts in 2013
Learning about

ELECTRICITY USAGE ELECTRICITY EXPENDITURES
the energy (MWH) ($1000)
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Natural Gas Statistics for Cheyenne, Wyoming in 2013
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Electricity and Natural Gas Consumption and Expenditures

Methodolog

Integrated Public Use Microdata Series (IPUMS-USA)

IPUMS-USA EIA-861 EIA-176
Household electricity State electricity State natural
and natural gas cost consumption and gas consumption and

(PUMAS) expenditures totals expenditures totals

National Historic Geographic
Information System

Allocate state

IPF allocation
NHGIS of PUMA household energy usage to Aggregate
Census tract expenditures to congus tractei baseg on census tracts to cities
summary files census tracts based c:onsum;:jtllcn an and towns
on constraining expenditures
weights
EIA-861 Assign sales Calclate C-LEAP Residential
County electricity rates to census weights for energy consumption
rates tracts and calculate consumption and and expenditures
consumption expenditures pe
EIA-176
Utility natural gas
rates

https://appsl.eere.energy.gov/sled
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City Energy Profiles: Transportation.— Fuel Types

Light-Duty Alternative Fuel and Conventional Vehicle, 0akland, CA
Total number of light-duty vehicles: 252,500

Average fuel economy of light-duty vehicles: 25.5 MPG

https://appsl.eere.energy.gov/sled
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City Energy Profiles: Transportation.—Fuel Use, VMT

Vehicle Data for Gainesville, Florida in 2013

ON-ROAD VEHICLE FUEL USE et VEHICLE MILES TRAVELED BY ROAD
MEDIUM, AND HEAVY DUTY) CLASS
(GALLONS) (TOTAL VMIT)

m Gainesville: 37,478,900 |@ Download Chart] |@ Download Chart:

Cohort Avg: 33,786,000

Total VMT = 792,206,200 miles

gasoline — VMT per capita = 6,400 miles/person

diesel .l
local |
N T
s : a : 3
g g g g g collector [ ]
g g g 8 2 arterial |
free and expressways |
| cohort avg CohortMin  Cohort Max
interstate [

00" 000" 00T
D00 000" 00E
D00 000" 00

https://appsl.eere.energy.gov/sled
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City Energy Profiles: Buildings.&. lndustry.— Rooftop PV

Small Building Rooftop PV Potential, Denver cO

Suitable Small Bulldings Suitable area 5,000,000 m2
108,500 buildings
M Unsuitable Small Buildings Capacity potential 700,000 kW
64,000 buildings

Energy generation potential 1,000,000 MWh

https://appsl.eere.energy.gov/sled
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City Energy Profiles: Building Stock.Characterization

Building Stock Summary for Berkeley, California

Residential
Area; 63,000,000/t2
Number: 27,000
Average Area: 2, 300/ft2

By

Industrial

oM 5M 10M 15M 20M 25M 30m 35M 40M 45M 50M 55M GOM B65M TOM
Total Area of Buildings (ft2)

oM SM 10M 15M 20M 25M 30M 35M 40M 45M 50M 55M 60M 65M T0M
Total Area of Buildings (ft2)

I single Family Dwelling Manuf Housing Il Duplex a

B Triplex / Quads I Multi-dwellings (5 to 9 units) I Multi-dwellings {10 to 19 units) (/]

I Multi-dwellings (20 to 49 units) I Multi-dwellings (50+ units)

http://appsl.eere.energy.gov/sled/#/.
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City Energy Profiles: Commercial. & Industrial Activity

Commercial Activities for Port St. Lucie, Florida

Commercial Activities - Top 5 Electricity Number of Electricity Use Rank Electricity Use per Rank
Users Establishments (MWh) Establishment

Hospitals 2 14,263 1 7,131 1
MNonstore Retailers 30 13,153 2 438 4
General Merchandise Stores 13 11.611 3 8973 2
Administrative and Support Services 256 6,650 4 23 22
Food and Beverage Stores 41 4 968 = 121 10
Commercial Activities - Top & Matural Number of Matural Gas Use Rank MNatural Gas Use per Rank
Gas Users Establishments (McT) Establishment

Hospitals 2 57,073 1 28,536 1
MNonstore Retailers 30 17,019 2 567 3
Mursing and Residential Care Facilities 30 13,702 3 456 4
Ambulatory Health Care Services 2749 8,549 4 30 25
Educational Services 28 6,651 5 237 7

'® total usage

) per establishment

https://appsl.eere.energy.gov/sled

NATIONAL RENEWABLE ENERGY LABORATORY




City Energy Profiles: Commercial.Building.Energy. Benchmarking

Commercial Building Energy Benchmarking for Lakewood, Colorado

The following chart shows commercial properties from CoStar Realty Information, Inc. (www.costar.com) by
building area and property type. Cities can use this data to estimate the potential scope and impact of building
energy benchmarking policies or programs.

|' @ Download Charl\
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¥ M industrial
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400 +

0 -

=5,000 =10000 =15000 =20,000 =25000 =30000 =35000 =40000 =45000 =50,000

¥ W Fex

Total Number of Buildings

Minimum Building Area (sq ft)
) Building Area
® Number of Buildings https://appsl.eere.energy.gov/sled
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City Energy Profiles: Greenhouse.Gas.Emissions Summary

Annual Energy GHG Emissions for Redmond, Washington

Total GHG: 715,000 metric tons
GHG per capita: 13 metric tons/person
GHG per BTU: 0.08 metric tons/MMBTU

|f@ Download Chart|

residential |« commercial
Matural Gas _ 43,419 v/ industrial
metric tons I¢='|- diesel
Elex tricity [ gasoline

1] 25k S0k 75k 100k 125k 150k 175k 200k 225k 250k 275k 300k 325k 350k
Annual GHG emissions (metric tons)

Annual Energy GHG Emissions for Canton, Ohio

Total GHG: 1,750,200 metric tons
GHG per capita: 23 metric tons/person
GHG per BTU: 0.10 metric tons/MMBTU

|@ Download Chart |

ehicles [+l residential
residential v/l commercial
Matural Gas 85,874 Igl- in_dl.lstriﬂl
metric tons v/l diesel
Electricity [  gasoline
0 100k 200k 300k 400k 500K 600k 700k 800k 500k 1,000k
Annual GHG emissions (metric tons) https://appsl.eere.energy.gov/sled
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City Energy Profiles: Income.and.Housing Data

Estimated Housing Units by Type and Area Median Income for Aurora,
Colorado in 2015

The following chart provides estimated housing types by area median income (AMI) and tenure (renter- or owner-occupied).
The U.S. Department of Housing and Urban Development (HUD) defines “very-low income” as households earning 0% or
less of AlI for a given location. Income and housing data can help cities understand their low- and moderate-income
community characteristics and design programs, policies, and goals to benefit lower income residents. Additional data and
analysis may be found on the Low-Income Energy Affordability Data (LEAD) Tool on OpenEl.

[@ Download Chart

25,000+ .

20,000
25,000
20,000 4
15,000
10,000 . I I

= m
il il
1N T -

0-30% 30-50% 50-50% 20-100% 1008+ 0-30% 30-50% B0-20% &0-100% 100%+
Owner Ccocupied Renter Occupied
Housing type by household percentage of area median income

Number of Housing Units

¥ I 1 unit detached ¥ I 10-18 units
() W 1 unit sttached ) W 20-40 units
¥ M 2 uniss /W 50+ unit=
E‘ 3-4 units IZI . other unit
# W 52 units

https://appsl.eere.energy.gov/sled
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Estimating the National Carbon Abatement Potential of City

Policies.: A.Data-BriventApproach

National total = 210-480 MMT CO,/year

Building energy codes: Requirements for new
construction and major renovations to use specified

com mon Iy s technology or to achieve energy use targets.

i - I - 117

implemented city E— ‘
. PubI!c trar?51t: Policies that increase the use of public

actions have the transit services.

ey b 14

Building energy incentives: Policies that incentivize more
ﬁ energy efficient technology or building practices.

potential to achieve
35% of the r

remaining US COP21
target.

I 43 114

Smart growth: Policies that reduce vehicular travel
through urban planning practices that facilitate alternative
modes of transit.

B 25 80

Solar PV policies: Actions aimed at increasing the private
~—r—p—, deployment of rooftop solar PV.

0’Shaughnessy, E., et al. (2016). Estimating the pe Municipal actions: Measures taken by cities to reduce the

National Carbon Abatement Potential of City Policies: A I GHG emissions of their own operations.
Data-Driven Approach. NREL: (M

| |
http://www.nrel.gov/docs/fy170sti/67101.pdf. (aaaga. . 21
oy L
- Moderate abatement scenario High abatement scenario
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http://www.nrel.gov/docs/fy17osti/67101.pdf

Estimating the National Carbon Abatement Potential of City

Policies.: A.Data-DriventApproach

The excellent solar resource Building energy policies may be Transportation-related policies
in southwestern cities more impactful in midwestern may be more effective in
provides an opportunity to and northern cities where eastern coastal cities where
use distributed solar PV buildings use more natural gas large urban areas result in
policies for CO, abatement, for heating during colder winters, higher vehicle miles of travel.
The CO, abatement The estimated CO, abatement The estimated CO, abatement
potential of solar PV policies potential of building energy potential of smart growth

in Arizona and California was requirements is about 50% policies was about twice as
about 20% greater than higher in midwestern cities than high in eastern coastal cities
other cities.” other cities. than other cities.’

Ak

Total GHG Abatement
Potential (% of Current
City Emissions)

20 40

Total GHG Abatement
Potential (% of Current
City Emissions)

https://www.energy.gov/eere/analysis/downloads/estimating-national-carbon-abatement-potential-city-policies-data-driven
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Estimating the National Carbon Abatement Potential of City

Policies.: A.Data-BriventApproach

<4+— Job loss  Job gain —»

. . BUILDING
Estimated national ENERGY Direct and Indirect Jobs
employment impacts CODES
durmg |mplementat|on - - duced Jops
of actions in three
pOIICy areas Net Jobs Moderate: 63,000
High: 63,000*
Using an IMPLAN input—output
(I-O) model to estimate direct, e —
|nd|r_ect, :_md mc_:luced impacts, ENERGY Btk naEtaks
we find city actions across three INCENTIVES
of the policy areas considered p
could support between 52,000 00 Induced Jobs
net jobs nationally (moderate e Q
abatement scenario) and i
269,000 net jobs (hlgh Nt Jobi Moderate: 71,000
abatement scenario) while Highe 191,000
being implemented and an
average of 6,000 jobs MUNICIPAL
(moderate) to 96,000 jobs (high) ACTIONS Direct and Indirect Jobs
annually thereafter. &
4’ m \
. Induced Jobs
Analysis suggests the net II"'II
economic impacts of city carbon S
abatement actions are minimal Net Jobs Moderate: 43,000
and generally slightly positive. Hilgh: 77,000
-1,000
O’Shaughnessy, E.,.et al. (.2016)1E.stimating the.NationaI Carbon KIS {:-:1 :000)
ﬁﬁ‘;tiﬁ"vfﬂ@Pffiféﬁéﬁoi'ﬁffffgiéif/6‘}fgf’pﬁf”ve" Approach. NREL: I Moderate abatement scenario High abatement scenario
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City Emissions — Drivers of Change.Analysis

2,000,000
21,635 6,166 4,271 (2,116) (14,241) 20653

1,950,000 85364 T (20653) (38,195)
g 1,900,000 (44.806)
o
< 1,850,000 119,998 (91,496)
s
« 1,800,000
T (140,663)
E 1,750,000 1,723,932 Increasing emissions
w
_é 1,700,000 [ Decreasing emissions
E [ Total emissions
o 1,650,000
£ 1,609,651
< 1,600,000

1,550,000

1,500,000

2011 population commercial not hotter increased decreased  wamer local decreased decreased decreased  cleaner 2017
inventory growth floor area  analyzed summer  residential waste winter  conservation transpor- driving  commercial electricity  inventory
growth energy use generation programs tation per person energy use grid
per per person emissions intensity
household* intensity

Drivers of change

Drivers of change in emissions in the City of Bellevue, Washington

*After accounting for weather. This change is the net effect of factors that may include occupant behavior, changes to building types and uses, federal
appliance standards, utility programs and new electronic devices.

Drivers of Change Analysis for Local GHG Emissions: Data for Better Decisions. U.S. Department of Energy Office of Energy Efficiency &
Renewable Energy. 2018. https://www.energy.gov/eere/analysis/drivers-change-local-greenhouse-gas-emissions-toolkit
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City Energy — From Data to Decisions

Cities-LEAP Partnered with ten cities to demonstrate pathways to apply Cities-
LEAP and SLED data and analysis to inform energy planning and decision making

e Asheville, NC Building energy efficiency

* Boise, ID Reducing vehicle fuel consumption

e Carrboro, NC Targeting efficiency for low income households
 Columbia, MO GHG reduction, efficiency for low income households
* Denton, TX Reducing vehicle miles traveled and fuel consumption
e Lafayette, CO Planning for EV infrastructure

* Moab, UT Building energy efficiency

* New Haven, CT Targeting efficiency for low income households

* SanlJose, CA Rooftop PV market potential

e South Lake Tahoe, CA EE for buildings and local industries

ARERAEARERR EB AERRERRAEAREARER
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https://energy.gov/eere/analysis/downloads/city-energy-data-decisions

City Energy:
From Data.to.Decisions

San Jose, CA |
Pnn 1,025,350

fa;-"‘"n
Total rooftop %;‘;ﬁ;w"‘“ﬂ . om Commercial
technical [ :|' tachnical | == technical
potential  potential potential
'ﬁﬂ L Market
adjustment
factors
Total rooftop Commercial
market + market
potential potential

Total rooftop Total
market electricity
potential consumed

Figure 1. Conceptual framework for estimating rooftop PV
market potential to meet 100% renewable goals (Source: NREL)

Suitable area 11,518,500 m2
Capacity potential 1,638,500 kKW
86% pacity p
Energ generation 2 420,600 MWh
potential
Suitable small buidings 194,900 buildings
B Unsuitable small buidings 32.400 buildings
https://energy.gov/eere/analysis/dow
Figure 3. Small building/residential rooftop PV technical potential in San Jose, California nloads/city-energy-data-decisions

(Source: SLED)
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https://energy.gov/eere/analysis/downloads/city-energy-data-decisions

City Energy — From Data to Decisions

Number of
households with
more than 10%
Low-Income Energy energy burden
oy . CHARLOTTE 0 to 100
Affordability Analysis N\ west 100 to 200
IR@NDEQUDIT » 200 to 300
I Irondequoy #3000 400
se » 400 to 500
AST 1 4500 to 600
@ IRONDEQU@H
. ; ¢ 600 to 700
o _ * 700+
Identifying geographic —
concentrations of % of
; ; households with
households with a hlgh ore than 100
energy burden can inform energy burden
more strategic policy o 20%
decisions and targeted O 40%
. O 60%
energy efficiency
. . () 80%
interventions. e
, () 100%
Brighton
https://www.energy.gov/eere/analys
is/downloads/city-energy-data- Figure 3. Estimated number of housing units with greater than 10% energy burden by
decisions U.S. Census tract in Rochester, New York. (Source: LEAD tool: https://openei.org/

N T I datasets/dataset/celica-data)


https://www.energy.gov/eere/analysis/downloads/city-energy-data-decisions

Low-Income Energy Affordability Data

Energy.BurdensEstimates, Carrboro, NC (2015)

25% 3,000
Low-Income Energy Affordability Data (LEAD) Tool

https://openei.org/datasets/dataset/celica-data
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2 1500 <
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https://openei.org/datasets/dataset/celica-data

Low-Income Energy Affordability Data

Average monthly expenditures by heating fuel type in New Haven, CT (2015)

https://openei.org/datasets/dataset/celica-data

400

350

300

II|| I il

OWNER-OCCUPIED RENTER-OCCUPIED

Avg. monthly household expenditures (S)
=

=

B UTILITY GAS  mmm BOTTLED GAS  mmmm ELECTRICITY @ FUEL OIL e AVERAGE
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ACCESS CITY ENERGY PROFILES, TOOL BOX

appsl.eere.energy.gov/sled

Cities-LEAP

ACCESS THE REPORTS | PROJECT

City Energy: From Data to Decisions
https://www.energy.gov/eere/analysis/downloads/city-energy-
data-decisions

N pue

City-Level Energy Decision Making: Data Use in Energy Planning,
Implementation, and Evaluation in U.S. Cities
http://www.nrel.gov/docs/fy150sti/64128.pdf

Estimating the National Carbon Abatement Potential of City
Policies:

A Data Driven Approach
http://www.nrel.gov/docs/fy170osti/67101.pdf

STAY INFORMED b -
Learn more and sign up for emai - www.nrel gov

www.energy. gov/eere CIt

NREL state; local, an¢ @NRE'L;Conduit
4 l“ "‘

CO NTACT = 4 NATIONAL RENEWARBLE ENERGY LABORATORY
Megan.day@nrel.gov y

partment of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.
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