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Cities Leading through Energy
Analysis and Planning (Cities-LEAP)

Delivering Data and Analysis to Enable more
Strategic City Energy Planning

Megan Day and Alison Holm

National Renewable Energy Laboratory

NREL is a national laboratory of the U.S. Department of Energy, Office of Energy Efficiency and Renewable Energy, operated by the Alliance for Sustainable Energy, LLC.



Cities-LEAP

Cities Leading through Energy Analysis and Planning

O
]

=. = "'J:- ’_."
8 8 45 80

557 F

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

NATIONAL RENEWABLE ENERGY LABORATORY

CITY ENERGY
PROFILES

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

%1 puey

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



http://www.nrel.gov/docs/fy15osti/64128.pdf
https://eere-exchange.energy.gov/Default.aspx#FoaId624fc0da-a7e6-4bf6-b7ce-2228542b0013

City-Level Energy Decision Making: Data Use in Energy

Planning, Implementation, and Evaluation in U.S. Cities

Transportation and
Land Use

Sustainability

Renewable Power

- Energy and Emissions

Buildings and Efficiency
- Electricity Supply and
Infrastructure

Municipal Operations
and Programs
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The most common actions fall in
the Transportation & Land Use and
Buildings & Efficiency sectors.

Goals

- ——————— ——————

Actions
Metrics
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Factors that Impact City Energy. Decision.Making

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

* Timing and opportunities

e Staff capacity

* Data availability and granularity, data management
and monitoring systems

e Cost considerations
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Cities-LEAP City Energy Profile.Coverage

23,400+ U.S. Cities

In Connecticut, Massachusetts, Maine, New
Hampshire, New Jersey, New York, Pennsylvania,
Rhode Island, and Vermont, coverage includes -
census defined minor civil divisions, In Hawali

data are providad at the county level. In all

other states, data are provided for census

defined incorporated places,

https://appsl.eere.energy.gov/sled/
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https://apps1.eere.energy.gov/sled/

City Energy Profiles: Electricity,.Natural. Gas

Electricity Statistics for Salem, Massachusetts in 2013

MM gl ELECTRICITY USAGE ELECTRICITY EXPENDITURES
the energy (MWH) ($1000)

market in your
city and similar

. industrial ll industrial ‘
cities can lead to _ _
) commercial * commercial *
more Strateglc residential * residential *
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toward a clean 2 g 88 &8 88 8 8 8 8 g
energy fUture' ICnhurtAvn Cohort Min Cohort Max ICanrtAvn Cohort Min Cohort Max

Natural Gas Statistics for Cheyenne, Wyoming in 2013
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City Energy Profiles: Fuel Types,.P\.Potential

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

Average fuel economy of light-duty vehicles: 25.5 MPG

. Compressed Natural Gas
Il Diesel and Biodiesel

M Electric
I Fiex Fuel
Il Hybrid Electric
I Unknown
Small Building Rooftop PV Potential, Denver cO
Suitable Small Buildings Suitable area 5,000,000 m2
108,500 buildings
Capacity potential 700,000 kW

I Unsuitable Small Buildings
64,000 buildings

Energy generation potential 1,000,000 MWh

NATIONAL RENEWABLE ENERGY LABORATORY



City Energy Profiles: Fuel Use, V.M

Vehicle Data for Gainesville, Florida in 2013

ON-ROAD VEHICLE FUEL USE e+, VEHICLE MILES TRAVELED BY ROAD
MEDIUM, AND HEAVY DUTY) CLASS
(GALLONS) (TOTAL VMT)

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

Cohort Avg: 33,786,000

Total VIMT = 792,206,200 miles

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

diesel .l
local |
TE : 3 & 3
g g 8 g § collector ]
g g g g § arteral .
free and expressways |
| cohort avg CohortMin  Cohort Max
interstate [

00" 000" 00T
000" D00"00E
00" 00000 —
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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

|@ Download Chart |

residential [« commercial
Matural Gas _ 43419 v/ industrial
metric tons Igl- diesel
Elec tricity =l gasoline

1] 25k S0k Tok 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|

ehic les [+l residential
residential [/l commercial
Matural Gas 85874 Izl- industrial
metric tons Igl- diese!
Electricity [l gasoline

o 100k 200k 300k 400k 500k G600k 700k 200K 500k 1,000k
Annual GHG emissions (metric tons)
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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/f2

LY

Industrial

Residential

oM 5M 10M 15M 20M 25M J0M 35M 40M 45M 50M 55M G60M 65M T0M
Total Area of Buildings (ft2)

o am 10M 15M 20M 25M 30M asMm 40M 45M 50M S5M 60M 65M TOM
Total Area of Buildings (ft2)

I single Family Dwelling Manuf Housing Il Duplex (/]

M 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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http://apps1.eere.energy.gov/sled/#/

City Energy Profiles: Commercial. & lndustrial 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
Monstore Retailers 30 13,153 2 438 4
General Merchandise Stores 13 11,611 % 893 2
Administrative and Support Services 256 5,650 4 25 22
Food and Beverage Stores 41 4,968 £ 121 10
Commercial Activities - Top 5 Natural Mumber of Natural Gas Use Rank Natural Gas Use per Rank
Gas Users Establishments (Mcf) Establishment

Hospitals 2 57073 1 28,536 1
Monstore Retailers 30 17,019 2 a67 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

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\

) M sports & Entertainment

1,000 4 -
L4 Specialty
¥ [l Retail

200 H ] . Office
# W mutti-Family
¥ M industrial
500 4 o
¥ Wl Hospitality

¥ Wl Heatth Care
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
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City Energy Profiles: 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 AMI 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
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Cities-LEAP Local Energy Action.Joolbox

Category Subcategory

¥ Buildings & Efficiencies Building Codes, Standard... Keyword
) Renewable Power Buildings & Efficiencies

[J Transportation & Land Use CJ Other

. i Building Codes, Standards, & Certification
| Other

B [ Building Upgrades & Improvements
LI Municipal Operations & Programs (] Heating & Fuels
[ Electricity Use & Infrastructure ] Information & Transparency

[] Leading-by-Example

[ Market Investment & Financing

[ Support & Planning

Search Results | 4 actions for Category: Buildings . ards, & Certification

Buildings & Efficiencies = B

Update building energy codes and increase code enforcement - 11 resources
Building certifications (LEED, etc.) and best practices - 18 resources
Use or incentivize specific building technologies (green roofs, etc) - 12 resources
Incentivize new construction to exceed building codes - 3 resources

Building Energy Codes Program

Greater Energy Savings through Building Energy Performance Policy: Four Leading Palicy and
Program Option

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

NATIONAL RENEWABLE ENERGY LABORATORY
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https://apps1.eere.energy.gov/sled/cleap.html

Carbon Pollution Reduction Potential.of City. Actions

National total = 210-480 MMT CO,/year

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

Co mmon |y technology or to achieve energy use targets.

- - 3L ) =5 117

implemented city E— .
Public transit: Policies that increase the use of public

actions have the i _transit services.

nerfl] 114

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

35% of the
°of ) — 3 114
remaini ng U S CO P2 1 Smart growth: Policies that reduce vehicular travel

through urban planning practices that facilitate alternative
ta rget . modes of transit.

B 5 80

Solar PV policies: Actions aimed at increasing the private

7 deployment of rooftop solar PV.
L R

O’Shaughnessy, E., et al. (2016). Estimating the Municipal actions: Measures taken by cities to reduce the
National Carbon Abatement Potential of City Policies: A GHG emissions of their own operations.
Data-Driven Approach. NREL:

/A’;\\\\
http://www.nrel.gov/docs/fy170sti/67101.pdf. { - 11 21

potential to achieve

0
0
O

| ___jm[m]

- Moderate abatement scenario High abatement scenario
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http://www.nrel.gov/docs/fy17osti/67101.pdf

The excellent solar resource Building energy policies may be
in southwestern cities more impactful in midwestern
provides an opportunity to and northern cities where

use distributed solar PV buildings use more natural gas
policies for CO, abatement, for heating during colder winters.
The CO, abatement The estimated CO, abatement
potential of solar PV policies potential of building energy

in Arizona and California was requirements is about 50%

about 20% greater than higher in midwestern cities than
other cities.’ other cities.”

=\

Total GHG Abatement
Potential (% of Current
City Emissions)

NATIO

Transportation-related policies
may be more effective in

eastern coastal cities where

large urban areas result in
higher vehicle miles of travel.
The estimated CO, abatement
potential of smart growth
policies was about twice as
high in eastern coastal cities

than other cities.’




Cities-LEAP Micro Technical Assistance

City Energy: From Data to Decisions
Partnered with ten cities to demonstrate pathways to apply Cities-LEAP and SLED
data and analysis to inform energy planning and decision making

Asheville, NC

Boise, ID

Carrboro, NC
Columbia, MO
Denton, TX

Lafayette, CO

Moab, UT

New Haven, CT

San Jose, CA

South Lake Tahoe, CA

Building energy efficiency

Reducing vehicle fuel consumption

Targeting efficiency for low income households

GHG reduction, efficiency for low income households
Reducing vehicle miles traveled and fuel consumption
Planning for EV infrastructure

Building energy efficiency

Targeting efficiency for low income households
Rooftop PV market potential

EE for buildings and local industries

e

NATIONAL RENEWABLE ENERGY LABORATORY


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

City Energy:

From.Data.to-Decisions Kghden N
\,, ! potential

potential

Market
adjustment
factors

Total rooftop
market
potential

Commercial
market
potential

Rooftop PV
market potential
to meet 100%

renewables

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 m?

C i otential 1,638,500 kKW
86% apacity potentia

Energy generation 5 420,600 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)

NATIONAL RENEWABLE ENERGY LABORATORY


https://energy.gov/eere/analysis/downloads/city-energy-data-decisions
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Columbia, Missouri:
Using Energy Data
to Reduce Emissions
and Achieve Low-
Income Household
Energy Savings

The LS. Department of Energy’s
{DOE's) Cities Leading through
Emergy Analysis and Planning
(Cities-LEAP) and the State and
Local Energy Data (SLED) programs
partnered with 10 LL5, cities to
demonstrate ways SLED data and
analysis could infarm rmone strateqic
energy decisions. Cithes across the
country can use SLED data and
follow this pattern as part of their

awn energy planning.

City Energy Questions

The City of Columban, Missour. wanted
to mfiorm ifs energy poal setting with a
better understanding of the following

1. Wheat kinds of energy actions and
policies would have the greatest
impact in reducing the civ's
greenhowse gas (GHEG) envissions?

b

Which emergy actions and policies
wotlhd have the grestest benefit

for low= amd moderate-income
hoemsehaolds, parnculagly renter-
accupied howseholds?

Smaller to mid-sized commamnities like
Columbia often don't have the resources

CITY ENERGY—FROM DATA TO DECISIONS

they nesd to detenmine the answers io
these questions on their own.

Columtan is a collepe town with a large
tramsient population and a relatrvely high
percentage of renters. The city also las
a higher-than-average percentage of the

pogalatsen Invang below the poverty level,

as well as higher-than-avernge residential
energy expenditures. As such, the city is
pricaitizing residential energy efficiency

programs, particularly in the rental sector.

Data and Analysis

I condueting the analyses for Colunsbaa,
the Natiomal Renewable Energy Labora-
lary (MREL) evalated data aviulahie

om e SLED website {zere.en i
sled), incloding demographic data on
income and housing occupancy. per capita
residential electricity usage and expendi-

Columbia, MO
Pop. 119,108

tures, residential building stock, building
area by tvpe of building, and enment GHG
enuissions levels, Colmmbia provided mea-
sured datn where avmlable 1o replace the
estimated daln from SLED m the analysis
NREL then compared these Columbia-
specific data points to both national aver-
ages amd citbes with similar populations
and climate zones (cohor cities) to place
the Colmmbia data mee context,

The SLED data. abong with the SLED
toodbox of resources for city-level energy
achons (apps ] eere 55 s

cleap html ) informed the analysis, which
provided a menn of optioas for Cobombia.

Reducing GHG Emissions
To answer Columbia’s first question,
MREL adjusted the GHG emissions sum-
meary for Columbia provided on SLED 1o

QFFICE OF STRATEGIC PROGRAMS

Municipal actions -
Smart growth -
Building energy -
efficiency incentives

0 (4] 20 30 40 30 60 i

CO, emissiens reduction potential (1,000 tCO)fyrear}

Figure 2. Anmual GHG reduction potential of city actions fer Columbia, Missourl, based

ona carbon abatemant potential study (aneroy.oov/eers,/study-shows-carbon-amission-
reductions-city-energy-actions), city-provided data, and SLED data (eere.energy.gov/sled)
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New Data to Decisions Cities.for.FY18

AvAn

Geographic Distribution of Housing Units

-ce  With Greater than 10% Energy Burdenin | °*“*
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Cities-LEAP Analysis — Available on Open€l

Energy Burden.Estimates, Carrboro, NC (2015)

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

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

| | | | | ‘ |
0% | | | |

0-30% | 30-50% 50-80% 80-100% 100%+  0-30% @ 30-50% 50-80% 80-100% 100%+

2,500

S

[

,000

=

,500

=
S
=

,000

|9y
=
[1eaA/g] sainypuadx3 AS1au] |enuuy adelany

Average % of Household Income on Energy

[y

00

OWNER-OCCUPIED RENTER-OCCUPIED

BANNUALCOST m% OF INCOME
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https://openei.org/datasets/dataset/celica-data

Additional Analysis Available on Open€l

Number of Housing Units by Heating Fuel Type, Tenure in New Haven, CT (2015)

60,000 Low-Income Energy Affordability Data (LEAD) Tool
https://openei.org/datasets/dataset/celica-data

50,000

40,000

30,000

Number of Housing Units

20,000

10,000

OWNER-OCCUPIED RENTER-OCCUPIED ALL

B UTILITY GAS ®mBOTTLED GAS WELECTRICITY FUELOIL mCOAL m®EWOOD mSOLAR MmOTHER
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https://openei.org/datasets/dataset/celica-data

Additional Analysis Available on Open€l

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

Low-Income Energy Affordability Data (LEAD) Tool

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

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

Cities-LEAP FOA Awardee Projects

2008-2015 Drivers of Change

Y 2008 emissions level = 20,356,500 tCO,e

+1,10%
+0.68%
+0.61%

+0.25%

-3.03%
-500,000 +500,000 +1,500,000 +2,500,000
cumulative change in emissions, t(0,e
2015 emissions level = 20,318,300 tCO,e I C L E I =

(-0.19% relative to 2008)

Local Governments for Sustainability

NATIONAL RENEWABLE ENERGY LABORATORY



Cities-LEAP FOA Awardee Projects

ENERGY.GOV

Office of
ENERGY EFFICIENCY &
RENEWABLE ENERGY

Cities-LEAP
.

April 17, 2018

Register for the May 22 Webinar on the DOE Asset Score Tool

Under a cooperative agreement with the U.S. Department of Energy (DOE) through the Cities Leading through Energy Analysis and Planning (Cities-LEAP) project, the City of
Portland has been exploring strategies to leverage annual benchmarking and disclosure data with the use of permit data, the DOE Standard Energy Efficiency Data Platform
(SEED) database and the DOE Building Energy Asset Score Tool. This project has extensively examined the relationship between Asset Scores generated on a subset of city
buildings and the actual benchmarking data collected on the buildings. The goal was to use Asset Score to help identify building characteristics that might predict or correlate with
actual building performance data.

This webinar will discuss how the project was implemented and the results of the analysis, with a focus on opportunities to develop policies and programs to more effectively
leverage existing data tools. Presenters will discuss data, tools, and findings, as well as take questions from webinar participants. The webinar runs from 10:00-11:30 a.m. Pacific
Daylight Time.

Presenters:

¢ Vinh Mason, City of Portland

e Supriya Goel, Pacific Northwest National Laboratory
e Alex Novie, Energy Trust of Oregon

e David Heslam, Earth Advantage

e Mark Frankel, New Buildings Institute

+ QOokie Ma, DOE

NATIONAL RENEWABLE ENERGY LABORATORY



CONTACT
Megan Day, Megan.Day@nrel.gov

ACCESS CITY ENERGY PROFILES, TOOL BOX R
appsl.eere.energy.gov/sled PROJECT

*N pueq

ACCESS THE REPORTS

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

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 Ci
A Data Driven Approach
http://www.nrel.gov/docs/fy170sti/67101.pd

STAY INFORMED www.nrel.gov

Learn more and sign
WWW.energy.go

" =3
Il‘ 'li
NREL state, local, and triba @NREL_Conduit -y

NATIONAL RENEWABLE ENERGY LABORATORY

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


mailto:Megan.Day@nrel.gov
apps1.eere.energy.gov/sled
https://www.energy.gov/eere/analysis/downloads/city-energy-data-decisions
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Contact Information

Planning for a Clean Energy Future with Cities-
LEAP

Megan Day, AICP (Project Leader, National Renewable Energy Laboratory)
Email: Megan.Day@nrel.gov, Phone: 303-275-3261, Twitter: @MeganDayPV,
LinkedIn: linkedin.com/in/megan-day-aicp-111b864, Website: nrel.gov

Alison Holm (Project Leader, National Renewable Energy Laboratory)
Email: Alison.Holm@nrel.gov, Phone: 303-384-6833,
LinkedIn: linkedin.com/in/alisonholm, Website: nrel.gov

Sustainable Communities Division Contact Information

Website: planning.org/divisions/sustainable
Blog: www.sustainableplanning.net

LinkedIn: APA Sustainable Communities Division
Facebook/Twitter: APASCD

Email: APASCD@gmail.com
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