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CARBON FREEBOSTON

Carbon Free Boston is the City’s initiative to analyze the likely effectiveness,
cost and benefits of the technology and policy options for deep
decarbonization.

BOSTON
(reeriRibbon

COMMISSION Institute for Sustainable Energy

oo AN
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SYSTEMATICS

The results will inform the City’s next update of its Climate Action Plan.




CARBON FREE BOSTON TIMELINE

FALL 2017

Project
Launch

SPRING 2018
Initial modeling
results

FALL 2018
CFB results integrated into

Climate Action Plan
update

WINTER 2018
Policy driven GHG

emissions modeling begins

SUMMER 2018

Project
Completion



PROJECT TIMELINE

Duration

| Sotvies | dine | WY | At | Seplember | Ocober | Latezos
Steering Committee ﬁ * * * ﬁ ﬁ

Advisory Groups * *
Modeling Results _
Consultant Sector Reports _

Launch of City’s Climate Action
Plan Update *



CARBON FREEBOSTON

REGIONAL DATA AND POLICY CHOICES

BUILDINGS TRANSPORTATION WASTE ENERGY

GHG EMISSIONS & IMPACTS ASSESSMENT

OPTIONS
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BOSTON GREENHOUSE GAS INVENTORY

COMMUNITY
GHG EMISSIONS

LGO Emissions [tCO2e]
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BOSTON CAN GROW AND REDUCE EMISSIONS

2005 to 2015:

GROSS CITY
PRODUCT

2005: $91B

2015: 51058

EMISSIONS REDUCED BY:
PER CAPITA:32%

PER GCP:27%

TOTAL: 13%

POPULATION
2005: 520,000
2015: 670,000
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BUILDINGS ARE BOSTON’S LARGEST SOURCE OF GHG EMISSIONS

Transportation Small Residential

Other
< 1%

Commercial,
Industrial and Large
Residential




EMISSIONS BY SECTOR AND SOURCE
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BOSTON’S BUILDINGS STOCK

z :1980-
year built Pre-1950:1950-1979: 1999 Post 2000

18%11% 10% = 633,000,000 SF

square footage
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BOSTON’S BUILDINGS STOCK

1980
year built Pre-1950 51950-19795 1999: Post 2000

OIS  18%11% 10% = 633,000,000 SF

square footage

0 100,000,000 200,000,000 300,000,000 400,000,000 500,000,000 600,000,000 700,000,000
year built Pre-1950 Post-2000
84% 8% 4020 = 86,565 buildings
quantity
0 10,000 20,000 30,000 40,000 50,000 60,000 70,000 80,000 90,000 100,000
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BOSTON’S BUILDINGS STOCK BY TYPE

Source: Tax Parcel ID database

Large_Residential 272 5%
g e = 33.5%

suermarket §() 29/
scools [ 3 %%
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CARBON FREE BOSTON: PROJECT OVERVIEW

Multi-sector, Data-driven Analysis Project Outcomes
Suldinee o eI ETerT * Assessment of alternative strategies
that enable City to be carbon-neutral
* Energy efficiency * Mode shifts by 200
* Heating and cooling * Electricvehicles Ve
with clean energy * Inform upcoming ClimateAction
Plan update

* Detailed spatial evaluation of:

Energy Waste & Services * Greenhouse gas emissions
* Equity impacts

* Clean grid » Zero waste

* Clean energy e Public sector services  Health impacts of air pollution
procurements

» Offsets

Institute for Sustainable Energy Greeri Ribbon = R e on



CARBON FREE BOSTON

ECOSYSTEM

Carbon Free Boston Steering Committee

Cognate Organizations

Commonwealth departments & agencies
MAPC
MBTA
ISO-New England
MPO/CTPS

~

data, feedback, etc.\ DR
R\

Green Ribbon
Commission

Carbon Free
Boston

City of Boston

|

\/
Policy Advisory
Groups :
< - (energy, waste, « - » | Sustainable Energy
buidlings, transport)

: strategic oversight

v

Boston Universi
Institute for

Working
Group

LEGEND
-4—————p regular, direct communication
- - — — -9 periodic communication

Institute for Sustainable Energy

Technical Advisory

Groups -
(energy, waste,
buidlings, transport)

Technical
~~™ Consultants

h GREENOVATE
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FUNDING

Barr Foundation C40
_eventhal Foundation Commonwealth of Massachusetts
Kendall Foundation City of Boston
Hewlett Foundation Eversource
Grantham Foundation National Grid
Microsoft Bank of America
an

Institute for Sustainable Energy Qi,oé_ech Ribbon g:.:f:p?;'g.:ﬂ
COMMISSION
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CFBTEAM

* Boston University * Arup

— CutlerCleveland — BrianSweet

- Pe.ter Fox-Penner — Rebecca Hatchadorian

— MichaelWalsh _ Rob Best

— Adam Pollack _

_ KevinZheng — KatieWholey

_ Taylor Perez — Erica Levine

— JoshuaCastigliego

* Cambridge Systematics

* Green Ribbon Commission — Chris Porter

— Amy Longsworth — Marty Milkovits

— JohnCleveland — XiaoYun Chang

* City of Boston
— Allison Brizius
— Katherine Eshel

Institute for Sustainable Energy Gf@él’l Ribbon h OREENOVATE |
: COMMISSION o
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OUTPUTS

A data-driven framework & platform for evaluating carbon mitigation pathways for cities

Scenarios
* Sector-specific models for buildings, transportation, energy supply, and waste
* Integrating module that ties together sector models

Direct Benefits/Costs
* Emissions reductions
* Sector-specific benefits, e.g., changes in congestion and commuting time
* $ value of benefits and costs associated with specific policy/technology combinations

Co-benefits
e Publichealth
* Social equity
* Technical innovation
* Employment

Institute for Sustainable Energy Q;oesg;'l Ribbon h SE,EEWNF?;‘;T:&

COMMISSION



MODELING PHILOSOPHY

Reduce the cost of urban climate action planning, improve knowledge
of city ecosystems, increase transparency

Analysis Design (Ideal) Software Principals
* Bottom-up, sector-based * OpenSource

approach  Modular, Extensible, Scalable
* Spatially Explicit (Boston) e Cloud-based

— Limited by geographic boundary * Python 3 + associated models

* Compatible with existing

* Aim for Continuous Integration
frameworks (e.g. GPC)

e Use scenario narratives to
contextualize uncertainty

Institute for Sustainable Energy Gfeen Ribbon E R e on



LONG-TERM GOALS

* ScaleApproach

— Partner with Metropolitan Area
Planning Council in regional plan
update

— ldentify other cities
— Integrate water planning
* Standardize Platform
— Cloud based container for easy
spin up
* |dentify Partners
— C40
— National Labs/JGCRI/EPA/DOE

Institute for Sustainable Energy

BOSTON

GreertRibbon

Methyen
Lawrenc

The MAPC Region

MEE - North Suburban

R e Fooperel S Planning Council (NSPWC‘SW
Minuteman Advisory Group Lovel R
on Interlocal Coordination i
s (MAGIC)
Lunenburg : Westford
o North Shore
R Task Force (NSTF)
Leominster
Lancaster
Saug
Sterling = J
(o}
Clinton
- i Inner Core
Boylston ‘

'eﬁ‘\ MAPC
Vs ; /

Committee (ICC)

Northbosatigh

Southborou,
MetroWest ltlegi&qg‘!m
Collaborative
«(MetroWest)

South Shore
Coalition (SSC)

Grafton
Millbury

Upton

Northbridge Hanover

South West

Advisory Planning

Committee (SWAP)
Uxbridge

Blackstone

Sutton

Three Rivers
< Interlocal Council (TRIC)
nter Council (TRI

e s

Douglas

Dover is in Three Rivers and South West Subregions.
Miiton and Needham are in Inner Core and Three Rivers Subregions.

Taunton

h GREENOVATE
q 1~ Carbon Free Boston

COMMISSION



CONCEPTUAL FRAMEWORK

Model Inputs Activity Sectors Supply Sectors Results
Regional Transportation Supply Sector Emissions &
Parametors Mode Choice Models > Impacts
Technology Forecasts
Population | Calculator
Eco:otrjnic ’ Grid Forecasts (GPC Compatible)
and Use A —-} CO2, CH4, N20O
Building Stock Difiict E081gY GWP
Travel Demand Buildings 5 :
Open Space » > Micmegrics VOC, BC, PM2.5
Urban Building Energy Ozone
Modeling & Optimization Gas Delivery Health
po“cy Adoption Modeling
Parameters EConoric
- . . EQUity
Conggstlon Pricing Public Services B
Strategic Investments Waste
Energy Use Mandates
Erh d RPS Waste Water
anee Water Supply b
Zero Waste Municipal Lighting
Fleet mandates
etc.
Land Use
Biogenic Emissions >
& Uptake

Institute for Sustainable Energy Gréen Ribbon E S::f::l&



INTEGRATED CITY CLIMATE MITIGATION PLANNING

City Data Processing Regional Spatial Energy & GHG Emissions Activity Forecast

Land Use Integrated Sector Models Results

GHG: CO,, CH,, N,O

- 3 Assumptions
Regional Vegetation & Policy

> Biological Activity

Atmospheric measurements Parameters

Investment & Policy Cost
Climate

extracted

Air Quality: PM, ;, Ozone
raw data

Building Inventories

Building Stock

Efficiency Programs Health Impacts

Regional Trip Tables Processing
Scripts

Building Energy

I

Biogenic GHG Fluxes
Public Transport

Passenger Transportation

Results Explorer Tool:

Fleet Inventories

Common
v Input
Grid Forecasts i language

Public Service Data

Fleet Transportation

Socioeconomic Supply Sectors

Demographics

v

II

Public Services

Potential Technologies . Model Input

Institute for Sustainable Energy chgecn Ribbon h GREENOVATE
i gy S

COMMISSION



ELECTRICITY SUPPLY

emissions coefficient (kg CO,/ MWh)

N
o
o

50 ——With City Procurements * Additional city procurements
300 e will be necessary to achieve zero
zzz carbon electricity
150
100 * CFBis not explicitly modeling
= the electricity supply but will
15 am0  ams 20 2w a0 a0k 20s0 derive insights from
transportation and buildings
MA GWSA and Clean Energy sectors

Standard will result in an cleaner
(80% renewable) grid by 2050

Institute for Sustainable Energy

GreertRibbon e Sreenovate |



NATURAL GAS | OCK-IN?
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CAN RENEWABLE GAS SAVE Us?
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BUILDINGS ARE BOSTON'S LARGEST SOURCE OF GHG

Building Emissions by

Emissions by Sector
Energy Type

e e State policy (GWSA):
 ‘ 80% renewable grid by
2050

w

N
n

* City policy: eliminate

Milliontonnes CO.eq
N

1.5
) on-site fossil fuel use in
05 buildings by 2050
0 _
Residential Commercial
Buildings Buildings

B Natural Gas ® Fuel Oil ®Steam M Electricity

Institute for Sustainable Ener it : h GREENOVATE
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BOSTON’S BUILDINGS VARY INSIZE

Residential i Industrial, Commercial, Institutional

160

120

Floorspace (million square feet)

8o
40
0 —_ —— — — — -
Single Family Small Multi- Large <20,000 sf 20,000 - 100,000 - 500,000 -1M 1M+ sf
family Residential 100,000sf 500,000 sf sf
Quantity 30,500 39,000 7,500 ' 7,000 1,900 625 70 30

Institute for Sustainable Energy Gf%_ecn Ribbon h GREENOVATE
C o .

COMMISSION



BOSTON'S BUILDING USE IS DIVERSE

Lorge Residentil |
ey —
singeFamiy |

Residential

Worship
Warehouse Industrial, Commercial, Institutional
Supermarket

School
Retail

Restaurant
Office
MixedUse

Medical, Lab & Industrial
Hotel

Garage
Fire & Police

Convention & University

o) 50 100 150 200
Floorspace (million square feet)

Institute for Sustainable Energy Gf%gn Ribbon h GREENOVATE
T . _ -
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BOSTON'S BUILDING STOCK Is OLD

300

250

200

[
U
o

Floorspace (million square feet)
o
o

9y
@]

Pre-1950

1950-1979

B Residential
Industrial, Commercial, Institutional

~20%
New Growth
1980-1999 2000-2017  Future Builds

Institute for Sustainable Energy Gfeen Ribbon
N COMMISSION

* Net zero building strategies
are essential
* Retrofits and clean energy
for existing stock are largest
challenges
aa.......
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CFB BUILDINGS SECTOR MODELING APPROACH

Data 3 Dk Electricity Gas Steam
* 15 Building classes e P
. = > 2 > S 4 '—.'.},'_ ﬁ
* 4 Age categories < fovr T
| datab Poreag o e Y-
 Boston parcel database P SEA0K F
A, 'J‘i o 1 >
* Meter samples SO T - 3
* “First mover” initiatives "*+ <~ N = , J
“: , 2015 2016 2017 2018 2015 2016 2017 2018 2015 2016 2017 2018
Methods Building Energy ‘er Policy-interpretive Spatial
Modeling = Adoption Modeling Disaggregation
OQutput
* Most effective strategies 30
* Policy design s i
* Energy pulse of the City I
o S F | 11/
x- ! ‘t} TR (! ‘:‘ A : fm,L'.'l”l'
D—:. s 0 150 20 290 ‘ 20 AN
s . | DAY OF ;HE YEAR ¥ -

2016 Boston Community Energy Study



BUILDING
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YPOLOGIES

Single family residential
Small multi-family (triple decker)
Multifamily residential
Office

Fire/police
Convention/Assembly
Hotel
Medical/Lab/Production
Restaurant

Retail

School

Supermarket
Warehouse

. Worship

Garage

Age ranges:
Pre-1950; 1950 — 1979; 1980-1999; Post-2000

Data Sources

Commercial Building Energy Consumption Survey (CBECS)
DOE-led survey conducted (3 years) examining energy performance,
appliances, building characteristics

Residential Energy Consumption Survey (RECS)
DOE-led survey evaluating single- and multi-family energy performance,
appliances, building characteristics

ResStock
NREL program to better detail single family home characteristics by
vintage; uses RECS data supplemented by surveys of homes from National
Association of Home Builders

ASHRAE 90.1
Typical consumption patterns for new buildings and typical use schedules;
can be reviewed for older buildings (back to 1989)

Boston Local Information
Building characteristics where available from parcel database, local
expertise - informs and supercedes other data where available

‘h GREENOVATE

] i BOSTON
Institute for Sustainable Energy Qr%n Rlben “ Carbon Free Boston

COMMISSION



Process

BUILDINGS MODELING METHODOLOGY

Generate Segment Estimate All Identify ECMs
Archetype Boston Buildings’ and Impact/ Identify Best
Energy Building Energy Penetration, Suite of
Models Stock into Consumption ———> Simulate Impact > Policies to
Categories + and Carbon with Calibrated Meet Carbon
15 Buildings Age Groups Emissions Models Target
4 Age Groups
A A N
| . | s
| Calibrate | TR
1 I 1 AN
: Energy ! : N
] Models from ! !
! Actual ! !
i BU|Id|ng Data i i
| | 1

Data

BU Institute for Sustainable Energy Qfeﬁn Rlbeﬂ “ g::ENFO;AB'I:m

MMISSION




Modeling Methodology

Process

21

Generate
Archetype
Energy
Models

15 Buildings
4 Age Groups

Segment
Boston
Building
Stock into
Categories +

Age Groups

Estimate All
Buildings’
Energy
Consumption
and Carbon
Emissions

Calibrate
Energy
Models from
Actual
Building Data

->

-F--—--—--—

Identify ECMs
and Impact/
Penetration,

Simulate Impact
with Calibrated
Models

Identify Best
Suite of
Policies to
Meet Carbon

Target

06.12.2018 ARU P




Utility Data

BU/Arup from Parcel Database

_____________________________ ]
| I Pre-1950
I — — I Anonymized
| | Building Buildingl | __4—>" Monthly EUI
l Types e , 2015-2017
I Building 50* |
| oo bt |
I Iple Decl T — Building 1 ] Anonymized
| Mucl)tgacrglly / . ! Monthly EUI
i Building 50* 2015-2017
: Fire/Police 1950-1979* !
Convention Building 1 '
| Hotel 1980-1999* N ’ l 1960-1999
| . — Anonymized
| Medical/Lab Building 50+ |\> hi
l Restaurant Post-2000* Monthly LI
Sn ! 2015-2017
l Scehglol Building 1 i
I
I Post-2000
Supermarket s N \
: V\Zrehouse Building 50 \I\ Anonymized
| Worship *50-500 per ' Monthly EUI
| segment I 2015-2017

*Age ranges related to major changes in ASHRAE code for commercial buildings.
22 Residential age groups are Pre-1945, 1945-1964, 1965-1990, and Post-1990

06.12.2018 ARUP
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CA

IBRATION LARGE MULTIFAMILY

Pre-1950

Electricity (18.5% NMBE, 23.2% CV[RMSE])
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Modeling Methodology: Next Steps

Process

25

Generate
Archetype
Energy
Models

15 Buildings
4 Age Groups

Segment
Boston
Building
Stock into
Categories +
Age Groups

Estimate All
Buildings’
Energy
Consumption
and Carbon
Emissions

Calibrate
Energy
Models from
Actual
Building Data

->

-F--—--—--—

Identify ECMs
and Impact/
Penetration,

Simulate Impact

with Calibrated

Models

Identify Best
Suite of
Policies to
Meet Carbon

Target
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Modeling Methodology: Strategies

» Stretch building code

» Passive House standard

» Energy Use (EUI) Cap

» Emissions Cap

» Fuel switching (gas to electric)

» Fossil fuel free new construction

« ZNE new construction

» Increased lighting efficiency
standards

* Increased HVAC efficiency standards

* Increased envelope requirements

Required PV on rooftop

Energy performance disclosure
Mandate performance relative to

BERDO

Expanded BERDO reporting
requirement

Passive House retrofits

Lighting efficiency retrofit program
HVAC efficiency retrofit program
Envelope efficiency retrofit program

Deep energy retrofits

Enhanced commissioning/ RCx
Demand response

On-bill saving suggestions

EV charging

Energy storage
Incentives for more efficient

appliances

Cool roofs
District energy

06.12.2018 ARUP



existing 2017 Area (SF)

turnover = Demolition == Replacement

growth == New Construction

= Future building stock

Institute for Sustainable Ener e : h GREENOVATE
&  (GreertRibbon s ke
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BUILDING GROWTH

Large Residential

Small_Multi_Family

Single_Family
Garage

Worship

Schools

S Total growth 106,175,000 SF
e Residential: 66,965,000 SF
m : Non-commercial: 5,525,000 SF
resaurnt | Commercial: 33,685,000 SF

Med_Lab_Prdn

—_

Convention_Assembly

Office
0 20,000,000 40,000,000 60,000,000 80,000,000 100,000,000 120,000,000 140,000,000 160,000,000 180,000,000 200,000,000

W USE_CLASS_BLDG = growth 2018-2030 ® growth 2030-2050



BOSTON'S BUILDING STOCK 2050

Total growth 106,175,000 SF
Residential: 66,965,000 SF
Non-commercial: 5,525,000 SF
Commercial: 33,685,000 SF

85% existing | 15% growth

100,000,000 200,000,000 300,000,000 400,000,000 500,000,000 600,000,000 700,000,000 800,000,000

square feet

Institute for Sustainable Ener it : h GREENOVATE
&  (QreertRibbo g e
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VWHO IS ADOPTING

Commercial

Public entities

Institutions
Developers
Property owners
Owner occuplers
Tenants

Residential

OOOOOOOOOO

Owners

Condo Associations
Landlords

Tenants



Rentals

Owner Occupied
Condos
University
NonProfit

Hospital

Commercial Small

Commercial Large

- 20,000,000 40,000,000 60,000,000 80,000,000 100,000,000 120,000,000 140,000,000 160,000,000 180,000,000 200,000,000

Institute for Sustainable Energy Q;Eg;i Rlbboﬁ % Sf.if,."p?;ﬁﬂ

COMMISSION
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Adoption Rate Methodology

Four (4) to be developed; Hierarchy of data,
Mandate Performance Massachusetts
National
Incentive Prescriptive < International

06.12.2018 ARU P
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Building Energy Reporting Disclosure Ordinance

Mandated disclosure

1streporting year was 2014

for calendar year 2013

1streporting year was 2016
for calendar year 2015

Non-residential buildings > 50,000 SF and
Set of non-residential buildings on 1 tax
parcel id > 100,000 square feet

Non-residential buildings > 35,000 SF

1streporting year was 2015

for calendar year 2014

1streporting year was 2017
for calendar year 2016

Residential buildings > 50,000 SF or 50 units

Residential buildings > 35,000 SF or 35 units

06.12.2018 ARUP
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Building Energy Reporting Disclosure Ordinance

Mandated disclosure

and buildings to complete an energy action or
assessment every five years beginning in 2019

Owner or tenant shall be subject to
enforcement or penalties for failure to comply
with the requirements of this ordinance during
the first year of their required compliance set
forth in subsection (d).

Violations range from $35.00 - $200.00 per
violation, up to $3,000 per calendar year.

06.12.2018 ARUP



35

Building Energy Reporting Disclosure Ordinance

In 2018, BERDO requires the following portfolios to report their annual energy and water

usage for January 1, 2017 - December 31, 2017:

» Nonresidential buildings that are 35,000 square feet or larger.

» Residential buildings that are 35,000 square feet or larger, or have 35 or more units.

» Any parcel with multiple buildings that sum to 100,000 square feet or 100 units.

100%
90%
80%
70%
60%
50%
40%
30%
20%
10%

0%

data year

2013 2014 2015 2016
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FIGURE 34
Local Law 84 Compliance

Rate Changes by Sector
Multifamily and office buildings
had the highest benchmarking

compliance rate. Since 2010,
warehouses and garages have
seen the largest compliance
improvements.

DATA: LLB4 & LLEB4 COVERED BUILDING LIST

COMPLIANCE RATE BY YEAR
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Fai]
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= 90%

MULTIFAMILY 63%
OFFICE 63%

HOTELS 42%

OTHER 39%

HOSPITALS 36%

RETAIL 33%

INDUSTRIAL 29%
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#

WAREHOUSES 285%
CULTURAL 24%
EDUCATION 23%

GARAGES 14%

RELIGIOUS 9%

Source: http://www.nyc.gov/html/gbee/downloads/pdf/UGC-Benchmarking-Report-101617-FINAL.pdf
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RELIGIOUS 41%
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Existing Commercial Buildings (ECB)

Energy Performance Ordinance
Commercial buildings > 10,000 sf conditioned space

1,847 private sector buildings applicable +
465 municipal facilities and schools

06.12.2018 ARUP



QUESTIONS

* What does this tell us for the future programs we need to design?
* How should Carbon Free Boston be categorizing various owner classes?

* What strategies will be best driven by incentives, what strategies will be best driven
by mandates?

* How can we leverage limited data on adoption from those existing programs and
policies in Boston and in other cities to inform our forecasts and policy design?

* Neutrality will require a large scale technology transition on existing buildings that
has not yet been experienced. How does Carbon Free Boston forecast behavior?

* What barriers to deep adoption will Boston experience? How can these barriers be
overcome?
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MODELING CASE STUDY: OFFICE RETROFIT

Natural Gas

Electricity EFFICIENCY:

* Retro-commissioning
* Equipment replacement THERMAL

* Envelope improvement ELECTRIFICATION:
* Lighting retrofit * Hydronic conversion
» Deep-energy retrofits * Water-source heat pumps

* Electric boiler

Emissions Intensity I I

(kg CO2eq per squarefoot)

With 80%
Renewable
Grid With 80% GETTING TOZERO:
Renewable

* Rooftopsolar
* Renewable

procurement
o Offsets

Current eemsmmp \Vith Efficiency e Efficiency +Thermal e ZeroGHG
Measures Only Electrification

STO!
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EQUITY IN THE BUILDINGS SECTOR I
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BOSTON'S TRANSPORTATION ECOSYS

Legend

e |05

e |-495
- Neighboring Towns of Boston

B ~zs within 1-95
[ 1AZs within 1-495

Other TAZs for which VMT was calculated & - -
|| othercTPS TAZS

BOSTON
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> 2,000,000 2
2 000,000 g
2 o0 1,500,000 O-
>~
= 1,000,000
A 2,000,000
500,000
o o
Within Boston+  Withinl-95 Withinl-495  All TAZs
Boston neighboring beltway beltway
towns
mmm VMT to/from Boston = Population (2016)
. Daily Auto VMT to/from
# of TAZs Population (2016) Y /
Boston
AllTAZs 2730 4,581,650 10,378,614
Within Boston 447 645,570 2,181,776
Boston + neighboring towns 844 1,306,816 3,705,161
Within I-g5 beltway 1092 1,893,541 4,634,740
WithinI-495 beltway 2208 3,806,442 9,238,448
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Trip Tables
(by market
segment)

Network LOS

(skims) Scenario
Specific
Adjustments

Land Use

Mode Choice
Parameters

TRANSPORTATION SECTOR MODEL
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Mode Choice

Discrete
Choice

Elasticities
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Trip Tables
(by mode)

Network Distances

Energy and
Emissions Factors
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RANSPORTATION MODEL SEGMENTS

Travel Behavior Trips
* Trip purposes * Production (home-end)to
— Work attraction (activity-end)
— School * Mode
— University — DriveAlone
_ Pick-up/ drop-off — Shared-Ride (2/3+ for Work)
— Non-home based ~ Bike
— Walk

Level of Service _ Walk toTransit

e Auto travel time (in and out of — Drive to Transit (Bus, Subway,
vehicle) and cost (tolls and Commuter Rail, Boat)
operating costs) . Time ofday

* Transit travel time (in and out — AM
of vehicle) and cost (fare) — MD

 Non-motorized distance and — PM
time _ NT
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TRANSPORTATION: LOW IMPACTSCENARIO

Transportation GHG Change vs. 2030/2050 Baseline
6% 4% 2% 0% -2% -4% -6% -8%

Clean Vehicles

Land Use 2030 2050
Transit
Boston Transportation GHG Emissions (metric tons)
Active Transportation 2,500,000
2,000,000
CAV
1,500,000
Smart Mobility
1,000,000
Travel Pricing 500,000
TDM )
2016 2030 2050
M Baseline M Scenario
Combined
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INTERACTIVE EFFECTS: SMART MOBILITY

Change in 2030 GHG emissions: 10% trips by ridehailing, fleet averagetechnology

8.0%
6.0%
4.0% Change in
vehicle
2.0% occupancy vs.
current levels:
0.0% : e )
0% 20% 40% 60% 0% 12
-2.0% ]
1.4
-4.0% 1.6
—_1.8
-6.0%

1
Prior drive mode share
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TRANSPORTATION:

IGH IMPACT SCENARIO

Transportation GHG Change vs. 2030/2050 Baseline
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Transit

Active Transportation

CAV
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2030
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Boston Transportation GHG Emissions (metric tons)
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BOSTON'S TRANSPORTATION ECOSYS

Legend
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CO-BENEFITS & EQUITY IN

RANSPORTATION SECTOR

TransformTO

CLIMATE ACTION FOR A HEALTHY,
EQUITABLE, PROSPEROUS TORONTO

Results of Modelling
Greenhouse Gas
Emissions to 2050

Action Total weighted co-benefit score of action

12 1ane: | N HE BN B
S AV Il e

tra nspor‘tati on

#10. Land-use and I

structural change

IO . . . -

retrofits

=il D B RS B e
6. Decentralised gy W B

renewable energy

G 0 e
behaviour change

4. Disicterergy NNDDEE DB
1. Electric vehicles [ [

5. Waste diversion | NN I

0 50 100 150 200 250 300
Co-benefits

M Public health B Clean air

W Quality affordable housing Affordability

W Mobility B Resilience

M Sustainable energy B Quality jobs

W Resource use B Equity
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CO-BENEFITS & EQUITY IN TRANSPORTATION SECTOR

TransformTO

RELATIONSHIP BETWEEN CO-BENEFIT SCORES AND GHG REDUCTION
POTENTIAL OF PROPOSED ACTIONS

300 3,000
CLIMATE ACTION FOR A HEALTHY, = 555
EQUITABLE, PROSPEROUS TORONTO ‘
200 2,000
; 150 1,500
Results of Modelling
100 1,000
Greenhouse Gas
. = 50 500
Emissions to 2050
0 0

m MCA score -8 GHG reduction

MCA score
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56 % QUICK

19% EXERCISE

B 6% INEXPENSIVE
| 1% ENVIRONMENT

WHY COPENHAGENERS CYCLE
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SoLIb WASTE

* Boston is going through a zero waste planning process
— Reduce waste generation
— Improve diversion strategies

* Calculating emissions reductions is challenging

— Waste sector emissions models utilize LCA

— Displaced production credits are uncertain and not dynamic
* Opens the door to consumption emissions

Institute for Sustainable Energy Gr\een Ribbon q 23:;":;&



LONG-TERM GOALS

* ScaleApproach

— Partner with Metropolitan Area
Planning Council in regional plan
update

— ldentify other cities
— Integrate water planning
* Standardize Platform
— Cloud based container for easy
spin up
* |dentify Partners
— C40
— National Labs/JGCRI/EPA/DOE

Institute for Sustainable Energy
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The MAPC Region
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on Interlocal Coordination i
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Lunenburg : Westford
o North Shore
R Task Force (NSTF)
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Advisory Planning
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Dover is in Three Rivers and South West Subregions.
Miiton and Needham are in Inner Core and Three Rivers Subregions.
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SUSTAINABLE BUILDINGS INITIATIVE

\A & §. l“ e
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« BERDO Focus Group

e Boston Smart Utilities
Workshop

« (Case Studies




GREEN RIBBON COMMISSION COMMERCIAL REAL ESTATE
WORKING GROUP

 Finaldeliverables from 2017-2018 Workplan:

Memo on city level resilience audit /retrofit program
Memo on city E+ program for small commercial

« EEAC Comments
* Flood Resiliency Overlay Zoning & Design Guidelines



POLICY AGENDA

Environmental Bond Bill

An Act to Promote a
- Clean Energy Future




For more information contact
Yve Torrie




