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Greenhouse Gases (GHGS)

- Gases within the
- atmosphere that
trap heat

‘@I and crude oil

: hydrofluorocarbons
: subgitute of 0DS H ch
v-?";__Greenhouse gases (GHG) semonducor

‘and their sources e

The global warming potential (GWP) of each GHG

is measured using the equation ‘Tg CO,Eq’

Each gas's GWP is measured against the referenoe gas, CO;

CO, is measured in 1million metric ton@

‘1 metric ton is 1000 kilograms = average welght of a female glraffe

w B ONTROL
D As 'rECII/VDl OG/ES

i -

https://geologyscience.com/



Greenhouse Gases (GHGS)

HFCs, PFCs, SF4, NF,

transportation aricultur.e

Carbon dioxide

fossil fuel combustion

coal and crude oil
hydrofluorocarbons

substitute of 0DS H ch :

Greenhouse gases (GHG) ~ smomwr & PFC&

: manufacturing
and their sources
perfluorocarbons
The global warming potential (GWP) of each GHG P :
is measured using the equation ‘Tg CO,Eq’ aluminium p“,’d“‘t“'“
Each gas's GWP is measured against the reference gas, CO,. : :
€O, is measured in 1million metric tons. & : sulfur hexafluori

1 metric ton is 1000 kilograms = average weight of a female giraffe.
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Energy from the sun Some is a@sorbed by
reaches Earth GHGs and re-radiated in
all directions

\ ,/("’

4

< As GHGs
increase, less

heat escapes

Some energy is reflected
back into space

GHGs currently keep earth at about 59°F




Global atmospheric carbon dioxide compared to annual emissions (1751-2022)
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Last 9 Years Warmest on Record

Global Temperature Anomaly (°C compared to the 1951-1980 average)
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Hungary CO2 emissions by Year (tons)

75M

100M

United States CO2 emissions by Year (tons)
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China CO2 emissions by Year (tons)

15G

United States CO2 emissions by Year (tons)
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PARIS CLIMATE AGREEMENT

' I 2

<2°C

NET ZERO
EMISSIONS
ettt il e
Limit the avg. global Enhance resilience and Align financial flows in the
temperature increase to < 2° adaptation to climate world with these objectives
centigrade + achieve net zero impacts certain to occur

emissions by mid-century

https://sustainability.yale.edu/
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Emissions Goals

70% of Boston’s
emissions come from
buildings

UN Climate Change @ @UNFCCC - Oct 8
“Limiting global warming to 1.5°C would require rapid, far-reaching and unprecedented / D‘ B ONTROL
‘ﬂ \

N

changes in all aspects of society” bit.ly/2y6mirS ¥ Read @IPCC_CH press release on 'rECII/VDLOGIES

special report by the @UN Intergovernmental Panel on #ClimateChange #SR15 #COP24
#ParisAgreement




Government Ordinances

State and local building performance standards. Source U.S. Department of of Energy. Updated 12/29/2023.
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ASHRAE Journal, March 2024

Washmgton D.C.

« BERDO 2.0 (Boston)
« BEUDO (Cambridge)
* NYC Local Law 97

NET ZERO BY
2030

Boston, MA

Cambridge, MA

@,

= New York City, NY

Maryland

Montgomery County, MD

Policy Status, Metric

B Passed, Both

B Passed, Emissions

B Passed, Energy

" Passed, Under Development
8 Under Consideration, NA
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Building Emissions Reduction Disclosure Ordinance
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Building Emissions Reduction Disclosure Ordinance
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What is Net Zero?

Decarbonization
Reforestation
Direct Air Capture
Mineralization

Power Generation
Transportation
Agriculture & Food
Deforestation

EMISSION REMOVAL
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What is Net Zero?
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he Five Foundations ot Zero
Carbon Building Policies

@ <> E
Energy Renewable Grid Integration Building Embodied
Efficiency Energy + Storage Electrlflcatlon Carbon Zero
Carbon
N .l J* et - 4 AN G iding

Policy

© New Buildings Institute, 2020
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Energy Efficiency: Measure & Maintain

Building Energy Reduction

(1eah/ys/nigy) xopuj esn Abiaug
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Energy Efficiency: Measure & Maintain

Building Energy Reduction

Energy Use Index (kBtu/sf/year)

61% Average Persistence
In Energy Savings

Factors Affecting Persistence
Total Project Cost Savings
Major Retrofit

Training

BAS Management

Size of Building

Staff Turnover

Building Type

a{ D‘\\\\s "rmgg/f/ataaa-'s



Government Ordinances

State and local building performance standards. Source U.S. Department of of Energy. Updated 12/29/2023.
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ASHRAE Journal, March 2024

Washmgton D.C.

« BERDO 2.0 (Boston)
« BEUDO (Cambridge)
* NYC Local Law 97

NET ZERO BY
2030

Boston, MA

Cambridge, MA

@,

= New York City, NY

Maryland

Montgomery County, MD

Policy Status, Metric

B Passed, Both

B Passed, Emissions

B Passed, Energy

" Passed, Under Development
8 Under Consideration, NA
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Definitions

Benchmarking Comparison of energy use to similar facilities

EUI Energy Use Intensity (energy/fté/year)

SEIGSIEIGNII (I EPA EnergyStar's benchmark score

a{ D‘\\\\s "rogglllfawaa-'s



Government Ordinance Requirements

@ ENERGY STAR®

=< Portfolio\lanager®

| MyPortfolio

Sharing

EPA Sample University

Reporting

314 Einstein Place, Springfield, VT 05156
Portfolioc Manager Property 1D: 33105685

Welcome Account | Notifications | ENERGY [1] | Contacts | Help | Sign

arianaaxelrod: Settings

Recognition
Mot currently eligible for
ENERGY STAR
Map It Certification

STAR Out
Motifications

/ Change Metric

Weather Normalized ;,, .
Source EUI (kBtu/ft®) score?

Current: 155.9
Year Built: 1501 (13.66% lower than median.)
7/ g Baseline: 165.7
(8.25% lower than median.}
Summary Details Energy Water Waste & Materials Goals Design
(7 < 7/ .
Change Metrics
Source EUI Trend (kBtu/ft?) / 9 ) )
PW
/s Change Metric (
200 — Metrics Summary
—e ) Dec 2014 (Energy Mar 2017
Metric # Baseline) (Energy Current) Change @
100 EMERGY STAR Score (1-100) Mot Available Mot Available A
Source EUI (kBiu/fit=) 167.5 1249 -12.60 {-7.530%)
By -10.60
Site EUN (kBiu/f) 311 705 (-13.10%)
0
2013 2015 2017 2019 2021 2023 =
Energy Cost (3) 3,040,941.24 2.807,209.75 253';3%19
{Chart current as of 03/07/2024 Refresh Chart i
07:26 PM EST) Total (Locafion-Based) GHG )
Emissions Intensity (kgCO2e/ft) 54 48 -0.60 (-11.10%)
\ / Water Use (All Water Sources) 2.856.70
(kgal) 57.634.4 90,4911 3.30%)
Total Waste (Disposed and -652.85
Diverted) (Tons) 3823.93 314105 (-17.90%)
. J

Reporting
Compliance
Improvement

B ONTROL
'rECIIlVDl OG/ES
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BERDO Emissions Standard (kgCO.,e/ft?/yr)

Building Use 2025-2029 2030-2034 2035-2039 2040-2044 2045-2049 2050-
Assembly 7.8 4.6 3.3 2.1 1.1 0
College/University 10.2 5.3 3.8 2.5 1.2 0
Education 3.9 2.4 1.8 1.2 0.6 0
Food Sales & Service 17.4 10.9 8.0 54 2.7 0
Healthcare 154 10.0 7.4 4.9 2.4 0
Lodging 5.8 3.7 2.7 1.8 0.9 0
Manufacturing/Industrial 23.9 15.3 10.9 6.7 3.2 0
Multifamily Housing 4.1 2.4 1.8 1.1 0.6 0
Office 563 3.2 2.4 1.6 0.8 0
Retail 7.1 3.4 2.4 15 0.7 0
Services 7.5 4.5 3.3 2.2 1.1 0
Storage 54 2.8 1.8 1.0 0.4 0
Technology/Science 19.2 11.1 7.8 5.1 2.5 0

=4 DXS %o



BEUDO Benchmarking

Baseline: 2018 & 2019

>100,000 sqgft 25,000-99,999 sqft
2026-2029 80% of baseline 2026-2029 100% of baseline
2030-2034 40% of baseline 2030-2034 60% of baseline
2035- GHG emissions shall not exceed 0 2035-2039 40% of baseline

2040-2044 20% of baseline
2045-2049 10% of baseline
2050- GHG emissions shall not exceed 0

=4 DXS %o



EN ERGY STAH’“

Welcome Account | Notifications | ENERGY 0| Contacts | Help | Sign
STAR Out

P arianaaxelrod: Settings
0 0 Io a n a g e r Notifications
[ENERGY STAR|

Manage Bills (Meter Entries) for EPA Sample University (including_one child building)

Meter Selection: |

Electric Grid Meter - 182113433

» Basic Mete

Energy Meters

Electric Grid Meter - 182113433

~ p the left to expand this section)

Water Meters
Potable Indoor Meter - 182113434 Display Year(s ‘ | 2017 | ‘
Potable Outdoor Meter -
182113435
Start Date  aste Meters sand Watt- Total Cost($) Estimation g;‘:f; R‘emma"d gz:‘t"’{'s“; Last Updated
Composted- Compostable -
& Mixed/Other - 182113438 e 173,841.96 0 0 zgﬁgi:elmd
() | 11112017 2/15/2017 3,200,000 250,000 O O z‘;gigiielm "
O | 21572017 3/16/2017 2,300,000 175,000 d O Z’;gﬁgiielm d
m QARIMNAT AIMRIMIN17T 2 20N Nnnn 47A NN m m 3!?"2024

Can we
automate this?

DXS

B ONTROL

'rECII/VDl OG/ES



Automate Your Reporting

 High Speed Infrastructure
* Metering
 Data Storage

a{ DX s ";%/fmaafs



Automate Your Reporting

 High Speed Infrastructure

a{ DX s ";%A[maafs



BAS Architecture

Building Equipment Sensors and Actuators
(Global Control) (AHU/Plant Control) (Device Control)

Enterprise

— ‘\
) ‘)‘
1]

Field Devices

Server Building B

Central
Plant

a{ D‘\\\\s "rmgg/f/ataaa-'s



Serial Communication Networks

/ Protocol Max Data Rate

LONTalk 12.5 kbps
BACnet MS/TP 78.4 kbps

a{ D‘\\\\ s ";AZEI?II[IDLDGES




BACnhet IP

o
off
"B i :
3 i V:
1)
e = :
s Bk
g

Protocol Max Data Rate

LONTalk 12.5 kbps
BACnet MS/TP 78.4 kbps
BACnet IP 100 Mbps
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BACnhet IP

Protocol Max Data Rate

LONTalk 12.5 kbps
BACnet MS/TP 78.4 kbps FASTER
BACnhet IP 100 Mbps

a{ D\\\\\ s ";AZEI?A[ID[DGES



Automate Your Reporting

* Metering

a{ DX s ";%A[maafs



Energy Disaggregation

Energy Use by Calendar Month (Not Weather Normalized) for EPA
Sample University (including one child building)

20M
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=
2 1om
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e R\ X e ~o e e O ~o S N
R N &% R & &‘\ R R &* B NG

-®- Electric - Grid == Natural Gas
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Energy Audits

Collect Energy Data

Collect 2-3 years of utility data

Site Survey Collect nameplate from building systems

Analysis

Calculate system specific energy usage

ldentify ECMs ldentify areas of potential energy savings

Economic Evaluation [ J

=4 DXS %o



Energy Audits

system specific energy usage

 Makes assumptions about general operating hours and building use
« Uses historical weather data to estimate system loads

« Uses nameplate data, which assumes ideal conditions

e Subject to human error

=4 DXS %o



Energy Disaggregation

PowerSco

Multi-Circuit Monitor

WTROL
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Energy Disaggregation

Energy Use by Calendar Month (Not Weather Normalized) for EPA

20M
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=

2 1om
s
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-®- Electric - Grid -¢- Natural Gas
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Energy Disaggregation

80,000

70,000

60,000

50,000

40,000

kWh

30,000

20,000

10,000

Jan Feb Mar Apr

May

Jun

Jul

Aug

Sep

Oct

Nov

Dec

I Process

. Refrigeration

E Kitchen

I Domestic Hot Water

N Pumps

N Fans

B Heat Rejection

s Space Cooling

I Space Heating

I Plug Loads

I Exterior Lighting
Interior Lighting

o Actual

4 DXS
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Terminal

Units .

Air Handling
Systems

B —
I — — —

Hot Water

Plant .

Chiller
Plant

i Backbone
~ Infrastructure

a{ D‘\\\\s "rog:/f/awaa-'s



Energy Disaggregation

@ Control Technologies Inc. Main Site Electric Meter EnergyMeter kW
20kW

15kW
10kW
S5kW

OkW

@ control Technologies Inc. Main HP1 Electric Meter EnergyMeter kWh @ Control Technologies Inc. Main HP1 Electric Meter kWh EnergyStarExport
5kWh

4kWh

3kWh
2kwh \

TkWh

@ Control Technologies Inc. CTI Water Meter Total Usage @ Control Technologies Inc. CTI Water Meter gal EnergyStarExport
3gal

2gal
1gal \
4a 5a 6a 7a 8a 9a 10a 11a 12p 1p 2p 3p 4p 5p

Ogal
12a 1a 2a 3a

6p mp 8p 9p 10p 11p  12a
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Automate Your Reporting

 Data Storage

‘ﬂ DXS %o



BAS Architecture

Building
(Global Control)

Enterprise

Server Building B

a{ D‘\\\\s "rmgggnl/ataaa-'s



What is the Cloud?

My boss told me to put my files in the cloud.

=4 DXS %o




What is the Cloud?

My boss told me to put my files in the cloud.
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What is the Cloud?

[
US Gov lowa
Central US

Oregon Central US 2

N. California

S GovCloud
West US

South Central US ~

\. \q North Central US
AW

Canada Central

‘ Canada East

@ North Europe

Ireland

UK South
N. Virginia
East US
East US 2
US Gov Virginia
S&o Paulo

i Brasil South

UK West

‘./M@

@ Frankfurt

BR Microsoft Azure

’ula

Beijing

China North /S_e,oyl apan East
@
West India @ hi
Central India ‘ ¢hina East
o . East Asia
Mumbai .\South India
Southeast Asia
Singapore

Australia East

'\ Sydne!
Australia Southeast PRl

_NINE
‘rfamazon

“F webservices

Atomia

DXS
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CloudZERO®¢"

Cloud BAS Route

Fower

N
—

(3-Phase Utility
Grade meter)

B T

=]

- B L
|

. Electricity (kW) from
& Eversource
4

Typical of Each Building

ENERGY STAR®

PortfoliolVianager®

CloudBAS™

4 DXS
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Elec Power * Week of 28-Jan-2024
Peak over 10min * Baseline Prev Month

@ control Technologies Inc. O Baseline Energy Previous Week

30kW

25kW

20kW

T5kW

T0kW

\,Kllo i

kW

OkW
Sun 28th Mon 29th Tue 30th Wed 31st Thu 1st Fri 2nd Sat 3rd Sun 4th
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Fault Detections & Diagnostics (FDD)

180°F
»
»

¥ CLOSED
70°F » 85°F |
From Cooling Towers) ) To Building CWS Set P_Olnt: 80 F
U » Alarm Limits:  Below 60°F
Above 95°F

To Cooling Towers <@ i < From Building = @ ONTROL
m D‘\\\s g oL oGiEs
A\



CloudFDD"™

»
»

)

foor
Fdbm Fecssons  Comen 4
b g T oracnosTc
it WRARTERANCE  Control Tec...
=]

1 8 O ° F Contro ‘:c“c ogies Inc. > Portsmouth Sa
AHU20 °©

I Score (% Change)

70°F

¥ CLOSED

y, Control
® Medium 0K
Not Maintaining Comfort

Client Site Equipment

Portsmouth...  High Schoal  AHUZO

Go ? & Mick Fack ~

ool District » High Schoel > AHUZD

From 2021-08-23 12:00 To 2021-08-30 12:00 | = |

L] Faults o
0, Q
93% (3.00%) » 14 2
Querall Seoe Current Fers 1 Peric
— e Fauit Occurrances
we T Interval 02 14 [ = l
Rule lssue Type Priority Current Status }r 06:00 EDT 08/27 10:00 EDT 08/27 13:00 EDT 08/27 15:00 EDT 08/27 18:00 EDT 08/27 20:00 EDT 08/30 06:00 EDT
CWS_Temp Control

85°F

From Cooling Towers ) i

3> o Buiding CWS Set Point: 80°F
U Alarm Limits: Below 60°F

»

Above 95°F

To Cooling Towers (

M ( From Building "—" VB ONTROL
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Smart Grid

ENERGY STAR®

Portfoliol\Vlanager®

—
==

Cloud BAS Route

CloudBAS™

e - EVERSSURCE
.2 nationalgrid
(& conEdison

=4 DXS %o
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he Five Foundations ot Zero
Carbon Building Policies

N B
Energy Renewable Grid Integration Building Embodied
Efficiency Energy + Storage Electrlflcatlon Carbon Zero
Carbon
@ e o @ Qg Q|

Policy

© New Buildings Institute, 2020
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Ne Five Foundations of Zero
Carbon Building Policies
4 )

Energy Renewable Grid Integration Building Embodied
Efficiency Energy + Storage Electrification Carbon Zero
Carbon
@ @ @ G @ |

Policy

© New Buildings Institute, 2020
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Carbon Dioxide Emissions Coefficients

Carbon Dioxide (CO,) Factors:

Pounds CO,

Per Unit of Volume or Mass

For homes and businesses

Propane

Diesel and Home Heating Fuel (Distillate Fuel Oil)
Kerosene

Coal (All types)

Natural Gas

Finished Motor Gasoline®
Motor Gasoline

Residual Heating Fuel (Businesses only)

12.68 gallon

22 .45 gallon

21.78 gallon

3,890.78 short ton

120.96 thousand cubic feet
17.86 gallon

19.37 gallon

24 .78 gallon

https://www.eia.gov,

/

What about
electricity?

4 DXS
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New England Resource Mix — 3/9/2025

Resource Mix

Price Map

NE
s D)
RESOURCES
: Phase 2
Highgate 1
b
51% @ NATURAL GAS
$52.35 25% @ wnucLEAR
$52.56 9% NET IMPORTS
NYISD AC $53.60 %%
b

RENEWABLES =
6% HYDRO
$53.83 COAL

$53.05 $53.15 OTHER
$53.49

$51.24 ’ I\
N $5270 Today’s

¥  wvisocsc
NYISO NNC Snapshot

AS OF 03/09/2025 11:45 AM

https://www.iso-ne.com/

AVAILABLE FORECASTED PEAK SURPLUS
CAPACITY [MW)

System Demand

16k

REMNEWABLES

52% WIND

23% WOOoD
212% REFUSE 12820 FORECASTED (Mw) 13330 @ acTuaL paw)

2% @ | ANDALL GAS
<1% @ soLar

System Status NORMAL

15,416

YESTERDAY'S PEAK
DEMAND [MW)

14,900 1,581

DEMAND [MW) CAPACITY [MW)

a{ D‘\\\\s "rmg'?glllfawaa-'s




New England Resource Mix — 3/12/2024

Price Map Resource Mix System Demand

16k
CIZTR T DAY AHEAD

14k
RESOURCES RENEWABLES

12k

36% @ NATURAL GAS 5. 51% © winD 00 04 08 12 16 20

$-5.48 34% @ nucLear | 28% @ soLar

20% RENEWABLES =) 120~ wEFUSE 8470 © rorecasten (mvwy 8584 @ ACTUAL (M)
10% HYDROD 8% WooD

<1% ' OTHER | 2% @ LANDALLGAS

<1% COAL e

$-5.54 (o] System Status NORMAL

NYISO AC

$-5.60

™ $-548
Mflsfulr:mc MO EE ;ﬁg;gﬁm 2 ’ 0 3 1 1 5 ) 2 2 3

AS OF 03122024 07-51 AM AVAILABLE FORECASTED PEAK SURPLUS YESTERDAY'S PEAK
CAPACITY [MW) DEMAND [NW) CAPACITY [NW) DEMAND [MW)

https://www.iso-ne.com/ S
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Electrification

Carbon intensity of electricity generation, 2000 to 2023

Carbon intensity is measured in grams of carbon dioxide-equivalents® emitted per kilowatt-hour? of electricity
generated.
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Data source: Ember (2024); Energy Institute - Statistical Review of World Energy (2023) QOurWorldInData.org/energy | CC BY

Eversource Emissions Progress
Operational Emissions (Scopes 1 and 2) in MT COze
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Demand Side Management
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Energy Disaggregation
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BEUDO Benchmarking

Baseline: 2018 & 2019

>100,000 sqgft 25,000-99,999 sqft
2026-2029 80% of baseline 2026-2029 100% of baseline
2030-2034 40% of baseline 2030-2034 60% of baseline
2035- GHG emissions shall not exceed 0 2035-2039 40% of baseline

2040-2044 20% of baseline
2045-2049 10% of baseline
2050- GHG emissions shall not exceed 0
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RISKS OF USING HISTORIC WEATHER DATA FOR BUILDING DESIGN
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NEW BUILDING
OPENS 2025

Model location: Sacramento, CA with a daily maximum temperature above 1039 °F and a medium emissions (RCP 4.5) scenario.
Source: Cal-Adapt. Data: LOCA Downscaled CMIPS Climate Projections (Scripps Institution of Oceanography), Gridded Observed

Meteorological Data (University of Colorado Boulder), LOCA Derived Products (Geospatial Innovation Facility).
Climate Forward? How Architects and Engineers Are(n’'t) Using Climate Projections to Inform Design, March 2023
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he Five Foundations ot Zero
Carbon BUHding “olicies

4 )
Energy Renewable Grid Integration Building Embodied
Efficiency Energy + Storage Electrlflcatlon Carbon Zero
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Policy

© New Buildings Institute, 2020
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ASHRAE Standard 100-2024

2018:
Energy Efficiency in Existing Buildings

ANSI/ASHRAE/IES Standard 100-2024
(Supersedes ANSI/ASHRAE/IES Standard |100-2018)
Includes ANSI/ASHRAE/IES addenda listed in Appendix N

Energy and Emissions 2024:
Building Performance  “Model for building performance

o Standardfor i q5rd adoption across the U.S. and
xisting Buildings ) _ e
internationally

See Informative Appendix N for approval dates by ASHRAE. the llluminating Engineering Society, and American National Stan-
dards Institute.

American National Standards InstituteThis Standard is under continuous maintenance by a Standing Standard Project Com-
mittee (SSPC) for which the Standards Committee has established a documented program for regular publication of
addenda or revisions, including procedures for timely, documented, consensus action on requests for change to any part of
the Standard. Instructions for how to submit a change can be found on the ASHRAE® website (www.ashrae.org/continu-
ous-maintenance).

The latest edition of an ASHRAE Standard may be purchased from the ASHRAE website (www.ashrae.org) or from
ASHRAE Customer Service, 180 Technology Parkway, Peachtree Cvorners, GA 30092. E-mail: orders@ashrae.org. Fax:
678-539-2129. Telephone: 404-636-8400 (worldwide), or toll free 1-800-527-4723 (for orders in US and Canada). For
reprint permission, go to www.ashrae.org/permissions.

© 2024 ASHRAE ISSN 1041-2336
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ASHRAE Standard 100-2024

SEEKING COMPLIANCE

with ASHRAE Standard 100? 2 O 1 8 .
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ASHRAE Standard 100-2024

2018:
IM NOT LAZY. Energy Efficiency in Existing Buildings
IM JUST ON MY

2024
'L3 Q\' ENERGY “Model for building performance
SAVING standard adoption across the U.S. and

internationally”
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Ariana Axelrod, PE, CEM
845.523.9299

ariana.axelrod@controltechinc.com
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