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The Value Proposition for Energy Data Management

= Set realistic and achievable goals

= Improve control of energy budgets

= Track and verify progress

= |dentify energy and cost saving opportunities

= Cut energy waste

= Save money/taxpayer dollars

= Demonstrate leadership

* Increase the efficiency of operations

*= Create a culture of accountability and high performance

= Communicate results and receive recognition ggﬁg{ngs..



| Get Started

Use the Energy Data Management Guide's step-by-step approach to establish
a robust and sustainable energy data management program in your state,
local government, or school district.

Access the guide's:

* Proven strategies with demonstrated, portfolio-wide energy savings
« Data management tools and resources

» Customizable templates and worksheets

» Relevant examples and case studies.

Learn more about the guide.

- ¢

Step-by-Step Process

You're only seven steps away from taking control of your
energy data.

Generate Buy-In

o Define the Merits of Tracking Energy Data
e Align with Organizational Goals

Build a Solid Foundation

o Create a Central Database

o Streamline Access to Data

o Leverage Data Management Tools
Hardwire Energy Management

o Optimize the Organizational Structure

o Drive Engagement and Communicate Results
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Energy Data
Management at MGM

Better Buildings Summit
August 23, 2018

Mark Campbell
Director of Sustainable Facilities

MGM RESORTS INTERNATIONAL



MGM RESORTS INTERNATIONAL

e 28 Unique hotel offerings

e 740 Acres on the Las Vegas Strip 4 _ )
Annual Domestic

e 48,000 Total guest rooms and suites Energy Consumption:
Over 1.1 Million MWh

e 400+ Restaurants \ Y,

e 78,000+ Employees

« 3 Million sq. ft. of convention space



Outline

 Energy data management, analytics, and applications at MGM
« My Green Advantage program to educate employees

« Embedding sustainability & continuous improvement into culture

MGM RESORTS INTERNATIONAL
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Ambition for Energy Data Management

d Goal: Offer the leading guest experience while using as little energy
as possible (and drive a little healthy competition)

1 Corporate Sustainability Division (CSD) responsible for collecting,
processing, and distributing a range of data to property teams

d E.g., electric & gas utilities, sub-metered electricity, flow,
temperature, etc.

UPGRADING DATA MANAGEMENT TO DELIVER ON AMBITION

4 )
Energy Monthly utility data, Monthly and real-time
m} spreadsheets, 2-3 data, spreadsheet and

months late web-based

. J

/mg Cloud-based historian )
Very little historical data, N ’

disparate systems - ability to c_or_relate
. @ P y energy & building data y

MGM RESORTS INTERNATIONAL
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Energy Data Management

DATA DRIVES PROJECTS, THEN AND NOW

Conduct internal measurement & verification
and case studies on successful projects

Evaluate chillers against factory specifications _ 10 %
to ensure proper functioning from manufacturer '
property E 42.7F e

Deliver energy and building data to facility
operators at regular cadence

Jan Feb Mar Apr hay Jun

Pressure independent control/
valve & data

Aug Sep Oct. Now Dec

Jul

MGM RESORTS INTERNATIONAL
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Whole Building Energy & Water Data

d Utility bill review

J Historical data from
2010 onward

1 Dashboard format

13



Snapshot: Energy & Building Metrics

Bellagio Operations Status Central Plants Scorecard  Signature Retrofit Project Performance

| < | Yesterday | > |
Bellagio * Average Casino Zone Temp * AVG: 72.7 °F
T4°F
73.5°F
T3°F
7258°F
TZ°F
12a 1a 2a 3a 43 Sa 6a Fa ga 9a 10a Tla 12p 1p 2p I 4p 5p &p 7p Bp 9p 10p e 12a
Bellagio - Chilled Water Supply Temp - AVG: 45.5 °F
47°F
45°F
43°F
128 1a 2a 33 43 58 63 7a 8a 9a 108 11a 12p Ip 2p 3p 4p sp 6p Tp 8p Sp 10p 1ip 12a
Bellagio * Total Number of Chillers Running * AVG: 3
B
]
4
2
e}
12a Ta 2a 3a 4a Sa 6a Ja 8a Sa 10a Ma 12p il 2p 3p 4p 5p &p e 8p 9p 10p 1Mp 12a
Bellagio * kW/ton Performance * AVG: 0.49 kW/tonref
B kW/tonref P f_mﬁm—ﬂﬂ,w“—-—'d‘“w
AkWitonref + = E \j‘
2kwytonref Y . . 2 " . ™ u w . s 2 3 . |
12a Ta 2a 3a 4a 5a 68 Ta Ba 9a 10a Ta 12p 1p 2p 3p Ap Sp ap 7P Bp Sp 10p Mp 128

MGM RESORTS INTERNATIONAL
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Reporting on Energy & Building Data

Audience

Senior
Management

VP Facilities

Director /
Manager

Engineer

MGM RESORTS INTERNATIONAL
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MGM My Green Advantage

Vv c¥=Y == ==

r‘ 1l Gr(( .n Sign Up Loglin
aaraniage g

MOM RESORTS INTERNATIONAL . .

What Can You Do?

Join MY Green Advantage '

vantage 7 :

. ) MGM Resogsmvmmon

—_—
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MGM My Green Advantage
SIGNIFICANT

4 -
FRIENDLY EMPLOYEE
‘ PARTICIPATION » IMPACT
e
5, 078 100

L COMPETITION L
/EE Last30Days ¥ x g B
‘:)L. {\)W: "‘"" "‘"“" TOTAL ACTIONS
. £4% 248
Sl XSS
g 100,275,090

TOTAL POINTS EARNE

J

= o ‘ MGM Grand Las Vegas
MM L | 539,026 points .
A
Mandalay B
2w e s )
\
3 Beau Rivage
345,374 points
433911 reams of copy paper
‘ . or 26,026 trees
4 ) Bellagio
| 273,082 points
== ) Enough fuel to move a 10,000 ton
5 |Gimrcus c‘f"‘}"si';:“s 3 freight train 183027 miles
or 3,910,729 gal fuel
531 railroad cars of coal worth of
emissions
or 272,438,309 lbs CO2

Enough energy to power New
York City for 116858 seconds

or 203,800,602 kWh energy

6 pf' ARIA Resort & Casino
Tla 62,183 points

The Slgnature

386 points

17
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Embedding Sustainability into Company Culture

ACTIVATING OUR EMPLOYEE BASE ENGAGING LEADERSHIP

0 Employees at every level 0 MGM leadership sets ambitious
encouraged to submit ideas for all annual goals for properties focused
areas of MGM's operations on energy efficiency

O Energy & water management O Progress toward these goals is
programs instituted to inform staff, tracked, reported, and tied to
create teams, set roles and share bonuses

best practices

4 Lessons learned and
data-driven insights inform
continuous improvement projects

“Not everything that counts can
be counted, and not everything
that can be counted counts.”

MGM RESORTS INTERNATIONAL (now 1.4 million)

18



Jacobs, City of Boston

-

DDDDDDDDDDDD




erc

Jﬁ-T_.

e ok
'-r_.?‘*?‘.*,. ;

e, TGty of Boston,.Envwonmen,t Department
e e Adam Jacofbs Energy I\/Ianager

5 ,:;; EN __J;t;_,

-l
i




Intro: Boston’s Municipal Government Energy Use

67,000 Street Lights

= . 3,500 Fleet Vehicles
(11%) AHLLLTIALITLELL) ) (24%)

315 Buildings &
(65%) BOSTON



Energy Data - the bill

EVERSSURCE

H

2l 80 2719 &5k 999L
tmteen ||| et COB-PROP MGMT/CITY HLL SQ
AUDITING NG
CITY HALL PLAZA
PAYMENT
BOSTON MA 02201-0001 NECESSARY

Electric

Please allow 7-10 business days for your payment to post. 9

STATEMENT ACCOUNT 2719-856-9991

ACCOUNT NUMBER

2663 216 1005
SERVICE PROVIDED TO
COB-FROFP MGMT/CITY HLL 3Q

1 CITY-HALL sSQ
BOSTON MA 02201

ELECTRICITY USED
RATE B7T-NEMA LG GENERAL TOU
METER 5116812
CONSTANT 400

NOV 30, 2017 = DEC 29, 2017
29 DAY BILLED USE 1,145,720

USE COMBINED FROM MULTIPLE METERS

BILLING DATE NEXT READ DATE
JAN 2, 2018 JAN 31, 2018

ACCOUNT SUMMARY

FREVIOUS BILL -27,555.92
PAYMENT - THANK YOU -58,927.87
FRIOR BALANCE -86,483.79
CURRENT DELIVERY CHARGES 62,672.30
OTHER CHARGES/CREDITS -288.10

CREDIT BALANCE - $24,099.59

CURRENT ELECTRIC CHARGES
(SEE DETAIL PAGE) 62,672.30

OTHER CHARGES AND CREDITS

TRANSFER AMOUNT -503.10
ENERGY L INK SVC CHARGE 215.00
TOTAL OTHER CREDITS -288.10

Available Data

e Location

o Rate class/tariff
e Consumption

e Demand

Uses

e Budgeting
e Energy Performance
e Emissions Reporting

BOSTON



Energy Data - Time of Use (TOU) meters

2400

__ 2000
1600
1200
800

400

Demand (kW

2400
2000
1600
1200

800
400

Demand (kW

1,605

—

Today

City Hall - Electric Load

WV 00:C1

WY 00:20

WV 00:%0

WV 00:90

WY 00:80

Yesterday

WY 00:01

Nd 00:C1

Wd 00:20

Wd 00:%0

Ad 00:90

Nd 00:80

Wd 00:01

WV 00:Z1L

Sources

o Utility TOU meters
e 3rd party meters

Available Data

e Demand (kW)
e Consumption (kWh)

Uses

e Building Scheduling
e Energy Savings M&V
e Demand Response

e More Budgeting! -

BOSTON



Boston’s Implementation and Results

Bills - VVerified for accuracy by 3rd party before payment

e Cost =$250k ( 3yr contract)
e Savings = $1.3 million in credits recovered from utilities

TOU - data internally cataloged/displayed with help of city's IT dept

o Cost = internal staff time, existing dashboarding tool

e Savings = ~$430k
o $200k reduced 3rd party vendor costs
o $180k demand response revenues and capacity tag avoidance
o  $50k from building scheduling



Tips for Solution Development

Utility billing data BT — R —C ",
@ dashboard.cityofboston.gov
e Asimple, searchable tool
e Utility data is messy...trying to clean it up can
make things worse £ 2
o Give vendors original data, not derivative sets o
o For Energy Star - do the opposite!
TOU Meter Data m
e Vary solution to meet needs/abilities of staff
e Make it easily accessible
e Some education required e r e



Tips for Procurement

Software as a Service (SaaS)

e Vendor s a partner, an extension of your staff
e Vendor is not a silver bullet

Existing Tools / In-house?

e Don’t buy new things if you don't have to
e Doesyour organization’s IT department have an existing Bl tool?
o Examples - Tableau, Pariscope, SAP, Google

Data Ownership

e Ensure you have complete ownership (and backup) of all data in
externally hosted SaaS products, and put it in the contract!



Open Data and Transparency

ANALYZE BOSTON

energy Q

nment Department

8 DATASETS FOUND FOR "ENERGY"

ORDER BY: | Last ) v
Boston Maps (1) - 4 = T 4
= & Central Library Electricity Usage
TOPICS . Electric power load at Boston Public Library’s Central Branch (700 Boylston Street, in Copley Square) measured every five minutes.
Environment (3) ified on March 30, 2018
606 total views
Public Property (2)
 csv ]
Fa
Geospatlal (1) 2 s =
R City Hall Electricity Usage
Lis S Flectric power load at City Hall (1 City Hall Square) measured every 15 minutes,
FORMATS v Modified on March 30, 2018
LICENSES v (o]
@ City of Boston Utility Data
Monthlv utility data for all City of Boston accounts. This data comes from Boston's Enterprise Energy Management System. This software tool serves as the system

of record for..

on Marcl

Greenhouse Gas Emissions

is based on a combination of

This dataset represents the annual greenhouse gas e
direct data and..

ns produced by the City of Boston from 2005 to 2015. The ann

143 total views
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Celanese Corporation ’) Celanese

The chemistry inside innovation™

We are a global technology and specialty materials company Bonsle
that engineers and manufactures a variety of products Fimonton A8
essential to everyday living.

Florence, KY

Sponden, UK Amsterdam, Netherlands
Geleen, Netherlands

Boucherville, QC

Perstorp, Sweden

Wehr, Germany

o N “ L o Nantong, China KEP, Korea
o e Y g AT -
F e . Bubumn Hills, M1 >\"' = e

. /{.—-ﬂhﬂham@n, Germany \ ’_'—ﬁ \,

Claar Lake, L

/ Polyplasties lapan

- ~7,700 employees - Hx%a‘ 7 — 7

e 42 global manufacturing facilities oy 4" ;_; \':“'““‘"**‘:'“‘3

¢ $6.1 billion in net sales in 2017 I W - Y

* Global headquarters in Dallas, Texas, USA e i i ) A
* Number 455 on the 2017 Fortune 500 list - ¢

* |nnovation is at the core of our business
* Differentiated business model

Joint Ventures

campo Bom, Brazil

(3 Regional Has

CE Energy Intensity, MBTU/Ib

3.10 { _
\ | 2020 Goal = 2.42 (-15% from 2013)

Leverages chemistry, material science

£3.00 and applications based on customer
E 2:90 relationships and insight to create
gff? \ unique solutions and value
ENERGY STAR SRS N
AWARD 2018 |SEERY ~ Acetyl Chain e o B2
PAHTNEH OF THE YEAR . e a0 s0te 2010 $3.37 BILLION understanding of global trade flows to
Sustained Excellence W SRS create value

Energy Data Management Celanese Corporation



Energy Data

’) Celanese

The chemistry inside innovation™

Energy Data Management

Aophed Energy

‘\__‘ Proces Cocdng & Refrigoration
—

s

Bectre-Chemical Frorwss End e Losses

321G

Management o
1 e ———y o - ;
. .

Energy ) g .
r 3 £ & ey L
- 5 " erereRefouwiit=r - e
L B, I 4 i g o= Povbedhs Fieieasans - " .
f Management ¥ o ENergylanmslase et R ]
A & Cost ‘e, Volume . = - - o -
\ \‘ Varget S-:_t
4 \ , e i e e
" Information Anabyiis B m; s S [ m
; Investment - g e T —
Measure ment < - i =T
Energy Conservation 7 Perdormance - —— A [——
~ i , Nerification [ - [ _._.-
Energy Analysis ’ o O, .
uy Analysi i e:‘c;;f‘::-'c - —-— -
o “~ 3 ; F a

We All Have A Lot Of Energy Data
There were 5 exabytes of information createzj betgfeg the dawn of civilization

through 2003, but thak-“r#ii'ﬁ‘!?\?&tﬁ% nq§ﬂ W éreated every 2 days
EXié ISk rbiot\(\Go ade \W 2N ) ?

“We’re Drowning In Data, But Starving For Information!”

Celanese Corporation



’) Celanese

The chemistry inside innovation™

Some Context on Data

» It is a capital mistake to theorize before one has data. Insensibly, one begins to twist the facts
to suit theories, instead of theories to suit facts.” - sherlock Holmes - Sir A. C. Doyle

» “If we have data, let’s look at data. If all we have are opinions, let’s go with mine.” - Jim Barksdale

» We cannot solve our problems with the same thinking we used when we created them -
Einstein

» “Somewhere, something incredible is waiting to be known” cari sagan

DOGBERT CONSULTS

YOU NEED A DASH-
BOARD APPLICATION
TO TRACK YOUR
KEY METRICS.

|

www. dlibert.com  sconsdams® sol com

THAT WAY YOULL HAVE

MORE DATA TO IGNORE WILL THE OKAY,

WHEN YOU MAKE YOUR DATA BE LETS
DECISIONS BASED ON ACCURATE? PRETEND
COMPANY POLITICS. THAT

I MATTERS.

|

K

5497 22007 Scott Adams, Inc./Dist. by UFS, Inc

“Without data,
you're just another
person with an .
‘opinion.”

. ~W. Edwards Deming

Data Driven Analysis 2 Sustainable Results

Energy Data Management

Celanese Corporation



Energy Data Analytics Hierarchy ") Celanese

The chemistry inside innovation”

Enhanced Methods Consider Only for Most Critical Business
Units with Significant Energy Spend
When Other Methods Exhausted

Significant Business Benefit Justification

Complex interactions

J

Operations Engagement
Drive energy to the equipment owner level
Build Models And Advanced Controls Into Systems

\Sustainability, Automation, Response Consistency

Advanced

Dashboards
Regression and Modeling

Prioritize Most Important \
Effective implementation with limited resources and capital

\
-\ Continuous Improvement
| Transition from reactive to proactive and develops

improved process knowledge

Energy Curves

)

» Analysis Level?
» Resources?
» Value?

Blocking and Tackling
Effective programs for basic activities

Foundational Understanding of
Energy Use

N

Strategy Aligned with Operating Context

Energy Data Management Celanese Corporation



Foundational Data Analysis ’) Celanese

The chemistry inside innovation™

» Simple Metrics and KPIs A g
— High level energy data (energy usage, energy 5 \\)( NN
= 29 h .400 =
intensity and energy cost o S~ (308
— Trending for directional indications e TR e GE
R A Q.;—.vp' 6@’& 6&:’0— tho \'é‘w
> Energy Balance e Energy Productivity (SM) —Fl (MBLu/Ib) — I (S/T)

— Detailed information into where energy is being
used

— Accounting for all the energy

» Process Control

i

]
§2 0

— Metering and process instrumentation
(temperatures, flows and pressures)

— Process control, alarms and historian systems

Energy Data Management Celanese Corporation



Basic Data Analysis

’) Celanese

The chemistry inside innovation™

» Entitlement Analysis
— Measurement of “Best Performance”
— Used for
— Development, Prioritization and
Resourcing of Projects
— Target Setting

» Pinch Analysis and Heat Integration
— Finds potential heat exchange between hot
and cold streams
— Energy that might normally be wasted
— Holistic process / plant analysis

Energy Data Management

06

0.4 -

0.2 -

Unit 1 Unit 2

)

E3

E2

What is the
value to get to
entitlement?

E1 Emax

l

Temperature (C)

100.0 3

0.0000
3,0000

Celanese Corporation

Composite Curves

Theoretical entitlement for heat l

integration is 80 MM [CEm— r‘-‘—rf-‘-f:‘-f
[

[

[

T 1 1

[

sedegele L ||

P

5000e+007  1.000e+008  1.500e+009 [
F=3 |

[
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[

[
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= 1|
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Optimization — Six Sigma Analysis Basic/Advanced ") Celanese

The chemistry inside innovation™

e Reduce Variation
Move the Mean

steam usage 2014

1200

o | res T * |Improvement at all Production Rates
oo P ? R-Qdfkor) 448%
i Steam Usage vs. Production Rate
1000 year
§ - ey
¥ ]
g
= 750 800
g
B E 700
00 . g
300 350 400 450 500 600
Production in t
500
steam usage 2016
T ; = 150 200 250 Proau::)i(;n rate 350 400 450
R-Qd T98%
R-Qa(kor) T T% °
- Analysis of energy consumers
» Is there variability in the process?
E = » Any discrepancies between theoretical and actual usage?
5|
- - » Comparison with design data
» Challenge of operating parameters, set points, operating limits
e » Is there a more efficient way?

300 350 400 450 500
Production in t

Energy Data Management Celanese Corporation



Energy Curves and Modeling Advanced " Celanese

The chemistry inside innovation™

» Measure Energy using continuous data and statistical multiple Used for:

regression analysis » Understanding of major variables that impact energy
» Define parameters (X’s) that effect Energy (Y) » Quantify the influence of multiple parameters on energy
» Control collateral variables - Counter Y’s usage

» Dynamic KPIs
» Understanding the effect of reduced production

Regression Analysis: Steam vs. Production Rate, Reflux, etc.

The regression equation is
steam = 1800 + 4292 production rate + 0,008 reflux [kg/h] +
1,82 T bd 53 + 8,60 1/T(2480) + 5,07 c(RM1) 2480 [%] - 334 R

Green Zone: Below -1 Sigma Band
33000 : Red Zone: Above + 1 Sigma Band
. Between 1 sigma bands

S = 0,00395544 R-Qd = 97,0% R-Qd(kor) = 95,8%

Fitted Line Plot 36000
Actual Energy Intensity = 79681 - 0.08817 Total production
+ 0.000000 Total production®2 34000
* Lower
5 120576
40000 R-5q 74.0% 22000 i
B » R-Sqladj)  73.8% Eneray
E % 30000 Curve
G 35000 £
E % « Upper
= g
4 o o
'E 30000 | « Daily Data
d 26000
E 25000
= i 24000
o 5%
20000 22000

FESELLLESES . BN

500,000 600,000 700,000 800,000 900,000 1,000,000 1,100,000 1,200,000 1,300,000 1,400,000 1,500,000

. Total Production (Ib)
Total production

Energy Data Management Celanese Corporation



Energy Dashboard Advanced " Celanese

The chemistry inside innovation™

Layer 1: Specific steam consumption of operating unit

Energy > Steam

Layer 2: Specific steam
consumption of single consumers

Layer 3: Process parameters ,
which influence the energy usage

» Continuous display of real time energy consumption /

S 10 1% 2 =] Y -] w . .
cost indicators

&80
10050 00059 o0us 00087 000% 0nes » Drill down capability to key energy drivers
Y = O : : : :
© © 4 & 8 H R N % B 0 » Integrated with quality and production metrics
Y & 0 incorporated in the plant controls systems
&0 &5 T ] a0 -
[ (et UG SRR, R | & O » Dynamic dashboard limits and key variables identified
15 18 2 24 Lre 130

e through statistical modeling / engineering validation
[ FUUGUL SN DTN SO SR Seees seee

0 1000 2000 3000 4000 S000 6000 7000 8000 000

Dynamic limits: Dependent on rate and product type ...

Energy Dashboards are a Real Time Online Control Chart

Energy Data Management Celanese Corporation



MPC / APC - Model Predictive Control Leader J Celanese

The chemistry inside innovation™

— Multivariable: Uses multiple inputs to control multiple outputs Economics Costs on Manipulated Variables

— Model-based: Process information is encoded in the form of models. Operator Control Engineer
L. . . . . Limits and Tuning
This information is used to predict future system behavior Targets Constants
. aps . . . . . Dynamic Predictions
- Constrained: Ability to predict violation of process constraints in the — —_—— \
future and generate control moves to prevent violation . . l
— Optimizing: Steady-state economic optimization incorporating costs B Sy e '

Setpoint
Independent Manipulated Output
Variable Values Variable Values Values

. DCS/Real-Time Database |

to maximize profit

NO APC APC

1.7
UCL=1.6862 +451=1.5149
: Where

the Your

i M Comfort
X=1.4201 Happens

SS
55 &8

X=15131

Zone

Individual Value

-4SL=1.3253

LCL=1.3400

134

APC reduced standard deviation from 0.05 to 0.02 and reduced the mean

Energy Data Management Celanese Corporation



Big Data Leader ") Celanese

The chemistry inside innovation™

From Wikipedia . o What qualifies as Big Data?
The term "big data" often refers simply to the use of predictive

analytics, user behavior analytics, or certain other advanced data

) + Large amounts of structured and unstructured data
analytics methods that extract value from data, and seldom to a . Time based data
particular size of data set. . Transactional data

+ enterprise-wide information

+ data-rich streams such as images and video feeds

+ broadly deployed measurements and sensors

o Where is the problem? Modeling
What relationships exist? Ad-Hoc Statistical Analysis ey

° g Y Traditional

o Why did it occur? Six Sigma

o What is about to happen? Real Time Analytics

o What is the best action to take? Learning Leader ”Big”

0 How can analytical view be improved? Enterprise

» Enterprise and Systems Analysis
» When other analytics methods have reached diminishing returns

Energy Data Management Celanese Corporation



Strategies in Energy Data Management 9 Celanese

The chemistry inside innovation”

» We have a lot of data
» Tools and Analysis Uses the Data to get Results
» Hierarchy To Fit Need And Value Add

» Foundational — Blocking and Tackling Advanced

Dashboards
Regression and Modeling

— KPIs and Energy Balance

» Basic — More Sophisticated Analysis
Energy Curves

— Six Sigma, Pinch, Entitlement and Process Control " Basic
» Advanced — Complex Interactions
— Modeling, Dashboards, MPC

» Leader — Predictive

Six Sigma - Optimization
Pinch Analysis and Heat integration
Entitlement Analysis

Process Control

— Enterprise / Multi-System

Energy Data Management Celanese Corporation
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The chemistry inside innovation”
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Global Energy and Productivity Leader
david.reid@celanese.com
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’) Celanese

The chemistry inside innovation™

Disclaimer

This publication was printed in August 2018 based on Celanese’s present state of knowledge, and Celanese undertakes no
obligation to update it. Because conditions of product use are outside Celanese’s control, Celanese makes no warranties,
express or implied, and assumes no liability in connection with any use of this information. Nothing herein is intended as a
license to operate under or a recommendation to infringe any patents.

Copyright © 2018 Celanese or its affiliates.
All rights reserved.

Energy Data Management Celanese Corporation



Contact Info

= Mark Campbell
MCampbell@mgmresorts.com

= Adam Jacobs
adam.jacobs@boston.gov

= David Reid
david.reid@celanese.com

= Adam Guzzo
Adam.Guzzo@EE.Doe.Gov

45
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