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Benefits of energy data analytics

 How energy Iis purchased and consumed

« What is causing changes in energy use over time

« What factors drive energy use

« How does current use compare to normalized baselinesj

~
* Increase profit
* Reduce carbon footprint

IR . Reduce risk

Efficiency Y,
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What’s needed?

Method to:

* Gather latest data — potentially many different sources
* Store the data — potentially many sites and variables

* Analyze the data

* Provide access to results — static and interactive

Goal: Streamline this process as much as possible:
Reduce effort spent on maintaining the measures

Increase time spent improving efficiency
Reduce potential for human error
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Potential tools for corporate data analysis

/‘

* Energy Performance Indicator

» Regression analysis based tool developed by the
U.S. Department of Energy
= Capabillities
« Store energy use and other related variables
Establish a normalized baseline of energy consumption

Track annual progress of intensity improvements, energy
savings, Superior Energy Performance (SEP) EnPls, and
other EnPls

Account for variations due to weather, production, etc.

Can be applied at many different types of facilities

» | argely based on EnPl methodology

» Chose to use a custom set of tools due to challenges
presented by two large, integrated chemical plants

EASTMAN <
approach
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Gathering data

—————

Procurement
Data

Weather
Conditions

Production
Rates &
Other
Variables

Utility Use
(submeter
data)

# Sites|

Obtaining and storing this
information for many sites over
time increases complexity
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Gathering data

EASTMAN
approach

~ . .
Data entered in site/area-specific Excel spreadsheets
(these can be rolled-up to a corporate level)

<

Energy Data Site #1 EnPI xH
) Site #2 EnP| * Bgg Corp. EnPI *§
Weather Data Site #3 EnPI x§

/‘
= All corporate energy data is stored in SQL Server tables

" R (www.r-project.org) iS one of the tools used to help
automate the data collection process

-

Energy Data Corporate

Production Data Energy

Weather Data Database

-
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Analyzing data

Normalization helps filter out expected changes in energy

use due to changes in operating conditions

" Develop models that normalize energy use to account for
variation in conditions

" |Include variables such as production and temperature if
they are statistically significant

" Select a model for each plant / area
" Normalize raw energy data using the models
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Analyzing data

EASTMAN
approach

<

(m Site-specific models are developed within each Excel
file to calculate normalized energy use

" Models considered appropriate if SEP (Superior
Energy Performance) criteria is met

* The model p-value is less than 0.10

* All variable p-values are less than 0.20

* At least one variable p-value is less than 0.10

* The R-squared value for the model is greater than 0.50

B Default selection in EnPI i1s based on the model with
. the highest adjusted R2

" Eastman uses R scripts to analyze data and store
calculated results

Alternatives to R: Matlab,

_ Python, SAS, Julia, etc.
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Sharing results

® Once analysis is complete, the results can be
summarized and made available to others

" The results should be made available to all energy users

* Energy users better understand their impact
Benefits « Opportunity for engagement at different levels
« More visibility tends to attract better ideas
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Sharing results

( Summary tables and charts show results including:
* Actual energy use over time

°* Normalized energy use over time

* Normalized improvement over time

" Computed for both site and corporate levels

-

~ : . .
Tableau is the primary tool used to view results

" Interactive dashboards ?
" Connects directly to SQL data $61 server
EASTMAN = Ability to create calculated fields [ ]
approach < +
" Connects to R for advanced, on-the-fly 4 +ableaw
statistical calculations [}
" Short learning curve enables users to @

_ quickly explore their data
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Sharing results

" Visualization tools make it much easier to dive into large data sets
" Designed to be interactive - select points, date ranges, areas, etc.
" Available to all employees (with permission) through web browser
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Filtering

Filters allow the users to
quickly customize the
Information

One dashboard with
current information can
replace many static
reports

Once filtered, users can

* Save custom views

* Share custom views with
others

* Set a view as the default
Filters may also be

Included as part of a web
link to the visualization
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View subscriptions

[li] Original View [~ Substribe

Schedule

" Users may set up regular

reports to any views of interest [Dally 10 AV "]
Subject Line

" User selects frequency Supply Side Energy |

(e.g. every day, weekdays, monthly, etc.)

" Email will contain snapshot of
the current visualization

® Clicking on the snapshot will
open the interactive web
dashboard
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Mappin
p p g How are we doing around the world?

" Summarize by location — [EEEEE e

" Size and color can help  [=" o Tt
convey information Co— .us, |
= Level of detail controlled e g&° o
by filters and parameters = — = *~ . :
" Interactive capability | = =
* Hover over map items to Enery ety i o Beein. 2 of nuary, 5678 ingAdsod i mocet

see information and
energy data

* Select any location on
the map to filter results
shown in other graphs
and tables on the
dashboard
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Investigation

How does X impact Y?

Energy Intensity (MMBtu/kkg) vs. Temperature ergy Intensity (MMBtu/kkg) over Time for All Included Levels

lected

Primary Variable

Sel
Energy Intensity (MMBtu/kkg)
H

45 50
le - Secondary Agg

" Select any variables and date range to quickly evaluate relationships
" Example shows energy intensity versus temperature for one area
" Can lead to opportunity (e.g. can insulation be improved?)
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Quick scan

" |dentify results that
need to be scanned
routinely

® Use colors to quickly
scan entire dataset for
potential issues
" Drill-down capability
* Highlight specific areas

or date ranges in this
chart

* Review detailed

Information for the
selection in linked
tables or charts

Where do | need to focus?

Raw Data
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Enable more detall

Apply the same approach at a more detailed level
®  Separate energy use by utility
" |nclude sub-meter data to enable drill-down capability

Month of Month

Utility Percent of Total Daily Energy - Percent Cha.. Daily Production - Percent.. Energy Intensity - Improve.. Energy Intensity l;f:maw Level
o 2.29% 15.25% 11.25% 4.89 MMBtu/kkg "
edlu_m Pres.surefleam
'RA‘E’S{LV/JE"‘&”“ Scatterplot - Comparison Secondary Level
Department
Primary

Multiple values

Secondary
Multiple values

Utility

Compressed Air
Demineralized Water
Electric Power
Filtered Water

High Pressure Steam
Intensity Imp:16.4%
MMBtu/day

Electric Power
Intensity Imp:11.5%
MMBtu/day

Sec. Process
Air

High Pressure Steam
Inert Gas

D Low Pressure Steam
Medium Pressure Steam
Nitrogen

Refrigeration

River Water
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Sharing results

" Tables and views in SQL server act as a central store of
all energy information

® Can be connected directly to other programs

R
Excel
Access
? —  JMP
SQL Server Minitab
Matlab

Etc.

—

" Examples of other applications

 Utility impact in product life cycle assessments
 Utility optimization models
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Summary

Data analytics are a vital part of an energy
management program

Strive to make the process from data
collection to reporting as streamlined as
possible

EnPl is a flexible option that’s ready to go

Eastman uses a combination of SQL
Server, R, and Tableau to analyze
corporate-level energy data and drive
Improvement
* Scalable storage to maintain all corporate
energy data in one place

* Interactive dashboards enable users
to do their own ad-hoc analysis

* Many users may have simultaneous
access to the data
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