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Better Buildings, Better Plants

= What is Better Plants? A voluntary, public-
private partnership program for
manufacturers and industrial organizations

Better
Plants’

U.S. DEPARTMENT OF ENERGY

= Through Better Plants:

= Partners set long-term efficiency goals

= Receive technical assistance, networking
platforms and national recognition

= Manufacturers have two opportunities to
engage in Better Plants: ‘

1. Broader-based Program level

2. Higher-level Challenge

Better U.S. DEPARTMENT OF
CEtiidings ENERGY



Better Plants Overview

Energy savings and program footprint continue to grow

Regional Distribution of Better Plants Facilities
L |

Better Plants Snapshot

Accomplishments Total <10 1043 509 =100
Number of Partners 202

Approximate Number of Plants 3,000

Percent of U.S. Manufacturing Ener,

Footprint & &Y 12%

Reported Savings

Cumulative Energy Savings (TBtu) 1,056

Cumulative Cost Savings (Billions) S5.3

Cumulative Avoided CO, Emissions (Million 36
Metric Ton)

Average Annual Energy Intensity Improvement
Ruce g gy y Imp 3.2%

52 goal achievers total, 9 this year!

Bet‘ter U.S. DEPARTMENT OF
B ENERGY



Better Plants Challenge Partners
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Why Partner with Better Plants?

Technical Assistance

« Technical Account Manager: navigate program
and access resources

* In-Plant Trainings: expert instructors come to your
plant

« Resources: Diagnostic & Software Tools/Industrial
Assessment Centers/CHP TAPs/Water Savings
Tools/Connection to National Labs

Supply Chain Engagement: resources to
advance supplier energy efficiency

National Recognition
 Awards for Goal Achievers

Cummins' green initiative takes root

Nov 5, 2014, 12:26pm EST

- Better Project/Better Practice Awards = voin f oW

Email | Twitter | Google+

Peer-to-Peer Networking Opportunities &EEE

The U.S. Department of Energy is

recognizing the Cummins Inc. Jamestown

. Better engine plant as a showcase project for its
. " - 3 Better Buildings Better Plants Challenge
@ Buildings

According to the Department of Eneray's




Technical Assistance: Diagnostic Equipment

Program

Field data is best for evaluating system performance

* Free of charge, including shipping

 Use equipment for one day, or up to four weeks
 Some technical assistance with selection and usage
* First come, first serve application

Bet‘ter U.S. DEPARTMENT OF
CEtiidings ENERGY



Advanced Technology Partnerships

Better Plants hosts events at National Laboratories to:

Tour world-Class Facilities
VieWw Demonstrations of innovative technologies
Hear from experts and Industry peers

Learn about research partnerships

Network with BP partners and researchers

Pacific Fermi Lab National
Northwest Energy
Argonne Technology
Lab
Idaho
ﬂes_l Brookhaven
Lawrence . Kansas 1
Berkeley City Princeton
Plant | o)
Stanford R = o Thomas
9 2 . ’ v Jefferson _ : ;
X ] - Y12 =gy y Advanced
Lawrence 4 7 : L EX i o ; _Manufacturing
Livermore 3 .
414 Wi : Oak Ridge
Nevada y e.apons i g
NSS Science 5 ’
Sandia avanna
Cleanu -
National A | Energyp River
Renewable Los Alamos
.‘BEt Energy Lab
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Treasure Hunt Toolkit

(Op»xma(e» (e

vent Follow-up
Agenda - Template - Kick off Presentation - Event Certificate - Template
Pre-event Data Collection Form - Handouts - Evaluation Form - Template
Plant Energy Profiler (PEPEX) Tool - Energy Efficiency Calculators - Project Implementation Tracker
- Opportunity Sheet and Summary
Report Generator
Key Aspects:

= Empower and enable plant personnel

= Focus on low-cost/no-cost
opportunities

= Observing the idle facility

= Facility employees conduct and have 3
ownership of the ideas / opportunities

! %ﬁﬁtg{ngs https://betterbuildingssolutioncenter.energy.gov/energy-treasure-hunt-exchange-toolkit EﬁpAERTﬁ&Y



DOE Software Tools

www.energy.gov/eere/amo/software-tools

Better U.S. DEPARTMENT OF
CEtiidings ENERGY



Overview: Current DOE Software Tools

a ™ D

Energy Management & Performance Tracking Energy Systems
[ ) Analysis

50001 Ready Energy Footprint Y

Navigator Tool /~ Motors )
> < « Pumps

Automated (" EnPland EnPI Lite ) e Fans

Register of Tools .

Implemented — — < * Compressed Air
1 orporate cnergy
b Actions / Performance * Steam
f N Tracking for Better + Process Heating
PEP (Plant Energy | Plants partnership |
Profiler) — < * Data Centers
acility Energy )
> > Performance * ?:H{lplle
( ) Tracking fi alculators
PWP (Plant Water iy
: Slypaian By Treasure Hunt
Profiler) Performance
N )\ v, \ Toolkit -/
Bett donle us oeearmewt
zB..ui.l s www.energy.gov/eere/amo/software-tools ENERGY



Overview — DOE Software Tool History

Process Heating Assessment and Survey Tool (PHAST)

Technology and Vendor Agnostic tools i i
to identify, quantify and validate energy '
saving opportunities

* Most DOE software tools were
developed in the '90°’s
* Operating Systems updated...DOE did not!
 Many no longer work with current operating
systems
 Qiriginal tools were developed with
industry experts

* Highly valued by the manufacturing
community — including end-users, trade
associations, utility programs, etc.

« Foundational tools to support other DOE
activities
« Energy Saving Assessments (ESAs)
« Better Plants In-Plant Trainings

* |ndustrial Assessment Centers
e (Case Studies & Fact Sheets




Software Changes, Systems Don't

High-level Plant Energy & Savings Profile

Process Heating/ Typical Energy
Steam Systems  * Consumption Rates
60 — 80%

Electric Motor

Systems .
] Pumping
8-15% Systems
) Compressed
7-15% Air Systems *
pro Other
7% <2%
I

* Other ancillary energy
usages such as lighting
represent less than 2% of

energy consumption
5% to 10% 10% to 20% 10% to 20% 5% to 10%
! < Potential Energy Saving Opportunities >
Fé-e-{-t-é-r-----------------------------------------------------------------------------------------------------------T.L-S-.EEI;A-RTH-AIENTOF

QBuildings ENERGY



MEASUR Software Tools

= Modernize to Open-Source
Software!
= DOE will own and control code
= Upgrading tool capabilities where

feasible

= Ex: Auto-Update capability (silent
updates)

= Government-wide Open-Source
Software - nttps:/qithub.com/ORNL-AMO

= UT-Battelle Permissive License —
‘Do whatever, but please provide
attribution”

= Desktop (Windows, Mac & Linux) &
Web/Mobile

= Provide industry with
technology/vendor agnostic
analysis and evaluation tools

ENERG

Energy Efficiency &
Renewable Energy

Add Assessment

Home

8 All Assessments

|| ® Example Pump

% Example Fumace

|| & New Assessment =9

All Calculators
Motors
Pumps.
Process Heating
Compressed Air
General

Settings

Tutorials

| Aout
| Contact

Acknowledgments

v0.2 7-beta @

() MEASUR

Welcome to the most efficient way to manage and optimize your plant's systems and equipment.

Create an assessment to model your system and find opportunities for efficiency o run calculations from one of our many property and

¢ N

Get started with one of the following options.
Create Assessment Properties & Equipment Calculators

Model a system and explore multiple optimization scenarios. Generate detailed properi testa variety o

adjustm
Create Pump Assessment & Motors
formerly DOE Pumping System
Assessment Tool (PSAT) & Pumps

Create Process Heating
® | ssessment
formerly DOE Process Heating

£ Process Heating

& Compressed Air

Example Pump X Back To Home

System Setup  Assessment Diagram  Report ~Sankey ~Calculators

M Better
QBuildings’

Last modifed: dr

Example Pump
2 Lastmodifed: an 22, 2018

Example Pump

Result Data

Report Graphs ~ Sankey

Example Pump Print
Last Modifed Jun 22, 2018, 0217 PM
ResultData | ReportGraphs  Sankey Input Summary | Faciity Info
Baseline Modifcation 2 Change Pump type
+ + + +
PeceniSaings (%) —— f f
= 8% 70% 61% . 26%

Pump aficency (%) c04 s 04 04 &7
e ey 200 100 20 200 100
()
Moto shaft power 1012 1) 29 85 s19
(o= 1012 = 29 85 aig
()
Motoreffciency (%) ) o1 01 21 %1
Motor power factor

57 3 ) 401 &2
)
Metorcurent 1271 103 n 3 108
(amps)
Motor power (k) ® 76 2 32 77

X Back To Home
Print
m

Input Summary  Faclity Info

Baseline v

Modifcation 2 B

iotor Loss 564% Usetul Output 82.48% Motor Loss: 492% l

Pump Loss: 18.48%

OF
Orve Lossos b




Integrated Energy Software - MEASUR

U.S. DEPARTMENT OF

e MEASUR

Renewable Energy

Add Assessment

Home

Welcome to the most efficient way to manage and optimize your plant's systems and equipment.

Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment calculators.
Get started with one of the following options.

I All Assessments

b New Assessment ( w |

BB Examples \/ \/
%= Reheat Fumace Case Study

-b Example Pump Create Assessment Properties & Equipment Calculators
Model a sysiem and explore multiple optimization scenarios Generate detailed properties and test a variety of adjustments.
@ Fan Example
Create Pump Assessment [ Motors
':\I“ tC-aIculators | formerly DOE Pumping System Assessment Tool
Viotors
) PSA Pumps
Pumps =/ (ESAl) ke E
Fans & F
Process Heating Create Process Heating Assessment ans,
Steam 0 | formerly DOE Process Heating Assessment and & Process Heatin
Compressed Air Survey Tool (PHAST) 9
General
B Steam
Settings Create Fan Assessment
Custom Materials formerly DOE Fan System Assessment Tool @ Compressed Air
Tutorials (FSAT)
About [ General
Contact

Acknowledgments

3 View All Your Assessments
v0 3. 0-beta @

U.S. DEPARTMENT OF Energy Eﬁlclency &

EN ERGY Renewable Energy

= All system level software tools will be available to through one platform
» |ncludes system modelers and individual calculators for field validation
* Includes built-in guides and tutorials Y

0‘|

1 1A

e



Using MEASUR

Process Heating
estimation

anavlsm

Steam
Mac

&
/
E
=
%
e

IIII|0W3

MEASiIIiE?Ei'r.T

hHMI ‘§
%\ ﬁmr

Graphs
o

MotorMaster pportunities:

-Bet'ter
@ Buildings’
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Getting Started
@ ENERGY (™ MEASUR

Energy Efficiency &
Renewable Energy

Welcome to the most efficient way to manage and optimize your plant's systems and equipment.
Add Assessment

Create an assessment to model your system and find opportunities for efficiency or run calculations from one of our many property and equipment calculators

( \)

Create Assessment Properties & Equipment Calculators

| a system and explore multiple optimization scenarios. >enerate detailed properties and test a

pe
Create Pump Assessment & Motors
formerly DOE Pumping System Assessment Tool (PSAT)
J

8 Pumps

Home Get started with one of the following options.
B All As
I Examples
Im Extra case studies

All Calculators «
Motors

Pumps
Fans

f adjustments

Process Heating

Create Process Heating Assessment i Fans

0 formerly DOE Process Heating Assessment and Survey Tool
(PHAST)

8 Process Heating

@ Steam

Create Fan Assessment
formerly DOE Fan System Assessment Tool (FSAT) B Compressed Air

Acknowledgments

v0.3.0-beta @

& General

[ View All Your Assessments

U.S. DEPARTMENT OF Energy EfflCleﬂCy &

ENERGY Renewable Energy

=P Start an assessment

=» \/iew Assessment Dashboard

= Jse Properties & Equipment Calculators

= Change Settings, view tutorials, manage custom materials

Better U.S. DEPARTMENT OF
QEliidings ENERGY



Assessments Dashboard

View all your assessments in a folder-based organization

U.S. DEPARTMENT OF
EN ERGY 8 / All Assessments / Extra case studies = .

. Add Assessment | Add Pre-Assessment | Add Folder Import Select all folder content
Energy Efficiency & \ h elect all folder conten

Renewable Energy EXTRA CASE STUDIES INFO
Company  ORNL Facility ~ ORNL Date  8/1412018

Add Assessment View Details  Edi Info
EXTRA CASE STUDIES SUMMARY EXTRA CASE STUDIES SETTINGS
Home Type Assessments  Annual Energy Used Annual Energy Cost h q Units of Measure Imperial
Pumps 3 6.508.68 kWh §373614.00 Fuel Cost $3.99 MMBtu
B All Assassmants Process Heating 3 3,472,440 MMBw $35678,552.74 Steam Cost $4.69 MMBtu
W Examples Fans 2 15,659.6 kWh $939.573.03 Electricity Cost $0.07 K
8

I8 Extra case studies Total 3,472,510 MMBtu §36,991,739.76 E

FURNACES ﬂ FANS - @& PUMPS n
Number of Fumnaces 3 2 Number of Pumps 3
Annual Energy Used 548 54 MMBtu Annual Energy Used 6.31 MMBtu Annual Energy Used 2.57 MMBtu
m Annual Energy Cost $4.336 47 Annual Energy Cost $122.10 Annual Energy Cost $49.70

mpressed

ral

Show / Edit Show / Edit

Settings
ustom Mate
Tutorials

Ackne w —
% ELECTRIC ARC FURNACE [~ & PUSHER FURNACE B % REHEAT FURNACE [~
v0.3.0-beta @
Fumace Type: Electric Arc Fumace (EAF) Fumace Type: Fumace Type:
Baseline Data: Baseline Data: Baseline Data:
Annual Energy Use 376,802,931 kWh Annual Energy Use 74,450 MMBIu Annual Energy Use 2,115,701 MMB
Annual Energy Costs $24802.993 Annual Energy Costs $297,056 Annual Energy Costs $10578,503
Modification Data: Modification Data: Modification Data:
Number of Modifications: 3 Number of Modifications: 4 Number of Modifications: 5
Max Energy Savings 20,985,174 kiWh Max Energy Savings 31,415 MMBt Max Energy Savings 396,998 MMBIu
Max Cost Savings $1,385.022 Max Cost Savings $125348 Max Cost Savings $1.984.992

= Move, copy, import and export assessments
= Add/view facility information and folder-wide settings
= Make pre-assessment screenings
FBundmg} Generate rollup reports of several assessments :NERGY




Starting an Assessment

Create New Assessment

e Choose a unique name for the folder
e Set Equipment type (Pump, Fan, Process Heater)

e Choose folder location

e Or make a new folder
Bette _S. DEPARTMENT OF

QB _ INERGY




System Setup

Start with current equipment and operations - baseline

~—— Reheat Furnace Case Study

~—= Fuel-fired System Setup Assessment Diag

n Design Energy Use :

D Assessment settings  ([EJ) Heat Balance

) ~ux Equipment

REHEAT FURNACE CASE STUDY SETTINGS

Language
Currency

Units of Measure

Energy Result Unit

Select Energy Source Type

English

$ - US Dollar

® Imperial
Metric

Millions British Thermal Units (MMBtu)

Fuel-fired
Electrotechnology

Fan Example
Last modified: Aug 28, 2018

n Assessment Settings a Fluid
MOTOR
Line Frequency

Rated Motor Power
Motor RPM

a Fan

60 Hz

600 hp

System Setup Assessment Diagram Report Sankey Calculators |= ‘ ﬂ‘

. Motor

n Field Data

HELP

Motor Help
Enter measured data to calculate your system's annual savings potential.

Steam-based e o Motor RPM
iciency Class ergy Efficient v otor RPM is the namepiate speed of the motc
Common Result Unit Millions British Thermal Units (MMBtu) RatedVolage - peict REMS ihe fafiepteie speed of e factor
Commoen Fuel Unit Millions British Thermal Units (MMBtu) Full-Load Amps 683 25
o f Estimate Ful-Load Anps
Common Electricity Unit Kilowatt-hours (KWh) mate Full-Loat
Common Steam Unit Millions British Thermal Units (MMBtu)
Standard and Energy Efficienct Motors
EQUIFMENT NOTES Motor Size Minimum Maximum
Add additional information for your equipment 60z 540 m 3500 rom
50Hz 450 rpm 3000 pm
Premium Efficient Motors
Motor Size Minimum ‘Maximum
60Hz 1080 rpm 3600 rpm
OFPERATING CONDITIONS AT TIME OF ASSESSMENT e E B

The furnace was running at the full load capacity during the PH assessment

e Assessment Settings: Set units and basic assessment
settings
e Assessment Specific Tabs
e Data Entry for baseline assessment

e Intermediate Results
e Help text for each data entry field

U.S. DEPARTMENT OF

QEahian ENERGY

QBuildings



Assessments

Explore energy savings opportunities

Basic Pump Example

.
= Last modified:

Explore Opportunities Madify All Condit

Novice View Expert View

System Setup Assessment Diagram Report Sankey Calculalors

ions

SELECT POTENTIAL ADJUST

MENT PROJECTS

RESULTS

Optimize Pump & Motor Combo e Eqperi

Selected Scenario

~— Reheat Fumace Case Study

-~ Fu

Explore Opportunities Modify

All Conditions

Select potential adjustment projects to explore opportunities to increase efficiency and the effectiveness of your system.

Add New Scenario

Modification Name

Optimize Pump & Motor Combo

Install VFD

Percent Savings (%)

Install More Efficient Drive Type

# Install More Efficient Pump

Pump efficiency (%)

Baseline Pump Type
Modification Pump Type
Modification Pump Efficiency

pump has been calcula

ficiency” to use th

¥ Reduce System Flow Rate

End Suction ANSI/AP|

End Suction ANSIAPI
87.52%

- Motor rated power (hp)
Motor shaft power (hp)
Pump shaft power (hp)
Motor efficiency (%)
Motor power factor (%)
Load factor (%)
Drive efficiency (%)

Motor current (amps)

Motor power (kW)
Annual Energy (MWh)
Annual Energy Savings (MWh)
Annual Cost

Baseline Flow Rate 2500

Modification Flow Rate 2499.99
¥ Reduce System Head Requirement

Baseline Head 137

Modification Head 137.01

Calculate Head

Adjust Operational Data

Annual Savings

* Install More Efficient Motor

Baseline Eficiency Class

Modification Efficiency Class

Standard Efficiency

Premium Eficient

SANKEY

Baseline

818
150
110.4
105.9
934
85
74
95.9
1303
882
778

$50,998

N 9% Density

Oparations @ Charge Materials @ Flue Gas©® Fixture Wall©® Cooling ®

Atmosphera Opening © Leakage @ Extended Surface  Other

HELP
BASELINE
Optimize Pump & Motor
Combo o33 &1

Cooling Medium Waler
Name of Cocling Medium
Average Specific Heat 1

Liquid Flow
Inict Temperature
875
150
1032 Correction Factor 1

Oulie! Temperature 91

%64 Loss #1 Total

120.2

$45,203
$4,795

24.1835 MMBtumr

ALL OPPORTUNITI

ing Medwm

Cooling Modium

cInC He:

Liquid Flow

nlet Temperature
nlct tempera
Ounet Temperature

temperan

Correction F

Loss #1 Total

1,171.93 MMBtu/hr

Cooling Total

Explore Opportunities: build scenarios from pre-
established energy savings measures

Modify All Conditions: build scenarios using same

as baseline

-1.171.93 MMBw/hr

forms

FBetter
& Buildings

PP

= Badges and field highlighting for visual cues

U.S. DEPARTMENT OF
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Reports

View side-by-side comparison of all scenarios and
graphs for data visualization

xamples

Fan Example Print

Las f ) 28, 2018, 2:13:46 PM

Result Data Report Graphs ~ Sankey Input Summary  Facility Info

Baseline Reduce Pressure and Flow Optimize Motor Belt Drive Change Fan Type-Optimized

Percent Savings (%) ——
' 21% ' 16% - 3% 23%

& Y £y &
Fan Energy Index 01 01 01.2 01 013
Fan efficiency (%) 634 63 75.5 63 824
Motor rated power (hp) 600 600 600 600 600
Motor shaft power (hp) 5779 4547 4851 558.2 4448
Fan shaft power (hp) 5548 4365 465.7 xamples Print
Motor efficiency (%) %58 957 % Exgmple P“WF )
Motor power factor (%) 857 838 848
Motor current (amps) 6594 530.7 5576 ResutData ReportGraphs = Sankey  InputSummary  Faciity Info
Motor power (kW) 450 3544 3769 —_—
Annual Energy (MWh) 3,942 3,104 3,301
Annual Energy Savings o 238 641 Baseline N Improve Belt, Motor and Pump Eff
(MWh)
Annual Cost $236,520 §186,254 $198,083 Usetul Output 75.89% Motor Logs: 7.12% Useful Output 83.06% Motor Loss: 3.76%
Annual Savings - §50,266 §38,432

*Optimize

Drive Loss: 3.79%

Pump Loss: 13.19% "\ Pump Loss: 9.23%

I
‘ Better o Energy Input Motor Losses Drive Losses: Pump Losses Useful Cutput

B -
‘ Bu I I dlngs m Baseline m Improve Belt, Motor and Pump Eff
YL



Pumps

Basic Pump Example
Last modified:

System Sefup Assessment Diagram Report Sankey Calculators

Explore Opportunities Modify All Conditions Qptimize Pump & Motor Combo

Novice View Expert

Example Pump
Last modified: Aug 20, 2018

System Setup Assessment Diagram Report Sankey Calculators

SELECT POTENTIAL ADJUSTMENT PROJECTS L

Select potential adjustment projects to explore opportunities to increase efficiency and the effectiveness of your system

Examples
- Print
Add New Scenario Examp[e Pump
d Aug 20, 2018, 1
Modification Name Optimize Pump & Motor Combo
ResultData Repori Graphs  Sankey  Input Summary  Facility Info
Install VFD
Install More Efficient Drive Type Baseline Improve Belt, Motor and Pump Eff PSAT Optimization Adjust Fluid Temperature Opportunities Modification
¥ Install More Efficient Pump
Baseline Pump Type End Suction ANSI/API v Percent Savings (%) L
Modification Pump Type ENd Suction ANSIAPI v . 9% - 4% - 1 % . 8%,
! 87.52 %
Modification Pump Efficiency o N " " "
Known Efficiency
The efficiency of your pump has been calculated on your flow rate and selected pump type. Click Pump efficiency (%) 852 90 86.8 852 868
“Known Efficiency™ to use th calculated by your system p. Motor rated power (hp) 200 200 100 200 100
¥ Reduce System Flow Rate Motor shaft power (hp) 996 943 9738 985 938
Pump shaft power (hp) 955 90.4 938 945 93.8
Baseline Flow Rate 2500 Motor efficiency (%) 929 9%.2 954 528 955
Modification Flow Rate 2499.99 Motor power factor (%) 76.1 736 86,6 758 86.1
Ar P
Mot t 1265 1195 106.2 1255 1024
¥ Reduce System Head Requirement otor current (amps)
Motor power (kW) 80 731 765 792 733
Baseline Head 137 Annual Energy (MWh) 701 640 670 693 642
Modification Head 137.01 Annual Energy Savings _ §0.5 34 7.41 59.0
Galculate Head (MWh)
Annual Cost (S} $35,040 §32013 §33,484 $34,670 §32,089
Adjust Operational Data Annual Savings () = $3,027 $1,556 $370 §2,951
# Install More Efficient Motor Implementation Cost - - - - .
Payback Period (months) -

B

= Compute motor full load amps load current and
power factor, fluid head, and fan and motor
efficiency

= Explore the savings from changing pump and motor
efficiency (which can be optimized automatically),
flow and head, or even fluid temperature

Better U.S. DEPARTMENT OF

KB iaihos ENERGY



CALCULATE FLOW AND PRESSURES RESULTS
£ Retumn to Setup =
Use Static Pressure| Use Total Pressure ‘
INPUT PLANE DATA v Fan Example
a e P System Setup Assessment Diagram Report Sankey Calculators
Last modified: Aug 28, 2018
Inlet Pressure.
Outlet Pressure Explore Opportunities  Modify All Conditions Reduce Pressure and Flow e
e Novica V» Export View Seloctod Sconario
Iniet Ducting Flow Rate
I Fluid ® Fan® Motor ® Field Data ®
n GG FOED GELCKEE GO0 BASELINE REDUCE PRESSURE AND FLOW RESULTS HELP NOTES
B Plane# GasDensity Volume Flow = Gas Velocity  Stal — Reduce Pressure and
Iblscf ffmin ftimin Operating Fraction 1 Operating Fraction 1 S Flow
1 0.0209268 379,792 5,834.67 o] 0.06 Cost 0.06
Inlt Pressure 6% Inlet Pressure
2 0.0220295 361,787 954164 Esti re E ! Pressure
3a | 00208934 | 191147 587312 Oulet Pressure Outet Pressure = Percent Savings (%) =
Estimaln Oullel Prssure o Outt Pressure 21%
Wb 00209602 188,649 579635 i — E— Soa61 3
4 0.0209268 379,792 5,834.67 Cacuteie P Prec s -
imation M wer - ific H i 1
5 YR T T Load Estimation Method Power Specific Heat Ratio (v) : Fan Energy Index ] ot
a n a e a n a Motor Power 450 Compressibility Factor 0.988 Fan efficiency (%) 634 63
Measured Voliage 450 Motor rated power (hp) 600 600
e T = Motor shaft power (hp) 577.9 4547
Gl b/ O Optimize Pump and Mator combination for a Fixed Specific Speed Fan shaft power (hp) 5548 4365
INPUT PITOT TUBE DIFFERENTIAL PRESSURE READINGS [C"f““_’f?f‘b‘"‘y =y . e Size Margin o Motor efficiency (%) 95.8 957
Implementation Costs Maotor power factor (%) 857 838
TRAVERSE HOLES Motor current (amps) 6504 5307
. 1 2 3 4 5 6 7 8 9 10 Motor power (kW) 450 3544
S Iyloss2 foses Josss fosea foses fosor foses Jr1z  fr2sr fres LAruiL ] () oe i
gz Annual Energy Savings -
5 —
%ﬂ 2 o639 Josaz Jos3  Jos7  Josos Jors  Jooes fro1d J1246 159 (i
z Annual Cost $236,620 $186,254
3fosss Joasz fJoass fossr Joss1 Jovzs Josas fror7 f1323 |re2 Annual Savings. - $50,266
< Finish and Retum to Plane Data

= Compute motor full load amps, load current and
ower factor, pressure and flow from a traverse
analysis, and fan and motor efficiency

= Explore the savings from changing fan and motor
efficiency (which can be optimized automatically),
flow and pressure, or even fluid characteristics

dings’ ENEROUY



Process Heating

~—2 Electric Arc Furnace

~= Electric Arc Fumace (EAF)

Explore Opportunities

Novice View

Modify All Conditions
Expert View

Operations ® Charge Materials @

System Setup

Energy Input @ Fixture Wall® Cooling®@ Atmosphere Opening Leakage Extended Surface

= Reheat Furnace Case Study
~=» Fuel-fired

Explore Opportunities

Modify All Conditions

Novice View Expert View

SELECT POTENTIAL ADJUSTMENT PROJECTS

System Setup  Assessment

Diad

Diagram Report Sankey Calculators

Other @ Slag® Exhaust ¢

BASELINE

Loss #1
Natural Gas Heat Input
Calculate using flow rate
Ceal Carbon Injection
Coal Heating Value
Electrode Use
Electrode Heating Value
Other Fuels

Electricty Input

6.976

36329999
9000

2085
12000

0

z

REDUCE SLAG

RESUL

Loss #1
Natural Gas Heat Input
Calculate using flow rate
Coal Carbon Injection
Coal Heating Value
Electrode Use
Electrode Heating Value
Other Fuels

Electricty Input

6.976

3632.9999
9000
2065
12000

[

0

Energy Loss/Use

Charge Materi
Fixtures, trays
‘Wall Losses

Cooling Losse
Atmosphere L
Opening Loss
Leakage Loss/
Extended Surf
Slag Losses

Other Losses

Chemical Heat Delivered
Electrical Heat Delivered

Energy Input Total

18,889.4 kW
24,128.4 kW
43,017.7 kW

Chemical Heat Delivered
Electrical Heat Delivered
Energy Input Total

18,889.4 kW
23,446.0 kW
42,335.4 kW

Total Net Heat
Exothermic He
Exhaust Gas |
Chemical Ene
Gross Heat Ir

Select potential adjustment projects to explore opportunities to increase efficiency and the effectiveness of your system.

New Scenario

Modification Name

[Individual Opportunity 4 - Reduce O2 level in flue gases

¥ Maintain Optimum Air/Fuel Ratio or Recommended O Level in Flue Gas

Baseline Oxygen Calculation Method Oxygen in Flue Gas

Modified Oxygen Calculation Method Oxygen in Flue Gas
Baseline Oxygen in Flue Gas 6

Modified Oxygen in Flue Gas 2

Baseline Excess Air in Flue Gas

Modified Oxygen in Flue Gas

Preheat Combustion Air

36.52 %
09.90 %

Preheat Charge Material

Control and Optimize Furnace Pressure

Add / Improve Wall Insulation

Minimize Opening Size or install tunnel-like extensions

Install curtains or radiation shields to reduce opening losses

Minimize the Time Furnace Doors are Open

Optimize or Improve Furnace Cooling System

Adjust Operational Data

= Calculate heat losses from several heater components

= Explore the savings from reducing flue gas oxygen or
temperature, preheating air or charge materials,
controlling furnace pressure, closing openings, etc.
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ouENERbY Motors Calculators

Energy Efficiency &

Renewable Energy NEMA Energy Efficiency
The predicted efficiency of an induction motor from NEMA MG1, based on size.

rotating speed and efficiency class

Home

Motor Performance

W All Assessments Plots current, efficiency, power factor vs motor shaft load for a given motor description

I Examples
Reheat Furnace

. + n n * Case Study
a a O e '9 Example Pump o
Percent Load Estimation

@ Fan Example m
N Calculates Percent Load Estimation
B Case Studies

—_—

&= Electric Arc
Furnace
%= Pusher Fumace 'y Motor Drive

- )
%= Reheat Fumace /rJ L™ The Motor Drive Calculator compares the annual energy cost of three motor drives: V-
b Coal Dryer belt drive, Notched V-Belt drive, and Synchronous Belt Drive. Synchronous belts are

= Motors g rors

b Cooling Pump 1

the most efficient, however cost analysis and application should be considered

A
P
5 Replace Existing Motor
® Cooling Pump 2 .
4 Calculate the energy savings, cost savings, and payback period for replacing an
N
—_—

. P l | I I l S b Process Pump 1 existing motor with a higher efficiency motor.
#= IR fumace

All Calculators
Motors

= Fans Pures

Process Heating
Steam
Compressed Air

* Process Heating

Settings
Custom Materials

Tulorials Pump Calculators

= Steam
= Compressed Air
= Lighting

= General

[ ]
Pump Curve
Use pump curve calculator to develop a pump curve and explore the effects of

Replace vs Rewind
Compare the cost and energy expenditure of rewinding a failed motor versus replacing
it with a new energy-efficient model

Head Tool
Use head tool calculator to calculate pump head

System Curve
Use system curve to graph your pumps flow.

Specific Speed

This calculator determines the optimal specific speed for a pump at the given
conditions and calculates the amount of efficiency penalty to be deducted from the
maximum value due to operation away from the optimal specific speed

Pump Efficiency Curves
Determine the achievable pump efficiency for various pump styles which are based on
the Hydraulic Institute (HI) standard ANSI/HI 1.3-2000

changes in head, flow, pump speed and impeller diameter

F Be!.‘te! oot | Energy Effcioncy &
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Example Calculators

120
10 Current: 28.04% FLC Power Factor: 13.76% Efficiency: 66.77%
Benefits / Cost $00.20
Simple Payback Period 60 months 100 Motor Shaft Load: 3% o
5000 90 /
4000 80
70
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g 400
2000
50
toee 40
_ 0
s 30 ~ 300
. 20 g
e 10 ®
Q
-3000 0 I 200
4000 S e & & ¢ e & L& & & & J
5000
100
-8000
e Year
[ 2 4 s [ 0
m Salvage m Fuel Cost m Energy Savings m Operation Cost m Installation Cost 0
m Disposal Cost
)
§ §
Flow (gpm)

80
g 40
= =10 AEER Energy Cost Energy Use [RSyE6 &S
&
3
€ Reheat: 63.41% EAF: 23.56% | Reheat: 33.98% EAF: 59.04%
[}
g
0

Pusher. 13.03% Pusher: 6.98%

b 4 ® &

&
]

02 in Air (%)
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Results and Accomplishments

= Community Engagement: Key Point —
want to engage end users!

= Tool Development Schedule

= Systems completed:
= Process Heat (PHAST)
= Pumps (PSAT)
= Fans (FSAT)
= Under Development:
» Steam (SSMT/SSAT) — Jan 2019
= Compressed Air (AirMaster+) — May 2019
= Motors (MotorMaster+) — May 2019

= www.enerqy.qgov/eere/amo/measur

= Ongoing Feedback link -
https://www.surveymonkey.com/r/DOE-AMO-
TOOLS

Energy

ENERG

Y

Efficiency &

Renewable Energy

Add Assessment

Home

8 All Assessments
|| ® Example Pump

% Example Fumace

|| & New Assessment =9

All Caleulators

Motors
Pumps.

Process Heating
Compressed Air

General

Settings

Tutorials

| Aout
| Contact

Acknowledgments
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Example Pump

2 Lastmodtied wn 22, 2018
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Percent Savings (%)

Pump effciency (%)
Motor rated power
()

Motor shaft power
(hp)

Pump shaft power
(hp)

Motor ffciency (%)
Motor power factor
%)

Motor current
(amps)

Motor power (kW)

ResultData  Report Graphs

Model a system and

®
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Example Pump

Last Modified Jun 22, 201,

Baseline

04
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1012
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() MEASUR

Welcome to the most efficient way to manage and optimize your plant's systems and equipment.

¢

Create an assessment to model your system and find opportunities for efficiency o run calculations from one of our many property and
equipment calculators
Get started with one of the following options.

Create Assessment

lore muttple optimization scenarios

Create Pump Assessment
formerly DOE Pumping System
Assessment Tool (PSAT)

Create Process
Assessment

Sankey | Input Summary

Wodifcation 2

=~ 8%

formerly DOE Process Heating

Heating

Facilly Info

M)

Properties & Equipment Calculators
Generate detailed properties and test  varity o
adjustm

& Motors
& Pumps
£ Process Heating
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* Back To Home

Print
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Example Pump
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Usetul Output 75.88%

Motor Loss: 5.64%
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Transition (beyond DOE)

What will this effort help enable going forward?

= Open-Source Library Suite - https://github.com/ORNL-AMO
= Greater transparency
= Future-proofing

= New algorithms can be added to characterize other plant processes and
equipment
= Equipment providers can develop equipment specific databases that
interface with the tool
= Library can be used to effectively test real-world equipment
performance versus theoretic capabilities

= Leverage sensors for real-time data collection, monitoring and
optimization
= |everage the Internet of Things devices coming online within manufacturing
= Enable real-time system analysis and optimization

= Possibilities for exploring machine learning algorithms for system
optimization
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Questions &

Discussion?

Thomas Wenning, PE
wenningtj@ornl.gov
https://energyefficiency.ornl.gov/




