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Outline

e Advanced Manufacturing Office Programs
Technology Deployment Activities
— Industrial Assessment Centers

— Better Plants Program (1SO 50001) — Superior Energy
Performance Program

— Clean Energy Application Centers

Overview of BestPractices Tools
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Beginning in 1984 with four Schools

. Industrial Assessment Centers 2012-2016

2
,1
2 :. e

.;.':’,-ft

\I E |
l \l\ I | I\___\‘Y__‘
)] @ THIG
BRADLEY Ul lL '}j\[ N ) LEHIGH
"(\r‘ 1\?11[ CKY' ® “ : VI [b
T &
Southeast — )
T NG STATE UNIVERSITY
MEMPHIS /j —T'] N
-_ Fleld Managers
RUTGERS
AR @ CAES
_;_.—.__-.fi.:.’.f-;;_'. y M T
ENERGY Miani
Qi i

Energy Efficiency &
Renewable Energy

Currently 24 Centers at 29 Universities
Nationwide

For more information on IAC program and participating
schools visit: http://iac.rutgers.edu/database/centers/

Center for Energy Efficiency
and Renewable Energy

wWww.ceere.org
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Industrial Assessment Center at the
University of Massachusetts

* Provides assistance to New England Industry
since 1984

 US DOE Funding allows the IAC Program to
provide no cost energy conservation, waste
prevention and productivity assistance to small
and medium sized industrial firms within S.1.C. 20
through 39

wWww.ceere.org
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and Renewable Energy

wWww.ceere.org

|AC Program Goals

e Reduce Industrial Energy Use
e Reduce waste and prevent
pollution in manufacturing operations
 Raise productivity
* Lower Operating Costs

L o7/
* Increase Profitability B
e e ¢ S22 I

* Provide Professional Training < o
for Students N -/
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Client Criteria

e Have Annual Energy Costs Less Than $ 2.5
Million

» Have Gross Sales Less Than $100 Million

« Have Less Than 500 Employees

e Have No In-house Energy Staff

e Be Within 150 Miles of Amherst, MA
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UMASS Clients 1984-2012

Over 700 plants visited since 1984
Over $12 billion in gross annual sales
$310 million in annual energy costs
Over 82,000 employees

Over 4,300 recommendations with $62,000 average
annual cost savings per assessment

51% Implementation Rate; 1.04 years payback period

$125,000 average savings per assessment in 2010-
2011
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IDENTIFYING EFFECTIVE
ENERGY SAVING OPTIONS

* Major energy users « Variable Frequency Drives

* Major pieces of * Energy-efficient Motors
equipment Consider CHP

* Motors ‘ « Energy Management Systems

» Bolilers and Furnaces  Steam Trap Replacement

« Compressors/Chillers High-efficiency Boiler

e Hot exhausts  Chiller Water Plant Operation

. Compressed air leaks » Process Heat Recovery

e Cooling Towers

Center for Energy Efficiency
and Renewable Energy

wWww.ceere.org
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TOP $3$ SAVERS

« Convert To VSD For Pumps & Blowers
« Process Heat Recovery

« Use High Efficiency Lamps & Ballasts
« Reduce Fluid Flows

« Change Electrical Rates

« Use Energy Efficient Equipment

« Consider Cogeneration

« Preheat Fluids With Waste Heat

* Insulate Equipment

« Switch From Electrical To Fossil Fuels

wWww.ceere.org
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Superior Energy Performance

o The SEP certification program provides facilities
with a pathway for continual energy efficiency
Improvements

e To earn SEP Certification facilities must:

— Conform to the ISO 50001 energy management system
standard

— Verify an improvement in energy performance using
the SEP Measurement and Verification Protocol for
Industry.

and Renewable Energy

wWww.ceere.org
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NORTHWEST

www.northwestcleanenergy.org

Dave Sjoding

PACIFIC

www,pacificcleanenergy.org
Tim Lipman

University of California, Berkeley
Tel: 510-642-4501
telipman@berkeley.edu

Vince McDonell

University of California, Irvine
Tel: 949-824-7302 x 121
medonell@apep.uci.edu

Patti Case
etc Group

Tel: 801-278-1927 x 3
Rob Thornton plcase@etcgrp.com
President

Tel: 508-366-9339
rob.idea@districtenergy.org

Thomas Broderick

Tel: 928-527-8036
tbroderick@swenergy.org

Katrina Pielli

Office of Energy Efficiency and
Renewable Energy

DOE Clean Energy
Application Centers:
Program Contacts

U.S. Department of Energy
Phone: 202-287-5850
E-mail: katrina. pielli@ee.doe.gov

Center for Energy Efficiency
and Renewable Energy

wWww.ceere.org
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Washington State University
Tel: 360-956-2004
sjodingd@ energy.wsu.edu

INTERMOUNTAIN

www.intermountaincleanenergy.org

Southwest Energy Efficiency Project

Clean Energy Application Centers

DOE Clean Energy Application Centers

MIDWEST
www.midwestcleanenergy.org
NORTHEAST

Jehn Cuttica
www.northeastcleanenergy.org

University of lllinois at Chicago
Tel: 312-996-4382

cuttica@uic.edu Tom Bourgeois

Pace University
Tel: 914-422-4013
tbourgeois @law.pace.edu

Cliff Haefke
University of lllinois at Chicage
Tel: 312-355-3476

chaefk1@uic.edu Beka Kosanovic

University of Massachusetts Amherst
Tel: 413-545-0684
kosanovi(@ecs.umass.edu

MID-ATLANTIC
psu.edu

Jim Freihaut

Pennsylvania State University
Tel: 814-863-0083
jfreihaut@engr.psu.edu

SOUTHEAST

www.southeastcleanenergy.org

Isaac Panzarella

North Carclina State University
Tel: 919-515-0354
ipanzarella@ncsu.edu

GULF COAST

www.gulfcoastcleanenergy.org

Dan Bullock
Houston Advanced
Research Center
Tel: 281-364 6087
dbullock@hare.edu

Pedro Mago

Mississippi State University
Tel: 662-325-6602
mage(@me. msstate.edu

Joe Renk

National Energy Technology
Laboratory (NETL)

U.S. Department of Energy U.S. Department of Energy

Phone: 412-386-6406 Phone: 202-586-3753

E-mail: joseph.renk@netl.doe.gov  E-mail: patricia.garland@ee.doe.gov

Patti Garland
Qak Ridge National Laboratory
(ORNL)

Ted Bronson

DOE Clean Energy RAC Coordinator
Power Equipment Associates

Phone: 630-248-8778

E-mail: tibronsonpea@aol.com

Copyright, CEERE, University of Massachusetts at Amherst. 2012



AMO BestPractices Tools

e Motor Driven Systems
— CWSAT (Chilled Water System Assessment Tool)
— AirMaster + (Compressed air system assessment tool)
— FSAT (Fan System Assessment Tool)
— MotorMaster + (Motor management tool)
— PSAT (Pumping System Assessment Tool)

— ChemPEP (Plant Energy Profiler for the Chemical
Industry)
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AMO BestPractices Tools (Continued)

e Process Heating
— PHAST (Process Heating Assessment and Survey Tool)
— NXEAT (NOx and Energy Assessment Tool)
— Combined Heat and Power Application Tool

e Steam Systems
— SSST (Steam System Scoping Tool)
— SSAT (Steam System Assessment Tool)
— 3E Plus — Insulation Assessment Tool
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CWSAT Program

Purpose: Reduce the energy consumption of installed chilled
water systems

Goal: Create a simple but useful software tool for analyzing
potential energy savings in chilled water systems

Center for Energy Efficiency
and Renewable Energy
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CWSAT INTRODUCTION

» A central chilled water system may account for a quarter to
a third of facility energy consumption.

« ULTIMATE GOAL

— Provide adequate cooling to process or comfort load.

— Reduce energy consumption of chilled water SYSTEMS
(important to look at it as a SYSTEM and not as a collection
of components).

 The Program IS NOT intended to determine system energy
use down to the kwh or MMBtu

* Program IS intended to direct analysis effort toward the
most promising cost reduction opportunities

and Renewable Energy

wWww.ceere.org
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CWSAT ECM Capabilities

* New Equipment Specification
— Chillers, Towers, Pumps

« Variable Speed Drive Installation
— Centrifugal Chillers, Tower Fans, & Pumps

« Various Chilled and Condenser Water Strategies
o Air-Cooled to Water-Cooled System Conversion
o Use Free Cooling When Possible

o Sequence Chillers

and Renewable Energy

wWww.ceere.org
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O
o'/ w New Output Screen

Propoged Chiller Spztemn
Bazic System Summary

Murnber of Chilers: li
CHWT Setpoint; Ii
Geographic Location: li
Condenser Cooling Method: li

Tower Surnmary

Typew

T owers: Sizing:

Fan Mator hp: Tems
Murnber of Cellz per Tower:

Propozed Chiller Surmmary
Comoressar Capacity  Age  FLE
P [torns]  [vears] [k fton]
Chiller 1

| | [ 1]

Annual Cooling System

Wi ater-Cooled Summary

Conztant Chw'T
Conztant Cw'T Setpoint:

Pump Summary CHw i

Wariable Flow?:

GoTa
Propozed
Chiller Details
Screen

GoTa
Proposzed
Tower Detailz
Screen

Flowe B ate [gpmitan): | |

Motor zize [hp):
Purmp Efficiency [%]:
tdatar E fliciency [Z]

Energy Surmmary
Chiller Energy:

lik"v'v"h Ii

T awer Energy:

khwih
Purnp Energy:

khwih
Tatal Ernergy:

Iik‘-.-\-"h Ii

GoTa
Propozed
Pump Detailz
Screen

Show Savings
Surnmary
Screen

Help

Center for Energy Efficiency
and Renewable Energy

wWww.ceere.org

Operations

e Chiller
— 375,100 kWh
— $23,000
e Tower
— 105,700 kWh
— $6,500
e Pumps
— 653,500 kWh
— $40,000
e ~1,134,300 kWh

» $69,500



Fropozed Chiller System
Bazic System Surmmary
Mumber of Chillers:

CHWT Setpaint:

Geographic Location:

Condenzer Cooling bMethod:

Tower Surnmary

Typew

BT owers: Sizing:

Fan Motor hp: T e
MHumber of Cellz per Tower:

Water-Cooled Summary

Constant CwT

Consgtant CWA'T Setpaint;

Pump Surnmary
Wariable Flow?:

[ Ho [ ves

GoTo
Fropozed
Chiller D etailz
Screen

GoTo
Fropozed
Tower Details
Screen

Flows R ate [gprdton]: |
b otar zize [hp):

[ 40 [ 50
Purmp Efficiency [%]:
M atar E fficiency [£]:

GoTo
Fropozed
Pump Details
Scresn

Show 5 avings

Propazed Chiller Surmrmary Erergy Summary Ssummary
Capacity Age  FLE Chiller E nergy: EEET
Lompresse [tons]  [wears] [k dton] | & K
|I:hlller 1 | l_ Help
Tower Energy:
| kiw'h
Pump Energy:
| kiw'h
Tatal Energy:
| kiw'h
ERE
17
)| Lbrer

T2

Center for Energy Efficiency

and Renewable Energy

wWww.ceere.org

Install VFD on Tower Pumps

e Potential Annual
Savings:
— 131,216 kWh
— $8,036



Propoged Chiller Syztem
B azic System Summary
Murnber of Chillers;

CHwWT Setpoint;

Gengraphic Location:

Condenger Cooling kethod:

T owwer Surmrmary

Typew

BT owers: Sizing:

Far bdotor hp: T
Murnber of Cells per Tower:

Propoged Chiller Summany
Capacity  Age FLE
[tons]  [wears] [k fan)

| 1 Jos00

Compressor
Chiller 1

W ater-Cooled Summany

Conztant O T
Congtant 0w T Setpoint:

Purmp Summary CHw! Chaf

Wariable Flow?:

(Hietirn to Mew:

GoTa
Propoged
Chiller Dretailz
Screen

GoTa
Propoged
Tower Detailz
Screen

Flow R ate [gpmdtan]; | |

b otor zize [hp):
Pump Efficiency [*%]:
kd akar E fficiency [%]:

E nergy Surmmary
Chiller Energy:

|7kw'h li

Tower Enengy:

kiw'h

Purnp Energy:

kiw'h

——
T

Tatal Energy:

|7kw'h li

GoTa
Propoged
Pump Details
Screen

Show Savingz
Summary
Screen

Help

wWww.ceere.org

Install VFD on Tower Fan

e Potential Annual
Savings:
— 29,283 kWh
— $1,794



Vary Tower Water Temperature
with Outside Temperature

Propozed Chiller Syztem

Basic Spstern Summary Wi ater-Cooled Surmmary P o o
Murmber of Chillers: : Input Screen i
. Congtant Chw'T?:
CHWT Setpoint: GoTo
. . Propoged
Geographic Location: li Chiller Details
) Following Difference: Screen
Condenszer Cooling kethod:
GoTo
Tower Summary Purnp Surmmary CHw O Fropozed .
. Tower Details
- waerer [ ma®] e Potential Annual
Flows R ate [gpm.ton): | |
HT owers: it GoTo -
S M otar zize [hp): = d L]
ottt [ o [T K EW | | avings
ons: Purnp E fliciency [5]: urgz{e:rt]al ¢ "
g i ] :
Mumber of Cells per Tower: kotar E fliciency [%] T 12 100 kWh
Propozed Chiller Summary Energy Surmmary ngmar_l,l - y
Capacity Age  FLE Chiller Enerqu: b SEEEn
Compressor [tons]  [wearz] [kMfon] Iigy ik Ii
Chiller 1 Hel - $74O
| [0 [ Josw i
Tawer Energy:
kiw'h
Purnp Energy:
kw'h
Taotal Energy:
{ kw'h
¢
g
Cenl
ai

wWww.ceere.org



Implementation of All Cooling

Svstem Improvements
E3

Propoged Chiller Syztem

B azic System Summary W ater-Cooled Summany {HEn to &
Murnber of Chillers:  Input Screen |
. Conztant O T
CHwWT Setpoint; GoTa
. . Fropozed
G eographic Location: li Chiller D etailz
' Faollowing Difference: Screen
Condenger Cooling kethod:
GoTa
T ower Surmmary Fump Summary CHw Chd Froposed

Tupe| Variable Flow?. [ [ o Tower Detals P t t I I
BT owwers: - li Flow Rate [gpm/ton] | | GoTo O e n I a / \n n u a.

S . " siaing. Matar size (hp): e .

t i . ] -

an Motar hp Tans; Purp Efficiency [%] I— I— F'urggrg:rl.:lalls S aVI n g S -

Murnber of Cells per Tower: kd akar E fficiency [%]: Show Savings
Propoged Chiller Summany E nergy Surmmary Summary —_— 147 , 92 7 kWh

Capacity Age  FLE Chiller Energy: Screen

Comprezsor ltons]  [pears] ki ton]
Chiller 1 li o Ii il $9 060
o —_
| | N — |
Tower Energy:
[7.20 kwh [ g5
Furnp Energy:
[Eoaes  kwh [ 330400
Tatal Energy:

|7kw'h li




“Free Cooling”

Cooling Tower 57 °F

Operation at 75% Load
(temperatures typical)

\_‘ o 62 °F
A - ‘
4 Ny
Chiller »> Plate/Frame
c E Heat
0 \; Exchanger
d p
e )
r; ra Cooling
z t Cail Load
7 0
:
. J
54 °F §
a V 58°F
e oL
Tower Pump Chilled Water Pump

Center for Energy Efficiency -
and Renewable Energy (2,100 gpm) (800 - 1,600 gpm)

www.ceere.org
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Free Cooling: Case Study

Without Using Free Cooling

e 3,478,900 kWh actual ($296,000 annually)
e 3,436,900 kWh predicted

o Difference: 41,974 kWh (-1.2%)

With Free Cooling
e 489,100 kWh and $41,570 actual savings

513,500 kWh and $43,644 predicted savings
(+4.9%)

wWww.ceere.org
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Center for Energy Efficiency
and Renewable Energy

wWww.ceere.org

Process Heating Assessment and Survey Tool

(PHAST)
What is PHAST?

A tool that can be used to:

Estimate annual energy use and energy cost for
furnaces and boilers in a plant

Perform detail heat balance and energy use analysis
that identifies areas of energy use and energy losses
for a furnace or a boiler

Perform “what-if” analysis for possible energy
reduction and efficiency improvements through
changes in operation, maintenance and retrofits of
components/systems

Obtain information on energy saving methods and
identify additional resources



Areas of Energy Saving Opportunities

Waste Heat Recovery

Heat
Heat Containment

Generation

Flinace scheduling,

l0ading, operation \2
Heat

Transfer

Center for Energy Efficiency
and Renewable Energy

wWww.ceere.org

—562.8

—512
—472
—432
—332
—352

[ [ [-312

=272
—232
—-192

—138.0
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Heating Systems - Heat Generation
Energy Saving Opportunities

burners

Energy Saving Techniques Eng;)géiﬁgg)]gs
1 | Air-fuel ratio control 51025
2 | High turndown combustion system 51010
3 | ArInfiltration (Furnace sealing) 51010
4 | Use of Preheated Air 15t0 30
5 Use of oxygen enrichment or oxy fuel 1 25




Preheat Furnaces #1

Combustion Alr

— po—r— = °* Currently Using Room Air
for Combustion @ 80-100

Energy Efficiency and Renewable Energy 0 F

Plon Name Fumace Nome 3002 e Furnace Exhaust Gas @
[ Water - Cooling Losses T Wall Losses I Opening Losses ‘ 1 400 OF

[ Load/Charge Material I Fistures, Trays, Baskets etc. LossesT Atmosphere Losses
Other Losses 1 Flue Gas Losses/Heating

S Losses/Hes PO  Preheat air to ~700 °F
et S ResaR O * Annual Energy Savings:

Modified

Current
F Flue Gas Temp. D F [_‘ Q, Look | l—
Ell::;c:in::e::sej; o [ | i twk52| |714102 4,812 MMBtU/yr

E:::s':::ﬁemnmegeaﬂ $ Q Lot_:kUp! Iij;; ® POtentiaI COSt SaVingS:

Avaiable Heat (%) 31.9 ikt $4 8 y 1 2 O

Available Heat User Defined (%) [ 3% Q lookup| [ s627 - -
B 13508 s  Potential Savings for Three

| Flue Gas Losses (Btu/hr) 902,132 329,318 | Furnaces ~$145,000

| &) Comment9| & Prevtousl Next |:i>| |
Curent Net Heat Required (Btu/hi] 423753 [5] Furnace Summaryl B Enter/Edit Current Datal
Modified Net Heat Required (Btu/hr) 423,753

Report | P+ Close |




Improve Furnace #2
Combustion Efficiency

L Frrr———— | « O, measured @ 12%

Energy Efficiency and Renewable Energy ® ShOUId be reduced tO
Plant Name Furnace Name 3002 7 %

[ ‘water - Cooling Losses T Wall Losses T Opening Losses

[ Load/Charge Matenial ] Fistures, Trays, Baskets etc. LnssesI Atmosphere Losses } ° A n n u al E n e rgy S av i n g S :
T toasome | 3,996 MMBtu/yr

Select Heat Source (+ Fuelair (02) Fired " Ele c

e ¢ e per furnace
Fumace Flue Gas Temp. [Dearee F) [— Q LookUpl IW

Ohggen i Flue Gases (%) 7 Q| [ 7 e Potential Cost SaVingS:

Excess Air [%) RAEEE [ 4475

Combustion Air Temp. [Degree F) [ 9 Q Lok Upl [ s $39 y 9 60

Awailable Heat (%) 31.98 4384 - -
okt ot e i [ | e | oo « Potential Savings for
Gross Heat (Btu/hr) 1,325,885 850,227

Three Furnaces:
~$119,900

Flue Gas Losses (Btushr) 902,132 426,474

@l ;:.;5| [Z] Comments| =] Previousl Next :DI_ —
Current Net Heat Required [Btu/hr) 423,753 Furnace Surnmarvl B Enter/Edit Current Datal
Modified Net Heat Required (Btu/hr) 423,753

Report | Q¢ Close I




Plant Name Furnace Name 3002
[ Load/Charge Material I Fiztures, Trays, Baskets etc. LossesT Atmosphere Losses
[ Other Losses T fiatiax Lug?fei;gzjthg Sisten Heat Starage
‘Water - Cooling Losses Wall Losses Opening Losses
Current Modified

Surface Area (ft°2) [ [ 620
Average Surface Temp. ([Degres F) | 50 ] 13
Ambient Temp. [Degree F) [ 25 | 85
Correction Factor [ 1 | 1
Heat Required (Btu/hr) 246,063 66,402

& Previuus' Next E‘.}l -

: :;.':'| ) Ccmmeml
Current Net Heat Required (Btu/h) 423753 [] Fumace Summarv| B Enter/Edit Current Data|
Modified Net Heat Required (Btu/hr) 244,092

| Q¢ Close |

e Annual Energy
Savings:
1,510 MMBtu/yr

Potential Cost
Savings: $15,100

 Potential Savings

for Three
Furnaces:
~$45.300



Pumping System Assessment Tool
(PSAT)

e An opportunity quantification tool

* Relies on field measured (or estimated) fluid
and electrical performance data

» Uses achievable pump efficiency algorithms
from the Hydraulic Institute

* Motor performance (efficiency, current, power
factor) curves developed from average motor
data available in MotorMaster+
(supplemented by manufacturer data for larger
size, slower speed motors)

wWww.ceere.org
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Some symptoms of interest

Throttle valve-controlled systems
Bypass (recirculation) line normally open

Multiple parallel pump system with same number
of pumps always operating

Constant pump operation in a batch environment or
frequent cycle batch operation in a continuous
process

Cavitation noise (at pump or elsewhere in the
system)

High system maintenance
Systems that have undergone change in function



Tank to pipe — |

Head calculation

PSAT includes a pump head calculator to support
user-measured pressure, flow data

Type of measurement configuration
Suction tank elevation, gas space pressure, and discharge v|

K. represents all suction losses from the tank to the pump
K, represents all discharge losses from the pump to gauge P,

Suction pipe diameter (ID), inches 3| 19.500| Discharge pipe diameter (ID), inches 3| 15500
Suction tank gas overpressure (Pg), psig & 0.00| Discharge gauge pressure (Pd), psig?| 75.50
Suction tank fluid surface elevation (Zs), feet 2/ 12.00| Discharge gauge elevation (Zd), feets[  5.00
Suction line loss coefficients, Ks 5[ 0.50|| Discharge line loss coefficients, Kd [ 2.50
entrance |oss Fluid specific gravity ﬁlm Flow rate, gpm ﬂlﬁ B
Don't update Accept and update Differential elevation head, ft|  -7.00 valve
Click to Click to Differential pressure head, ft[ 176.17| g elbc’)w

@

™ CEERE

S

Center for Energy Efficiency
and Renewable Energy

www.ceere.org

leave the main panel| | Accept and return
head unchanged the calculated head

Differential welocity head, ft 1.64
Estimated suction friction head, ft 033
Estimated discharge friction head, ft 411

Fump head, ft| 17525




File Edit ©perate “Windows Help

II»

Condition A

End suction stock W
36450

Pump fluid data
Fixed pumpg‘r‘es Speed, rpm 511

Condition B

Copy &
= toB =

o =
SESEE SPEEH Lo Drive  Direct drive W

# stages §|||1_ Specific gravity 5| 0.924

Copy B
=to & =

Fluid viscosity (z5) 5| 22.00

Wotor ratings Motorhp 400 w

Retriewe
defaults

Pump, fluid data End suction stock W

Fized pump il ves Speen:l,rpm§|I 3650
specific speed? =) Mo

Drive  Direct drive W
# stages §|I|1_ Specific gravity 3| 0.924
Fluid wiscosity (cS) 3| 22.00

Motor ratings

Existing motor class Standard efficiency w

rpm ﬂSESD Rated \rnltagegI 2300

Motor size margin, % qlﬁ|

Duty, cost rate f e El
Operating fraction = 1.000
Electricity cost, cents.fkwhrﬂ 3.844|

Regquired or measured data

Flowrate, oppm 2 5473
Simple system -
curve utility | Head cal: I Head, ft5| 254.7

Load estimation method Power

ake the
current
data the
defatt
et

Motorhp 400 w

Existing motor class Standard efficiency w

rpm 513550 Fated \rnltagegI 2300

Motor size margin, % qlﬁ|

Duty, cost rate i fem|
Operating fraction = 1.000
Electricity cost, cents.fkv-fhrf*1 3.844|

Reguired or measured data

Flowrate, gpm £ G473
Simple system -
curve utility |Head calc I Head, ft 5| 424.0

Load estimation method Power W

Motnrvnltageﬂlﬁ| Muturw\rﬁ 2420 Motnrvnltageg@ Muturwﬂﬂ
Existing Optimal Existing Optimal

Furnp efiiciency, % | |([ 814 ||[[ 742 | Purnp efficiency, % ||[| 205 | 734
Mutor rated power, hp | ([ 400 |(|[ 300 Motor rated power, hp ||| 400 [[f] 150
Matar shatt power, hp | ||| 3061 | ||[ 2535 | Motor shaft power, hp | (Il 3061 ||| 127.2
Purnp shaft power, hp | |([ 3081 ||[[ 253.5 | Purmp shaft power, hp |l 3061 ||| 127.2
Motar efficiency, % ||| 944 ||| 857 | Motor efficiency, % ||| 244 ||| 250
Motar power factor, % ||| 882 ||||[ e&& | Motor power factor, % (Il 882 ||| =88
Motar current, amps B89 A6.0 Maotar current, amps IW IW

Mator power, ke | (| 2420 ||| 1976 | Motar power, kive ||| 2420 ||| 99.8
Annual enerogy, Mthr | |[TZTTE9 [7|[T72mE Annual energy, M | (1] 21199 ||| 8746
annual cost, §1,000(|([ 815 ||| B85 | Annual cost $1,000 ||| a5 [[f] 33

Raw Crude

e Head loss: 358 ft
e Friction loss:
78.7 hp
83.2 kW
e Annual Cost:
$28,000
Optimization Rating:
197.6

Annual savings potential, $1,000 | 148.0

Optimization rating [ 816 |

Annual savings potential, 1,000 | 47.9

Optimization rating |

=0.816 (81.65%)
242.0



Raw Crude

i Pump head calculator2.vi

Type of measurement configuration
Suction and discharge ling pressures v|

K, represents all suction losses from gauge P, to the pump
K,represents all discharge losses from the pump to gauge P,

Suction pipe diameter (109, inches g.000| Discharge pipe diameter (D), inches 3| 8.000

Suction gauge pressuge (Ps), psig

0| Discharge gauge pressure (P, psigf 422.00

=

-l G20
Suction gauge elevation (Z5), feet 3| 2.50| Discharge gauge elevation (Zd), feety| 5.5
Suction line loss coeficients, ks 5[ 080  Discharge line loss coefficients, Kd 5[ 1.00

Fluid specific gravity 5[ 0.624|  Flow rate, gom 5[ 943

Differential elevation head, it 2.00
Differential pressure head, ft | 860,00
Differential velocity head, | 0.00
Estimated suction friction head, ft 0.28
Estimated discharge friction head, | 0.56

Fump head, ft| 353.84

Don't update Accept and update

Click to
[eawe the main panel
head unchanged
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File Edit Operate ‘Windows Help

Condition A

Pump, fluid data End suction stock w7

Fixedpump;‘r‘es Speed, rpmﬂ 3585

ifi 7
specific speed? = Na Drive  Direct drive ™

#stages 3|1 | Specific gravity 3[ 1.000

Condition B

Fluid viscosity (c8) 5| 1.00

hictor ratings Motor hp 200 W

Pump, fluid data End suction stock w7

o

Existing motor class Enerdw effici

mm 33585 | Rated voltage 7| 460

Mameplate FLA 5| 2200

Motor size margin, % fﬂﬁ

Duty, cost rate  nparating fraction ﬂlm

Electricity cost, centsfiowhr 5[ 6.000 |
REequired or measured data

Flowrate, gpm 3 295
Simple system 3

curve utilty Head calc I Head, ft 5| 910.6

Laoad estimation method Currant w

Wotor valtage 5| 460 |Motar amps 5| 170.0

Copy &

= toB= Fixed pump;‘r‘es Speed, rpm 3| 3585

Copy B specific spesd?=INe bive [ Dirdet drive. W

<tor<| || #stages g1 | Spesific gravity J[ .00

Retricve Fluid viscosity (c5) 5 1.00

detautts |l Motor ratings Waotor hp | 200 W
nt W] || Make the Existing motor class Energy efficient  w

current F

ot the mm /3584 Rated voltage w480

def:tuﬂ Mameplate FLA 5| 2200

=

Existing Qptimal

Pumnp efficiency, % ||| 445 ||I[ 8677 |
Matar rated poweer, hp ||| 200 |||[ 128 |
Matar shaft power, hp | ||| 1522 ||| 1002
Purnp shaft power, hp | ||([ 1522 | ||[ 1002
Motar eficiency, % | ||| 952 ||| @47 |
Mator power factor, % | ||| 221 |||[ 287 |
mator current, amps | ||| 1700 ||| 1117
Mator pawer, ke | ||| 1194 || 788 |
Annual energy, Mhr| [([ 10458 | ([ B31.1
Annual cost, $1,000| [ ez7 |||[ #1.5 |

Annual savings potential, $1,000 | 2.3

Optimization rating | 661

Matar size margin, % ﬂlﬁ

Duty, cost rate i ion &
Operating fraction = 1.000
Electricity cast, c:entsfkwhri'1 E.DDD|

Required or measured data
Flowrate, gpm 3 125
Simple =ystem

curve utilty | | Head calc I Head, ft 5| 1000.3

Load estimation method Currant

Motor valtage 3 460| Motar amps 5| 132.0
Existing Qptimal
Pump efficiency, % ||l 27.8 ||l 548

Motar rated power, hp 200

-1
o

Motar shatft power, hp 1136

Pump shaft power, hp 1136

motar efficiency, %

Matar power factar, %

Motor current, amps 1320

Motor power, kKive

Annual enerogy, M 7838 401.5

ZECEeEEh
ZECaGEEh

Annual cost, 1,000

Annual savings potential, $1,000 | 224

Optimization rating | ETEN

Hood and Saturation Spray
Pumps

e Use VSD to control the
flow — reduce flow 50%
during off periods

 Potential Savings:
321,000 kWh
$19,000



Compressed Alr - Air Master
f 39 Energy Efficiency ;ﬂ-.:asurﬂm . &r

File Calculators Help

| | ﬁ| | '@' | %| “E’ | Copy EEM Scenarin:u| Life Cycle | Fesults | Cloze |
Facility [§=] =g e F= e
— EEM Scenariulﬁcenarin #1 j
Syztem | kd ain Air System j
Drata Entry T Savings Summarny
Reduce Air Leaks 77 R32 2,948 96 14.9 603 1,000 3.551 n3
Ize Efficient Mozzles for Blow 29,366 1135 a7 13.9 a0e 200 1,941 n4
Reduce System Air Pressure 49,055 1.862 .0 1249 521 100 2,384 0.0
IJze Urloading Caontraolz 36,463 1,386 45 oo 1] 1,200 1,386 nA4
Adjugt Cascading Set Points 14,226 540 14 15 A3 200 BOO 3
Jze Automatic Sequencer 126,020 4,788 155 284 1.144 A.000 b33z 1.3
Reduce Run Time 73,168 2,780 a0 0.0 0 2000 2750 01 _ ¢
Add Primary Beceiver Wolume 3.709 : _ !
TOTALS 425139 16,150 h2.4 Trdl 3134 15000] 19285 |EI.E!
L 3
Double-click row to view comesponding measure input data Copy To Clipboard |
Center for Energy Efficiency
and Renewable Energy
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AC — Reduce Air Leaks

53 EEM - Reduce Air Leaks

File Calculators Help

e &8l9

Results | Cloze |
Facility |Erewing Facility System |Main Air System
Diescription |F|eu:|uu:e Air Leaks Meazure cost, § 1000
teasured data |.-’-'-.irf||:|w, Eroapacity J
Comprezzor Operations To Feed Leaks Leak Airflow Y alues
= Airflow, actm % Cs
Peak. zystem
Compressor 1 %Cap 40.0 requirement + leaks ey btz
Compresszor 2 %Cap 0.0 Leaks 190 14.4
) Peak. spstem
requirernent Bl el
b aximnurmn houry system airfflow, ackm -
[according to entered profile values) 1021 Reduce leaks by ¥ acfm 500 %

AFCEERE

o,

TII94

Center for Energy Efficiency
and Renewable Energy

wWww.ceere.org
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e Annual Energy
Savings: 77,632
KWh

e Potential Cost
Savings: $3,551

e Measure Cost:
$1,000

Copyright, CEERE, University of Massachusetts at Amherst. 2012



AC — Add Receiver Tank

5. EEM - Add Primary Receiver Volume

File

LE| S| 2]

Calculators  Help

Facility |Brewing Facility

Syztem |Main Air Syztern

D escription |.-'-\dd Frimary Heceiver Walume

Measzure cost, § 3500

E=isting air storage capacity |

Increazed wolume |

Propozed air storage capacity |

cubic feet gallons
630 | 471
2005 | 1500
2635 | 1971

“olume to be added o
the unreqgulated [primary]
zide of the spstem.

Performance Profile | I

.

[ Performance Profile Graph

2]

Power (% Full Load)

Performance Comparison - Add Primary Receiver Volume

110+
1004
90+
80
70+
B0 -

504 o Lt

40 5 T

30+ o

2077

104
0 T T T

0 10 20 30

Exigting
Fropozed

40

50

60

Airflow (% Capacity)

70 a0 90 100

Cormpressar: |Eompressor 1

ﬂ Frint Cloze

e Annual Energy
Savings: 18,709
KWh

e Potential Cost
Savings: $711

e Measure Cost:
$3,500

Copyright, CEERE, University of Massachusetts at Amherst. 2012



Information, Tools and Training

o Tip sheets, case studies,
brochures, technical briefs etc.

* Energy Matters newsletter

How To . )
j Calculate S  Industrial Technologies Monthly
o3l The True Cost e IR s e .
e 0f Steam — N e-bulletin
B e
1

Software tools

HMOTORS

Com Harkoone Srwtagin

| iR B * Training workshops and webcasts
DI = e 0 « Web sites

e New:
SEesme—— — Packets of Information for
Plants

-l

o,

.]'))));g

Center for Energy Efficiency ? i
and Renewable Energy -

wWww.ceere.org
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Questions ?

Contact Information:
Beka Kosanovic
kosanovic@ecs.umass.edu

Ph.: 413-545-0684
Fax: 413-545-1027
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