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Motor-driven equipment is a dominant
electricity consumer
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Industrial motor systems:

- are the single largest electrical end use
category in the American economy

- account for 25% of all U.S. electrical sales
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Pumps are the largest industrial user of
motor-driven electrical energy

Fluid handling equipment,
including pumps, fans, and
compressors, account for
over 60% of industrial motor-

Material processing driven energy.

Material handling

Compressed Air
15.8%
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BestPractices encourages a three-tiered
prescreening and assessment approach

e Initial prescreening based on size, run
time, and pump type

e Secondary prescreening to narrow the
focus to systems where significant energy
reduction opportunities are more likely

e Opportunity assessment and
guantification of potential savings
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The bulk of motor-driven energy Is used
by arelatively small part of the population
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Primary prescreening

All plant > Big loads > Big centrifugal
motor systems that run a lot loads that run a lot

| |
Seldom used, Non-centrifugal,
small loads ASD loads

Policies and
practices oderat

priority
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Pump energy basics are fundamental to
secondary prescreening

Q -H-T-. Sg
5308 - npump * Nmotor * Mdrive

E =

E energy, kilowatt-hours

Q flow rate, gpm

H head, ft

T time, hours

Sg specific gravity, dimensionless
5308 Units conversion constant
Npump pump efficiency, fraction
Nmotor motor efficiency, fraction
Ndrive drive efficiency, fraction
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Five basic causes of less than optimal
pumping system operation

 Installed components are inherently inefficient at
the normal operating conditions

 The installed components have degraded In

service

 More flow Is being provided than the system
requires

 More head is being provided than the system
requires

 The equipment is being run when not required by
the system
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Secondary prescreening

All plant > Big loads > Big centrifugal
motor systems that run a lot loads that run a lot

.'-.'-.i'-:'.-.'-':'.'-..-..-.
Seldom used, Non-centrifugal,
small loads ASD loads

= g g
L _— —_— _— —_—

Policies and

practices

oderat

JacT Highest
priority

Priority
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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

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

o Cavitation noise (at pump or elsewhere in the
system)

e High system maintenance
o Systems that have undergone change in function

_ F PARLD | X > vl |
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Pumping System Assessment Tool (PSAT)

« 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)
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A matter of focus

« PSAT is based on component performance
|t can be used to evaluate component-level
performance

e But it can also be used to evaluate system-
level conditions
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An example system

— Delivered to Tank 2

()

Measured data

F1 =6050 gpm
Motor nameplate: 350 HP, 1185 rpm, 83 amps, 2300 v~ L1 =12t abgve ground
Suction line is 20-in Schedule 10 SS P2 =75.5 psig (5 ft above ground)
Discharge is 16-in Schedule 10 SS Fluid = paper stock at 120 deg F

Motor current = 80.5 amps
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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 line pressure ™

K. represents all suction losses from the tank to the pump

Click to access

T e K, represents all discharge losses from the pump to gauge P,
Suction pipe diameter (I0) 2| 19500 inches Discharge pipe diameter (IDV5| 15.500 | inches
suction tank gas overpressure (Pg) 2 0.00| psig Discharge gauge pressure (Pd) 3 75.50 | psig
Suction tank fluid surface elevation (Zs) 3|  12.00|ft Discharge gauge elevation [Ed]lﬂ 5.00| ft
Suction line loss coefficients, Ks ?1 EI_5E|| Discharge line loss coefiicients, Kd?1 2.5EI|

Tank to pipe—
entrance loss Fluid specific gravity i' 0.5990 Flow rate §|| BO050.00| gprm Check valve,

Dontt update Accept and update Qifferential elevation head 700 SR elbow
Click 1o Diffarential pressure head | 176.23

leave the main panel Differential velocity head 1.64
head unchanged Estimated suction friction head 0.33

_ Estimated discharge friction head | 411
Systemn of units: gpm, ft, hp Pump head [ 1765

=, =/ = =2 = =P
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Inputs

Component-based analysis

Condition &

End suction stock v|

Purap rpm 371188

Drive ' Direct drive w

LInits gprm, ft, h b d
Kinematic viscosity (c3) L/ 100
Specific gravity 5|0.990

# stages gE

Fixed specific speed? -

Results

Condition A

Line freq. "GO0 Hz W
HF 350 w

Motar rpm 1185

Eff. class Standard efficiency w

Yoltage ?1 2300

| Estimate FLA

Full-load amps i' g3.0

Size margin,%ﬂlﬁ|

Operating fraction 2| 1.000
Fikowihr 3

Flow rate, gpm 2 BOAD
Head tool| Head, ft 2

Motar amps 5| 80.5

Yaltage 2| 2300

PSAT Introduction

Existing Optimal — Units
Purnp efficiency ||| 782 ||| &7.3 [[||%
Motor rated power| ||| 350 J|I{ 350 || |hp
Matar shaft power| (|| 339.0 |l 3037 | |hp
Purnp shaft power| ||| 339.0 J||{ 2027 |||hp
Motor efficiency ||| 945 |l 956 ||%
Motor power factor|[|[ 834 J[I[ 838 | ||%
Motar current |[|[ 808 i 71.0 || lamps
Motar poweer ||| 267.5 |[I[ 23710 | |fkw
Annual energy ||| 23437 ||| 20766 || IMyih
Annual cost||| 914 [ #1.0 | ||$1000
10.4

Annual savings potential, §1,000
Optimization rating, %




Input sections 1-3
Basic design, operating profile and cost inputs

End suction stock vl

Fump rpm glﬁ
Fump, Drive Direct drive W
fluid Unitz= ~ gpm, ft,hp W
Kinematic wiscosity (c3) EIW
Specific gravity /0.990
# stages %E

Fixed specific speed? -

Line freq. GO Hz W
HP 350 w

Mator rpm = 1185

Eff. class Standard efficiency w

Voltage 5[ 2300

| Estimate FLA

i |
Full-load amps - a3.0
Size margin,%ﬂlﬁ|
Duty, Operating fraction 3| 1.000

unit -
Fikowhr 50,0350

cost

Motor
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Input section 4

Accurate performance data Is essential

Flow rate, gpm g GOS0

‘ I a -fluid
Fiald Head tool Head, ft = 175

data || Load estim. method Current |

Motar amps 5| B08| | glectrical

Wnltageg 2000
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Alternate forms of electrical data input

Flow rate, gpm i' BOSO

‘ I 4
Fiald Head tool Head, ft - 175

data || Load estim. methad Current w|

Muturampsil al.s ||
Wnltage% 2300

Either motor current or power can be |
used to estimate the motor shaft load

Flowe rate, gpm g FO50

I 4
Fiald Head tool Head, ft - 175

data || Load estim. method Power |

Mot or kwg 2By 5 :
“wﬁ:ul’[ag:ua?1 23000
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Results: optimization rating

The optimization rating is akin to an exam grade of how well the existing
operation compares with optimal.

Condition A
Existing Cptirmal lLInits
Furnp efficiency 78.2 87.3 Yo
hlotar rated power 340 340 hp
hWotar shaft power 339.0 303.7 | |lhp
Fump shaft power 339.0 303.7 | |lhp
hWlotar efficiency 94.5 956 %o
hWotor power factar 83.4 83.8 %
hlotor current 80.5 71.0 Arnps » 2371 )
Motor pawer ||| 267.5 ||[[ 2371 | 2912 v 100 =886
Annual energy [ 22437 [I[ 20766 [|[WWR [T 267.5
Annual cost 91.4 | 81.0 $1000
Annual savings potential, $1,000 § 10.4
Cptimization rating, % !1‘
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Results: cost, savings potential

PSAT Introduction

Condition A
Existing Cptirmal lLInits
Furnp efficiency 78.2 87.3 Yo
hlotar rated power 340 340 hp
hWotar shaft power 339.0 303.7 | |lhp
Fump shaft power 339.0 303.7 | |lhp
hWlotar efficiency 94.5 956 %o
hWotor power factar 83.4 83.8 %
hWlotor current 20.5 71.0 amps
hlotar power 267.5 2371 Y
Annual energy | ||| 2343.7 2076.6 | [IhWWh
I Annual cost ||| 914 81.0 $1EIEIEII
| Annual savings potential, $1,000 10.4 ||
Cptimization rating, % -

Annual energy costs for
the existing and optimal
cases are tabulated, and
the potential cost savings
IS listed




A system-level perspective

— Delivered to Tank 2

I

vm% 71.3 ft friction loss
across control valve

V2 ti@ F2 = 2800 gpm
lil

Recirc flow |[}_(F1) F1=6050 gpm

Required flow rate: 2800 gpm sent to Tank 2

Required head = Pump head: 175.3ft
- valve loss 71.3 ft

104.0 ft
PSAT Introduction =t 9 i‘w&



A system-level perspective

AT analysis using the required fluid data

End suction stock v|

Purap rpr 31188

Drive Direct drive W

LInits gprm, ft, h b d
Kinematic viscosity (c3) L 1.00
Specific gravitg,rﬂl].BEJD

# stages gE

Fixed specific speed? -

Condition B|

Line freq. GO Hz W
HF 350 W

Motar rpm 1185

Eff. class Standard efficiency w

“oltage ?1 2300

| Estimate FLA

Full-load amps i' g3.0

Size margin,%ﬂlﬁ|

Operating fraction 2| 1.000

$fkwhr 2| 00350
Flow rate, gpr 3| 2800
Headfool| Head, ft i 104

Load estim. method Current =

hdatar ampsf

g0.5
Waltage 3| 2300
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Existing Optimal Lnits
Pumnp efficiency ||| 21.5 ||f[ 246 |||[%
Motor rated power ||| 350 Il 100 ||{hp
Motor shaft power|| || 339.0 ||l 861 |||hp
Pump shaft power ||| 338.0 Il 861 ||[hp
Motor efficiency ||| 945 ||l 248 | /f%
Motor power factor ||| 83.4 |l 823 |||%
Motor current | (| 2805 ||f| 206 | [|lamps
Motor power ||| 267.5 |||l B7.7 || [|Jkw
Annual energy || (| 2343.7 | |f[ 5931 |||tk
Annual cost|[[ @14 |l 231 | ||$1000
62,3

253

Optimal equipment sized to meet the required
conditions could save over $68,000/year.




PSAT does not identify solutions;
some options

e Trimmed impeller

 Reduced speed motor

« Adjustable speed drive

 Different pump

Other factors, such as load variability, extent of system

head that is static, and pump details (curve, impeller size,
etc.) would be needed to evaluate alternative solutions
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Help pop-up screen

Condition A

S provide run-time assistance

Condition B

Existing Dptirmal  Units Existing Cptimal Lnits
Purnp eficiency |||l 215 ||l 246 |[|% [ 215 J[|[ 246 %
Motor rated power ||| 350 | 100 | |hp | 350 | 100 hp
Matar shaft power | ||| 339.0 ||| 261 hp [ 3390 |||I[ sB.1 hp
Purnp shaft power | ||| 329.0 J|f{ 261 || |hp [ 3300 J|i[ =81 hp
Matar efficiency [[[| 945 Il 948 | |% [ 945 |[|[ 948 %
Motor power factor ||| 83.4 [ 223 | |% [ 234 |l 823 ||[%
Motar current [[| 205 [ 2006 | |lamps || || 805 ||| 206 amps
Motor power | IEGT 5 | GTT Ly AaRT R 1A
Annual energy ||| 23437 || 5931 | nivh
Annual cost | ||| 91.4 [ 231 $1000 Optimization rating
. ) This is a measure of the overall rating of the existing pumping system efficizncy relative
Annual savings potential, $1,000 683 ko the optimal maotor, optimal pump configuration, expressed as a percentage. A value
Optimization raing, % ||, e e e e g ey e & el of S0 he

Laog file controls: Summary file Contrils:
Creste Add to
neyy 1o existing lo

—_L Rt Existing summan files
Fetrieve Delete
Iog entry Iog entry CREAT

Condition A Notes

Facilty Mid-south Paper

Application  [B0-0564
General comments
et pump flowy rate and reguired head (developed head minus tl

Documentatic\m :

| System [Surge chest stock
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Mathematically, it is simphy the Optimal Mokor power divided by the Existing Mokor
power, expressed as a percentage,

It is possible for walues of greater than 100% to exist, since the pump efficiencies used
in the program reflect "generally atkainable efficiency levels." There can be significant
deviation in efficiency, particularly with smaller pumps {see Figure 1.63 of HI1,3-2000),

The background calor For the Ophimization rating wvaries with the rating:

=100: Dark Blue
90-100; Green
30-90; Olive
0-30: Yellow
EQ-70; Qrange




The Background information button provides
access to assessment guidance and curves used
by PSAT to perform its calculations

Selection menu list

Prescreening - IMPORTANT =
General background

Background System measured conditions ws. actual requirements

nformation ‘ Sources of system losses

Fump efficiency curves

Motor perdormance curses

Inits canwversion utility

PSAT Introduction




User's manual and other support features are
Included

B psaTzo0s
B Yalve toal

5] System curve from psat coeffs &

B Log and summary files converter
T Conversion readme - 2004 ko 2008

“—___ Users of PSAT2004 can convert saved
log and summary files to the 2008
version (a one-time operation)
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A demo of the tool use
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Example system

Suction line size: 14-inch sch. 40 CS (13.1" ID)
Discharge (except reducers at valve V1): 12-inch sch. 40 CS (11.9" ID)
Fluid: water at 70°'F

Valve V1 is 8-inch v-port ball

Cost of electricity is 5 cents/kWh

Motor is 460-Volt, 250-hp, 1780 rpm, nameplate efficiency = 95.8%

All pressure gauges at 5 ft above ground
Pump is single stage end suction

Both tanks are open to atmosphere

[F] 100 ft

2% @1,

Table 1. Measured operating data

Condition Q, gpm P1, psig P2, psig P3,psig Motor kW % of time at Condition
A 2000 90 52 50 135 50%
B 3160 75 66 61 150 40%
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We'll do PSAT calculations
for Condition A

e Calculate pump head
 Annual energy cost
* Potential savings

* Develop a system curve with artificial
control valve losses eliminated

 Take a look at some of the background
Information and data

PSAT Introduction




Other options for the side-by-side
comparison

e Same pump, different operating conditions

e Same pump, different times - such as in
periodic performance testing/trending

o Parallel pumps
e Old pump/new pump
e efc., etc.

PSAT Introduction




A valve loss estimating tool accompanies PSAT

Lnits gpm, ft, inches, psig "|

Cperating fraction 3| 1.000
Average electrical cost rate, $Ad4ivh 5| 0.0390

Pump efficiency, % 5| 85
Motor efficiency, %o 3| 95

Head loss, ft[ 7126

Frictional power loss, hp [ 49.9

Frictional electrical power, ki 461

Specific gravity 5[ 0990 Annual cost of friction, $ 15739

Specified flow rate, gpm ﬂ 2300

als

Available data selector v from flow rate, pressures b d

© s ©

Calculated valve Cyw

Upstream pressure, psig g* 755 Downstream pressure, psig ill 288
Upstream pipe 1D, inches ﬂ 15500 Valve size, inches ﬂ 12 .00 Downstream pipe 1D, inches 4 j 1550
Upstream gauge eley, ft ﬂ 50 Downstream gauge eley, ft 4 E 19.4

Upstream gauge velocity, fifs 48 Vabe velocity, ftfs 79| Downstream gauge velocity, ftfs 48

Croat =y 1.004 |K_reducer & expander
reate atrieve
new log log entry 20131 K _valve

20232 K_total

Based on standard valve equatlons (ISA 75. 01)
Ik €
PSAT Introduction ¥




Software download (free)

and training links
wwwl.eere.energy.gov/industry/bestpractices/software.html

BestPractices

RS

BestPractices Home (= Printable Wersion

About BestPractices Software Tools
BestPractices has a varied and expanding software collection. Much of the software can be accessed here. A

Resources few packages must be ardered from the EERE Information Center via e-mail or by calling 1-877-EERE-INF (877~

Software Tools 337-3483).

Fublications

Training With the right know-how, you can use these powerful tools to help identify and analyze energy system savings

opportunities in your plant. While the tools are accessible here for download, you are also encouraged to
attend a training workshop to enhance your knowledge and take full advantage of opportunities identified in
the software programs. For some tools, advanced training is also available to help you further increase your
Ways to Save Energy expertise. Find out more about training. You can get help on software installation and operation from the EERE
EERE Infarmation Center Infarmation Center at 1-877-EERE-INF {(877-337-3463) or email to eereicdes.doe.gow.

Databases

Qualified Specialists

Opportunities DOE Industry Tools
n ATREMaster+

Eor Lorpordte Espotive » Chilled Water System Analysis Tool (CWSATY

For Plant Management » Combined Heat and Power Application Tool {CHP)
m Fan Swstem Assessment Tool (FSAT)

Eorechnigal » MotorMaster+ 4.0

For General Public m MotorMaster+ International

m MNOw and Energy Assessment Tool (MyEAT)

m Plant Energy Profiler for the Chemical Industry {ChemPEP Tool)
m Process Heating Assessment and Survey Tool (PHAST)

m Pumping System Assessment Tool 2004 (PSAT)

m Steam System Tool Suite

PSAT Introduction




There are two PSAT workshops

End-user

Pumping Systems Field Monitoring

and Appicatio of the
Pumping System Assessment Tool (PSAT)

Specialist

z :;f’ Energy Efﬁciency and Renewable Energy Bringing you a prosperous future where energy is

clean, abundant, reliable, and affordabile

Industrial Technologies Program

Home: BestPractices: Tools and Publications: Software Tools: FSAT Qualification

PSAT Introduction

Software Tools

Pumping System Assessment Tool Qualification
List of Qualified PSAT Specialists

« By Last Name

+ By Company
« By State

Earn recognition as a qualified pump system specialist in the use of DOE's Purmping
Systern Assessment Tool (PSAT) software by attending a qualification workshop.

; PSAT helps users assess energy savings opportunities in pumping systems, relying on
T““"f & . field measurements of flow rate, head, and either rotor power or current to perform the
Publications assessment. Using algorithms from Hydraulic Institute standards and mator
- Software: Tnols petformance characteristics from DOE's Motorhaster+ database, PSAT quickly
e estimates existing pump and motar efficiency and calculates the potential energy and

B licaioge ihrary cost savings of a system optimized to work at peak efficiency.

- Energy Matters

=
L
Q
(=
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o
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Dernand is high for the software and training, and continues to grow. To meet the
dernand, and increase the number of PSAT experts to assist end users, DOE is
working with the pumping industry, and its Allied Partner, the Hydraulic Institute, to
train and qualify expers in the use of PSAT.

The gualifying workshops prepare professionals with extensive experience in pumping
systems to use PSAT in their system assessments, Participants leamn:

How to accurately acquire input data for PSAT

How to prescreen pumping systems to select the "ital” systems for further
review

How to use the PSAT software

The difference between measurements and requirements

The importance of a system perspective

Participants who complete the workshop and pass a gualifying exam will be recognized
by DOE as Qualified Purmp System Specialists, and will be listed on the BestPractices
Web site. Specialists assist industrial customers in using PSAT to evaluate their
pumping systerns.




PSAT specialists are listed on
the DOE web site

http://appsl.eere.energy.gov/industry/bestpractices/qualified specialists/tool.cfm?software id=2#find

Qualified BestPractices PSAT Specialists: by Last Name

T indicates Qualified BestPractices Ihstructor

|lA|B|C|IDIE

|IGIHII[I[KILIMIN

SITIUIY IWI[Y]

A

Mame E-Mail Phone

Adarms, Bill wadams@flowserve. com 269-226-6203

Ahlen, Arne aahlend@apiweb.com 404-872-8807 ext. 205
ahblgren, Roy¥ rovy . ahlgrenditt. com 247-966-3700

Allen, Jim
Anderson, kent

jallen@flowserve. com
andersonka@schofield. army. mil

7L7-485-8021

8058-655-1410 ext. 1108

Angle, Tom#* angle@weirsp. com 201-530-7808
Back to Top
B
MName E-Mail Phone
Bell, Lloyd lbell@flowserve. corm 406-240-2232
Bennington, Stewven stevebi@rampump.com 513-247-5334
Bettis, Morris nbhettis@tencarva.com 423-802-8028
Bihl, Mark mhbihlfmpeerlesspump. com 317-924-7362
Bird, lim jhird@flowserve.com 410-7E6-3227
Biver, Paul paul.biver@@itt.com 31E5-558-7339
Bolles, Steve¥ sabollesiprocessenergy. com G03-537-1286
Brashler, Keith kbrashimgte.net 360-201-6066
Butts, Edward epbpe@ijuno. com E03-589-1115
Back ta Top
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Find Additional Training

Visit the DOE BestPractices Training
Web site:

wwwl.eere.energy.qov/industry/
bestpractices/training.html e

Industrial Technologies

BestPractices

Bestractices Home

See the Training Calendar for events =" S
in your area: E e O
wwwl.eere.energy.gov/industry/ e .
bestpractices/events_calendar.asp = =

Become a Qualified Specialist:

appsl.eere.energy.gov/industry/
bestpractices/qualified specialists/
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See the “Industrial Energy Savers”

Web Site

e 20 ways to save energy now

e Tools and training you can use to identify savings

opportunities

Industry expertise available

Assessments for your plant

Develop an Action Plan

Learn how others have saved
» Access the National Industrial

Assessment Center (IAC) Databasel

U.S. Department of Enorgy
'/ Energy Efficiency and Renewable EN@Tgy ... oo momous e wiee meriy

"""""""" Lower your pla nte gy b II
Develop an Action Plan Reducing energy costs can b adjusting a dial. Get

e WWW.energysavers.gov/industrymanagers.htmi
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EERE Information Center

On-call team of professional engineers, scientists,
research librarians, energy specialists, and
communications information staff.

Voice: 877-337-3463
E-mail: eereic@ee.doe.gov

Web site: wwwl1.eere.energy.gov/informationcenter

PSAT Introduction




Web Site and Resources

Visit these DOE Web sites for the latest § s .
Information and resources:

Industrial Technologies Program (ITP) Web site:

wwwl.eere.energy.gov/industry/
* Fact Sheets

BestPractices Web site: * Newsletters

www1.eere.energy.gov/industry/bestpractices * Tip Sheets

e Brochures

Save Energy Now Web site: * Reports
www1.eere.energy.gov/industry/saveenergynow * ioftlware
00IS
e Data
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