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PSO User Day 1
TIME DESCRIPTION SLIDES PERSON
09:00 - 09:30 Welcome and registration Tl
09:30—-11:15 |[1. Pump System Optimisation AW
2. The Systems Approach AW
3. Pump Types SW
4. Pump System Fluid Relationships SW
11:15-11:45 TEA
11:45-13:45 |5. Pump Performance Characteristics AW
6. Pump System Energy Use AW
13:45 - 14:45 LUNCH
14:45 - 16:45 |7. Introduction to PSAT / Measur SW
8. Case studies SW
16:45-17:00 SUMMARY OF DAY 1
R e &
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PSO User Day 2
TIME DESCRIPTION SLIDES PERSON
09:30-11:15 |9. Valve Tool AW
10. ASME standards AW
e Organising the assessment SW
* Conducting the assessment SW
11:15-11:45 TEA
11:45—-13:45 |11. Data Collection & Analysis AW
e Data gathering AW
e Measuring Flow, Pressure, Power SW
* Analysing the data SW
13:45 - 14:45 LUNCH
14:45 —16:45 |12. Example: Systems analysis AW
13. Class Test SW
16:45-17:00 SUMMARY OF DAY 2
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01. Pump System Optimisation

Pump Basics

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)
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What is Pump System Optimization? BN s

* Pump system optimization is a systematic approach to evaluate high
energy use pumps and identify energy savings opportunities.

* After prescreening pump systems, potential savings of the selected
pumps are determined by measuring, pressure, flow and power in
the field. This data is combined with pump system operational data
to determine an energy use baseline and the true system
requirements.

e The DOE - PSAT software tool can be used to provide a preliminary
savings analysis. If there is a good opportunity, a more advanced
analysis can be performed to determine the most cost effective
improvement for pump system optimization.
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* Requires Financial Justification
* Consider Life Cycle Costs

* LCC considerations

* Purchase costs

* |nstallation & Commissioning costs
* Energy costs

e Other operating costs
 Maintenance costs

* Down time costs

* Decommissioning costs

* Environmental costs
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Comparing Life Cycle Costs EE) e

Vehicle vs Pump & Motor System

ltem Motor Car Pump & Motor
Initial energy cost rate $ 0.50 /litre $0.12 /KWh
Energy inflation rate 10% /yr 10% /yr
Operating extent 32 000 km/yr 7 000 h/yr (80%)

Common assumptions

 Discount rate = 8%
* Non-energy inflation rate = 4%
e Lifetime = 5 years
@ ::s: ..:"E_/‘:.}.. L 2&.__;,“& i b.;f; Slide Courtesy of Oak Ridge National Laboratory 1-10
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Miscellaneous

« $10 000 purchase
10 km/I
« 32 000 kml/yr

»  Purchase
i 42%

1St year energy cost:
$1 600
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The US DOE Best Practices Program encourages a three tiered
prescreening and assessment approach that includes:

* Initial prescreening based on size, run time and pump type.

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

e Evaluating the opportunities and quantifying the potential savings.
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Primary & Secondary Prescreening .ﬂ'_

Primary Secondary

All plant » Big loads Big centrifugal
motor systems that run a lot loads that run a lot
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Seldom used, Non-centrifugal,
small loads ASD loads

Policies and '
Prachices Highest
Priority
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Moderate
priorit)
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02. The Systems Approach

Pump Basics

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams

o &
R 1, P L PP ERRTJOPIS 3o
road Ny i 1 48 b TNDISTRIAL MOGERNISATION CENTRE




Systems Approach ;

Electric utility
feeder

Transformer

Motor breaker/
starter

I
— Adjustabl
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At each interface, there are inefficiencies. The
goal should be to maximize the overall cost
effectiveness of the pumping, or how much

flow is delivered per unit of input energy.

The adjustable speed drive, when present,
will have an impact on the function of
several elements.

Motor H Coupling

Pump H

speed drive
(electrical) x

Fluid
system

Ultimate
goal
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e Utility system - Line losses (minimal)

* Transformer — Typically efficient

* Breaker/starter - Negligible losses

e Adjustable speed drive - To be discussed (briefly)
* Motor - To be discussed (briefly)

* Coupling - Losses should be minimal

* Pump - To be discussed

e System - To be discussed

* Ultimate goal - To be discussed

FEAR b s ‘
%\p fﬁ} : yu ..:"E_/‘T..}..: mﬁr&&ﬁa’:& Qef Slide Courtesy of Oak Ridge National Laboratory 1-17

W TReGES o

s £ 9



-~

g -~

Typical High Efficiency Motor Curves 2E). s

SAVE TODAY ... POWER TOMORROW

100 efficiency 1800
90 >< 1798
20— - e = 1796 150 kW (200hp)
. T0- r;_,=~~.1E§‘>< — 1794 4-Pole
= ‘{‘3-
& 604 e - 1782w
= o~ @
S,
5 o / o Poay o0 &
< / \ s
D 40 gﬂﬁﬁ \ 1788 3
R / © \
30 - 1786
\
20 — 1784
10 52
0 | | | | 1780
0 20 40 60 80 100 120 140 160 180 200
Load, h|] OAC ZAEZODE
AR an & &
%"*‘,@ R %u“mm; - 1-18




m [ Jy
P u p LO S S e S Z, - Egyptian program for promoting
= e 7NAustrial Motor Efficiency
B  SAVE TOODAY .. POWER TOMORROW

 Pump efficiencies can (and do) on the other hand vary a lot:
From O to about 85%

* The pump efficiency depends strongly on where the pump is
operated on its performance curve
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What is the purpose of the system? : e
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It is essential to understand the ultimate goal of the fluid
system to optimize it.

* Understand why the system exists

* Have clearly defined criteria for what’s really needed

e Understand what's neqgotiable and what's not

gﬁ%} i é ‘; Slide Courtesy of Oak Ridge National Laboratory
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Fluid Power Output — Pressure Flow Relationship

Head

The fluid
power
produced by
the pump is
proportional to

the size of this
blue square

Fluid Power delivered
by the pump is
proportional to

Head x Flow

v\Duty Point

Flow
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Output:
= Flow Rate x Head x Constant
= Fluid Power

But which flow rate?
And which head?

MCC

FEAR b s ‘
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* Incorrect system data and assumptions
e Safety factors added

* New system components

* Increased duty

* Changing suction head

* Dynamic process conditions

e System and pump wear

* Flow control
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Some system requirements will vary in time

*Seasonal loads (chilled water, associated tower water, etc).
*|Industrial processes with variable output
* Potable and waste water, large daily variations
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* Centrifugal pumps and fans are typically designed to handle
peak flow/volume requirements that typically occur for only
short periods.

* As aresult, they frequently operate at reduced flows/volumes,
often by being throttled.
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Daily Flow Fluctuation Example 2=} e

Flow rate

I
12 am 6 am 12 pm 6 pm 12 am
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Annual Flow Fluctuation Example '|.f?.%"J?&::ra:;%':;?;&?:xsa
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Average flow rate

1 2 3 4 5 6 7 8 9 10 11 12
Calendar month
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Sorting the months by flow rate... "_gg%puu;tnﬂ,.;rmaﬂﬂffﬁﬁgﬁg;ga

Average flow rate

'8 7 6 9 5 10 4 3 11 12 2 1
Calendar month
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Peak flow By tracking flow rate over time, a "flow
J duration"” curve is developed

« Understanding how the flow requirements
varies over time is a crucial element in
optimizing fluid systems

Flow rate

Annual hours above a certain flow rate ° % hly
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 Diagram #2 shows the same total flow pumped
by two pumps.
* The 140 |/s pump only operates 2,000 hours

* Diagram #1 shows a large pump operating
for 8,760 hours per year at a flow rate of 140

|/s — total flow is represented by the area
/ der th P y per year and a smaller pump rated for 60 I/s
ungerthe curve. operates for 6,760 hours
Diagram #1 Diagram #2
150 150
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03. Pump Types

Pump Basics

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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e Centrifugal pump systems
account for 73% of pump
System energy COnsumptiOn Positive Displacement Pumps 27%

Centrifugal Pumps 73%

frﬁfé‘? Aqu"a C%
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——— End Suction

__Roto-Dynamic | Sp“t_ Case _
Pumps — Vertical Turbine
(Centrifugal) ——— Special Pumps
» Jet Pumps
Pump « Vortex Pumps
Types - Regenerative turbines

Reciprocating

— Displacement — * Piston
Pumps * Diaphragm
Rotary
* Peristaltic
* Progressive Cavity
* Multiple Gear-Lobe

VT S PR et 1-33
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Examples: Centrifugal Pumps =} e

Vertical, close
coupled

End Suction

FEARY fam & g ) .
g\g’y ... SR Y i i gef Figures courtesy of ACR Publications 1-34
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Centrifugal Pump Flow |§%|. rra

Common centrifugal pump flow configurations:

b

Mixed Flow Axial Flow

SR ..{m ‘
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Centrifugal Impellers

Centrifugal impeller types:

Semi-open Open Closed

¢ m-r_n ../% g . S
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Examples: Displacement Pumps
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Screw Pump
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04. Pump System Fluid Relationships

Pump Basics

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
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Pumping Effort (Output) )

* The ability for pumps to move water is based on the energy contained in a
mass of water

 Pump output is measured in meters of head. The three common terms used
to express this energy in water is:

oElevation / Pressure Head (Static Head or H,) = Lift the fluid

oVelocity Head (H,) - Create kinetic energy
oHead loss due to Frictional Losses (H;) - overcome friction

Total Head (TDH) =H+H, + H;
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Head (m) = Pressure in kPa /9.8

Hs (static head)

7\ P SHUT OFF
VALVE
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Velocity head (H,) is the amount of energy required to cause the water to
move at a given velocity. This is represented by the following relationship:

H, = V?%/2g V = Velocity in meters/second
g = acceleration due to gravity (9.8 m/sec?)

To determine velocity, the following equation can be used:

V=Q/A Q-=Flowin m3/sec
A = the cross sectional Area of the inside of the pipe in m?

Velocity head is usually below 0.5 m and can often be considered minimal
for many water pumping systems

“ﬁ%’? e &8 2)& ‘?
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Head Loss due to Piping Frictional Losses

* Frictional Head loss (H;) is the loss of energy due to the friction of the piping
materials and is expressed in meters of head. This can be determined
theoretically using:

The Darcy Weisbach Equation
or
The Hazen-Williams Equation

* H; can be determined more accurately in the field using actual pressure
measurements

@ =2 £ 2 e
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Estimating Pipe Friction Loss W
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* Pipe friction loss estimates are usually based on an equation referred

to as Darcy-Weisbach
* This equation is very useful to understand what parameters influence

frictional losses in piping

H; = pressure drop due to friction (ft or m)

H.=fx L Xlz f = Darcy friction factor
f d _
20 L = pipe length (ft or m)

d = pipe diameter (ft or m)

V2
29 - velocity head (ft or m)

(@ N é ‘? Slide Courtesy of Oak Ridge National Laboratory
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Total energy is constant along a frictionless streamline

2
\/_12+ Ii-l-zl — \/_2+ &+Z2
20 ¥ 29 Y
—W
/ S
1 — 5 >

\ e P = pressure
—L V =velocity |
y = fluid specific weight
g = gravitational acceleration
Z = elevation head

f) g Slide Courtesy of Oak Ridge National Laboratory 1-44
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We can slightly modify the Bernoulli equation to account for
friction:

> Hydraulic energy at
point 2 is lower than at

> point 1 because of the

> friction loss, so we

-

|

balance the equation
by adding it here

é@ ¥ é g Slide Courtesy of Oak Ridge National Laboratory

2 S 20 Y et gef 1-46
e e al® 4B gt i INDYSTRIAL MOQE e THeGES cag




Eggptian program for promoting
‘ndustrial Mutor Efficiency

lllllllllllllllllllllll

e Valves

* Elbows

* Tees

* Reducers/expanders
* Expansion joints

 Tank inlets/outlets

In other words, almost everything that the pumped fluid
passes through, as well as the fluid itself

7 ; A &
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Piping Frictional Losses |J|.

* Piping component frictional losses are also primarily dependent on
experimental data

* For pipe components, frictional losses have generally been estimated
based on the velocity head.

K = loss coefficient
(K is a function of size, and for valves, the

valve type, and valve % open)

2
V
H f = Kx 2—
g e
— = Velocity head
29
@ ::fl ..:"E_/{.}..: ﬁﬁﬁmﬁ:ﬁ; ;g".; Slide Courtesy of Oak Ridge National Laboratory 1-48
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Typical K values for miscellaneous pipe components “1??'_ T
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Component Component K
90° elbow, standard 0.2-0.3
90° elbow, long radius <0.1-0.3
Square-edged inlet (from tank) 0.5
Discharge into tank 1
Check valve 2
Gate valve (full open) 0.03-0.2
Globe valve (full open) 3-8
Butterfly valve (full open) 05-2
Ball valve (full open) 0.04-0.1

G ul.m ‘
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Specific Gravity / Relative Density |j|.
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* Specific gravity is the relationship of the weight of a fluid referenced to the
weight of water at 16.7 °C.

* For purposes of evaluating water pumping systems, a specific gravity of 1.0 can
be used at a temperature range of 0 °C to 26 °C . However, if water temperature
increases, the specific gravity will decrease and decrease pump power.

* If a fluid other than water is being evaluated, specific gravity of the fluid must be
included in pump calculations.

* If relative density is used instead of density the power will be expressed in kW
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System Curves
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What is included in the system? L T
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Everything that comes into contact with the fluid being
pumped
* Pipes

e Valves
* Bends
* T’s
* Etc.

N2 prdlchir o e e g"E" &9 1 . 5 2
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System Head Curve: All Static System =ﬁ'_

50
40 4 | Static only
Lifting action only
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5
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O | | | |
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Flow rate (ms/hr)
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System Head Curve: All Frictional System |§fj|.f?.%"u‘;%"ﬂ‘:rﬁzz?o':;?;;’;;‘::.‘sg
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50
Friction
40 - only
" Moving action only

£ 30 -
©
o
9 20 -
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0 200 400 600 800 1000

Flow rate (m3/hr)
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Friction Head

Moving & lifting

Total Head

10 - Static Head |—

0 I I I \ A / :

0 200 400 600 800 1000
Flow rate (m3/hr)
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The effect on the system head curve when the static head changes

50

New System Curve
40 - due to an increase in

static head \ ........

T \ New System Curve
10 94 static head due to a decrease in
static head
O | | | |
0 200 400 600 800 1000
) , Flow rate (m3/hr)
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System Effects: Changes in Friction Head ' = | ndusiva ot fiency
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The effect on the system head curve when system friction changes

50

New System Curve due
40 4| to higher friction head ~—

New System Curve due

10 94 static head to lower friction head
O | | | |
0 200 400 600 800 1000
| " > Flow rate (m3/hr)
EEARY by (e
%@ ... S %«wmm; - 1-57
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Mostly
static
head

All
- frictional
head
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Reducing Friction Losses With “Pigs e

SAVE TODAY ... POWER TOMORROW

THE RESULTS. ..

Restored Flow: It iz not uncommon to double flow (and more) it old lines.
Reduced Pumping Costs: Power saving can be dramatic i large hnes.
Cleaner Product: Irnpaurities such as Eed Water can be eliminated.
Pleased Customers: Due to good results and minimum serce downtime.

ket OEFORE
o 250 GPM

AFTER

g 850 GPM
In the case of removing heavy
buildups from pipes a "progres-
sive” pigging method is used
which maximizes cleaning safety.

Sources: http://www.pipepigs.com/services.htm
Lm 2% & http://www.pipepigs.com/images/pigsmain.jpg
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05. Pump Performance Characteristics

Pump Basics

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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* A pump adds energy to a fluid

* Pumping increases pressure(energy)
in the fluid

* Pumps deliver: high pressure / low
flow or high flow / low pressure
(and everything in between)

Reliability and energy use are highly
dependent on Operating Point of
the pump

&
o= 1-61
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I' . High Pressure

Low Flow How do we vary the
operating point?

w—

Pump Curve

Head
or
Pressure

Operating Point
or Duty Point

Low Pressure

.ﬁ“g*w-fil High Flow

System Curve
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Pressure Flow Relationship 2E). s
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Fluid Power is proportionalto Head x Flow

Head

The fluid \__——— Duty Point

power
produced by
the pump is

proportional to

the size of this
blue square

Flow

1-63
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Important Fundamental Relationships |'_
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_ Flow rate (I/s) x Head (m) x Rel. Density
Fluid Power (kW)

102

Fluid Energy (kWh) = Fluid Power x operating time

Reduce the run time

Reduce the flow rate Reduce energy use, cost
Reduce the head

o & ?Q : : :
‘ng{:} TR T o Dt e gef Slide Courtesy of Oak Ridge National Laboratory 1-64
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Nameplate Operating Point ||. e ot

Nameplate data applies to one particular operating point

50 =
Head
40 CaPaCity (b um
P) CUrve
£ 30 4
©
5 /
N 20
Rated:
10 - 715 m3/hr, 30 m
O 1 | 1 |
0 200 400 600 800 1000

Flow rate (m3/hr)
%ﬁ{* g, i £ tatiar Sy o Qf_fﬂg Figure Courtesy of Oak Ridge National Laboratory 1-65




Pump Efficiency Curve EE) e

50 - 100
40 80
£ 30 - 60 9%
e
0
L 20 o 40
Q,‘{\\* 7 Rated:
104 % 715 m3/hr, 30 m 20
/
0) -|l I I I
0 200 400 600 800 1000
Flow rate (m3/hr)
@ ::2' - _‘;'-E_g__: mﬁﬁmﬂ‘:&; ﬂ_g"gf Figure Courtesy of Oak Ridge National Laboratory 1-66
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Shaft Power as a Function of Flow Rate |§'_+g*g;;g:;g;g;;';‘o':;;;;’;;'g;,‘gg

100

g0 &

L

60 —

2

40 @

“7\_

20 S
0 I I ] I 0
0 200 400 600 800 1000

Flow rate (m3/hr)

‘ﬁ@ i é ‘; Slide Courtesy of Oak Ridge National Laboratory
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Pump Curve Shapes Vary |;J|. e o

160 ~
140
S 100
© AN
Q g N EL..'E’
T N\

60 Shut off head
40
20 End of curve [
0
0 1000 2000 3000 4000 5000

Flow rate (m3/hr)
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Efficiency Curves Vary |J|. T s s
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100 -
80 -

=

> 60 -

-

@

'S 40 -

L
20 A
O ! ! ! 1 1

0 1000 2000 3000 4000 5000

Flow rate (m3/hr)
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Example: for different types of centrifugal pumps

100 -
Y

NO @ A
E 80 K pumpP Note:
5 60 - — There is still power
% PUMp 2 even with zero flow
2 40- —
£
0y 20 -

O | | | | |
0 200 400 600 800 1000
Flow rate (m3/hr)

&
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Affinity Laws
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Affinity Laws for Centrifugal Pumps ) i

Relation between * Changes to centrifugal pump performance is
«  Pump Speed (N), governed by the Affinity Laws.
* Impeller Diameter (D) * These laws show how performance is affected when
. Flow (Q) the pump speed is changed, or when the impeller
diameter is changed.
e Head (H)
«  Power (P) For changes in speed For changes in diameter
— Noew — Dyey
NTIEW DTLEW
HnewzHold*(Nld)z HnewzHold*(Dm)z
—_ NTIEW 3 — Dnew 3
Pnew_Pald* N, Pnew_Pold*(Dld)
(AR i £
gg:} oo ,:"Z"‘;: %u“mm; 19.;; 1-72
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* For speed changes, 50
the efficiency lines
follow the affinity

aws

80.5 (BEP)

/.

= 80
° ° ° U
e |so-efficiency lines can T 20
T

ve overlaid onto o, 00o
head-capacity curves 10 - >y 0% Cog
02
O | | | | |

0 200 400 600 800 1000 1200
Flow rate (m3/hr)

(@ i é ‘: Slide Courtesy of Oak Ridge National Laboratory
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Change in Impeller Diameter |J|. g g
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* For multiple impeller
diameters, the
efficiency lines
do not follow the
affinity laws

Head, m

0 T I T I T I T
0 200 400 600 800
Flow rate (m3/hr)

(In most cases the 251mm impeller would be the largest)

4

{7 n &
%@p piaT g e b o Dt i e _“Qf_fw Slide Courtesy of Oak Ridge National Laboratory 1-74
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* Pump impeller will be most efficient
close to maximum diameter.

A smaller impeller will be less
efficient, but the system energy
savings will be large.

* Replacing or trimming an impeller is
an option, usually for fixed load
applications

RS, an &3 & 5
==
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Affinity laws only apply to the friction losses. A
Static losses are constant at different speeds.
4 S 100 Design Point
T £
@ o
I A o
§ N S
2 50 1 = Fuli Speed
A System Curve 2 N2 = 0.0 N1
Friction System Static N3 = 0.8 N1
head Head '
l SystemCuve 1 N4=07Ni
0 1 | i ! i
Y 0 20 40 80 80 100 120 140
i\ % Design Fiow
Static . .
head Therefore, systems with low static
| head tend to be better candidates for
Flow VSDs and thus for energy savings.
EEARY ;1}': c/% g
%%é 4““ . s Zﬁm;m&\fﬂﬁ“@‘;‘n‘&"aﬁ; _mg,,?f 1-76

e e ——



ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

Fluid Flow Control Methods '_

_b On Off Control Fluid flow is controlled by switching pumps on and off .
This often requires a multi pump arrangement.

Bypass Lines Bypass allow the fluid to flow around or past the production or system
component, when the fluid flow is not required.

A throttle valve restricts the fluid flow so that less fluid can flow through the

Throttle Valves pump, and also creating a pressure drop across the valve

depending on the fluid flow required.

Impeller Trimming For specific process speed requirements the pump impeller may be trimmed
in order to redefine the operating point of the pump more efficiently

Fluid flow is controlled by the actual speed of the pump and includes:
Fan Speed Control 1) Mechanical (Gears, Belts, Fluid Couplings)
2) Electrical (Variable speed drives (VSDSs)

- o r=
N2 i 1 ven 24 s iy et e raaaN Syl o2 mg,,,(_; e 1 - 7 7

_@ Multispeed Pumps Pumps that have been fitted two speed motors that can switch between speeds
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H=12.7 —=

10 -

10 -

Pump is off
A0%: of the

tima g -

Throttling
P=7x12.7=89 H
\-\
~— P=100 10 -
H=6.6—+
5
0
] 5 10 Q
Q=7
On-off control
H
Pump runs
70% of the time| | P= m“fu'am =70
P=10 *10 = 100
10 -
H=64—
5 -
0

2 % .F“(‘M'Cﬂw')-‘)‘
INDUSTRIAL MOQERNISATION CENTRE

Bypassing
P=12_4x6.6=82
0o & 10 T Q
Q=124
VSD control
P=Tx6.4=45
oy
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Relative power consumption
on an average flow rate of
70% with different control

methods
Control Energy
Throttling 89
By Passing 82
On-Off control 70
VSD control 45

1-78
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« It is fine to use the affinity laws to explore the possibilities with impeller
trimming for better pump and system matching, but don't get carried
away. Get actual performance curves from the manufacturer, especially if

the trim change being considered is large.

« The affinity laws will generally not tell you where on the curve the pump
will operate or give you correct estimates of possible energy savings,
except for systems without static head

(AR an Py &
N P ez § f
N, 27 ARG b M, ol A0 ) e lialt Syt 3500 ge 1-79
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Pump + System
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um

Very Important

(P
The pump will always operate where the system and

pump curves intersect since at that point we have

balance between what the system demands and
what the pump can deliver.

1-81
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 The intersection 20
between the pump 40
and system head -
capacity curves = 30 4 o>
defines the operating S 50 Vi
. |
point - operating point or duty p:oint
10 - = 800 m3/hr at 27.5 m head
i
O | | | :
0 200 400 600 800 1000
Flow rate (m3/hr)
@ ::f: - ..:"E_/‘:.}..: ﬁﬁﬁmﬁ:&; ;g"g Slide Courtesy of Oak Ridge National Laboratory 1-82
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* The shaft power 100
curve for this ' |
. < 80 -
pump indicates 072
that the power at g 60 - :
H |
800 m3/hr is about o :
- |
75 kw = 40 |
c |
L
o 20 - :
- |
|
0 | I I I
0 200 400 600 800 1000
Flow rate (m3/hr)
@ ::f: ..:":'Z-J_/{.}.. = ﬁﬁﬁmﬁ:ﬁ; ;g".; Slide Courtesy of Oak Ridge National Laboratory 1-83
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* The operating point 100
at slightly greater - T !
than the pump Best = :
Efficiency Point(BEP) czf 60 1 :
O |
flow rate S 40 - SEF |
= (81% @ 715 m3/hr) | _ :
LL I Operating point
20 - '| (80% @ 800 m/hr)
|

0 200 400 600 800 1000
Flow rate (m3/hr)

g{?y . P N gef Slide Courtesy of Oak Ridge National Laboratory 1-84
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Operating a pump...

 atareduced flow rate
 with three different system curves
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 Change in speed for
the all frictional
system results
in maintenance of
constant pump
efficiency

0 I I I I I

0 200 400 600 800 1000 1200
Flow rate (m3/hr)

FEAR b e ‘
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* |n a system with 20
static head, 40 - 0 80.5 (BEP)
pump efficiency - &
does not remain = 30 A
fixed as speed o 20 /~ 75
changes - il 709, |
10 - Static S o/o "[Je
Head 700/ 9y o
(/]
0 - | | | | |
0 200 400 600 800 1000 1200
Flow rate (m3/hr)
@ ::2: 3%-; ﬁfm&ﬁaﬁ ;9".; Slide Courtesy of Oak Ridge National Laboratory 1-87
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Change in Speed: All Static System

* |n a system with
Only Static Head, 80.5 (BEP)
the effect is even
more dramatic Static Head
System
Curve
0o
S
p@ed
O | | | | |
0 200 400 600 800 1000 1200
Flow rate (m3/hr)
Slide Courtesy of Oak Ridge National Laboratory 1-88
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Operating a pump...

o With 50% flow, 400 m3/hr (half the original requirement)
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Half Speed: All Frictional System '_

* To develop 400m3/hr 20
in the all frictional 40
system speed is -
reduced to 50% of = 30
. S
the original 3 20-
5 0
10 0% speed ! 400 m3/hr, 6.9 m
1-------- (10.4 kWe)
0 I : I I
0 200 400 600 800 1000
Flow rate (m3/hr)
@ o:f: a _“%_‘_ 2&_““'&“” g Slide Courtesy of Oak Ridge National Laboratory 1-90
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Half Speed: Static & Frictional System
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* To develop 400 m3/hr 20 ,
in the mixed static / 40 0o, SPeey
frictional system, - 78.5 —
(1)
: - 97
speed is reduced to = 30 * Speey
o . S o
78.5% of the original S 50
1L / |
10 o 400 m3/hr, 21.9 m
(34.6 kWe)
|
O | I | |
0 200 400 600 800 1000
Flow rate (m3/hr)
@ ::2: ..:“E_/i}..: ﬁﬁ;‘m‘tﬁ&“a’:& -ﬁg Slide Courtesy of Oak Ridge National Laboratory 1-91
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* To develop 400 m3/hr 50
in the all static head 100% S
. 40 Peeqy
system speed is 86_5% s
reduced to 86.5% of E 301 Peeg!
the original ks
@ 20 - l
400 m3/hr,:27.5 m
10 (44.7 kWe)
O | E | |
0 200 400 600 800 1000

Flow rate (m3/hr)
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NPSH (Net Positive Suction Head)
and CAVITATION
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CaVitation = Properties Of a LiqUid ‘,rx Egyptian program for promoting

* Boiling point of any liquid proportional to temperature and pressure

(At sea level, water boils at 100 "C)

* As pressure drops, so does the temperature at which the liquid will
boil

(At Higher altitude — lower atmospheric pressure water boils at
a lower temperature)

* An area of low pressure is always present at the impeller eye

* If the pressure is low enough the liquid will boil at room temperature

7 ; A &
3 2 = ZXX gef
£ . R D L 1-94
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 When the pressure at the impeller eye is low enough, it causes the
liquid to flash and form bubbles of vapour in the liquid.

 When the liquid/vapour bubble travels further into the impeller the
pressure increases and the vapour bubbles start to collapse.

* This phenomenon of bubbles forming and collapsing is called
cavitation.

e Cavitation is harmful to pump operation because it reduces the
pump’s performance and can cause structural damage to the
impeller vanes.
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Impeller cavitation regions

cavitation -

Fig. 10 edge

www_cheresonrces. com
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Cavitation Bubbles and Cavitation Damage
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Cavitation Damage
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Cavitation Damage

Waste water
lIft station
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Cavitation Damage T —
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NPSH_ should be greater than NPSH,
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* Centrifugal pumps cannot suck

* Centrifugal pumps require a positive suction pressure

* The pump manufacturer will indicate at what inlet pressure the
outlet pressure has fallen 3%.

* This is called the Net Positive Suction Head Required. (NPSHTr)
« At that pressure cavitation is already taking place.

* The avallable pressure NPSHa has to be higher than the NPSHTr In
order to avoid cavitation.

GER i /\3 ‘
N ey g sl =N e g ef
s B f(edesem O 1-101



NPSH Required - (NPSHr) 2=} s

e Centrifugal pumps require enough pressure on the suction
side of the pump to prevent flashing in the impeller eye.

* This flashing reduces the pump’s performance and can
damage the impeller.

* The amount of pressure required for a specific pump is
determined during the design of the impeller and is
confirmed by testing during performance tests.
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Cavitation Intensity

Incipient cavition

-\-\-‘-\-\_._\_\_\_\_\--\-\-\-
0% Head drop
3% Head drop

7 10% Head drop

Minimum
NPSHR S

» Test result for one constant flow
* NPSHR increases with flow.
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Typical set of OEM Curves
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NPSH Available - (NPSH,) )

 The available pressure at the suction of the pump is called Net
Positive Suction Head available

NPSH, =H, +-H,—H,+H, - H,

 Ha — Atmospheric pressure

ap

o Absolute pressure
o Includes tank pressure if a sealed tank
o Dependant on altitude
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Hz — Vertical height between water level and pump centreline — positive suction head

Suction Vessel

Discharge

s

\\__ Suction
Flow —- {5
|l: ]‘ e 4l ||Centreline
L/ of Suction
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NPSH Available (Hz) LJ_

Hz/ (Hs in Fig.) — Vertical height between water level and pump centreline — suction lift

Flow

Discharge
Sucﬁon Centre"ne
]| of Suction
Flow —tH——> |
H T 7
Hs
Y

Liquid Level
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NPSH Available (H; and H,) |J|. ot e

* H,—friction loss through the suction pipe and fittings
oAlways negative

oAdversely affected by valves, strainers, narrow pipes

* H,— Velocity head at pump suction
oKinetic energy of the water = V?/2g
oGenerally Negligible and can be ignored

* Normal suction 1m/s Hv = 0.05m

* 2m/s (bad suction design), Hv = 0.2m

G s & 2% ‘;’
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NPSH Available (Hvap) e
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Hvap — Vapour pressure of water
: VAPOUR PRESSURE FOR WATER
* Pressure required to keep
water in its liquid state
* Varies with temperature e °
> = O
a2,
0N -
L
o § 3 /
x < 2 /
o
25!
< 0 e
>
0 50 100 150 200
TEMPERATURE - CENTIGRADE
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* The pump sounds like it is pumping rocks!

* High vacuum reading on suction line
* Low discharge pressure

* High flow rate
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Cavitation Remedies S ) s rorn oot
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To increase NPSH available in the system:

 Unblock suction line (remove debris in pipe, clean strainer, clean out suction tank)
* Increase suction line diameter

* Raise liquid level or lower the pump

* Move pump closer to tank

* Fully open suction line valve

 Use a booster pump

* Sub-cool the liquid
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S

To reduce NPSH required by the pump:

 Move duty point left on curve

* Use oversize pump
 Run pump at slower speed
 Use a double suction impeller (two eyes)

* Use alarger impeller eye diameter (higher suction specific speed impeller).
Lower inlet velocity due to increased area for the same flow.

e Use an inducer (special type of impeller)
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Pump Reliability
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Pump reliability is a function of operating point

r 3 Pump Curve Sensitivity for Pump Reliability
Lowar mps ller Lie Characteristic
Low Row Cavitation Life -MTEF
j / suction Feclreulation
/ Cdschalg e Eeclreulation 1
E )}‘ ................................................................................................................................... I'I
= | |High Temperaturs RIS S —en S N o —— 0.92 " n
i Low Baarlng and B :
- est Practice
2 Low Seal LIt _10% to +5%
........................................................................................................................................... 3' -0.53 *
Best Efficiency Low bearing and seal ITs =
i =
Point Cavitation T
(=4
..................................................................................................................................................................... 010 * n
Feliability Curve Pump Curve
Good Practice
—30% tT +15%
>
Flow
@ 2 L - | |
W g e e o byt ey _«Q,M‘ Figure Courtesy of P. Barringer.
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Pumps in Parallel & Series

L sz o N gef Ll




Parallel and Series Pumps ' ;f'_ e

Parallel pumps - sum the flow rates at a given head

(to add flow, add pumps in parallel)

Series pumps - sum the heads at a given flow rate

(to add pressure, add pumps in series)

Parallel and series pumping “laws”, like the pump affinity laws apply to the Pump
Curves only
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Parallel Pumps s
Parallel pumps >0 Note: this is for
Identical pumps
can help adapt to 40
changing system £ 4
requirements %’
and provide £ 20 - 7 2 3p
redundancy 2, My Ps
10 %, S
©
0 ' I ' I '
0 1000 2000 3000

Flow rate (m3/hr)
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Parallel Pumps for Different Systems

‘ndustrial Mutor Effluencg
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50 925 m3/hr 1112 m3/hr

The effect of turning
on a parallel pump
also depends on the
nature of the
system:

e Static only
* Friction only
e Static & friction

0 - | | I

0 500 1000 1500 2000
Flow rate (m3/hr)
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Multiple pumps in parallel
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Pumps in Parallel

Case Study at Reboiler in an Ethanol Plant
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Reboiler Pumps #1 and #2 (2 e
;T 3‘lV[ TODAY ... POWER TOMUQRO?’

(8}

iy

8

Vo
st aine

-
M i o

Beer
Column

Reboller

3.6m

1.1m

Q

32m

Q

BC Boiler Pump
Energy Use:

On

#1 (119.6 KW)

'

#2 (120.4 kW)

Energy Cost for Pump #2 : 120.4 kW x 8500 hours =
1,023,400 kWh @ $ 0.12/kWh = $ 122 808/ year
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[5)GOULDS PUMPS|  cenTRIFUGAL PUMMP CHARACTERISTICS A et
RPM 880
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14022321 88I% — —
O.peratmg two pumps o NRVE? Actual Head 32m }”
Instead of one only s N o —r | e
increases flow by 6% in e RN ”
. . S~ \ o =~ 30
this case, but increases oIS { % L
system annual energy o \_&N‘ \‘\ 1Y Two Pumps ||
COSts by $ 122 808 é ] X One Pump
o T T 7T K ' T 19
- foos T
:3:0 /f
i 7/ = Flow increase w/ 2" pump: ~ 20 I/s
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Operating Pumps in Parallel )

Using a variable speed drive with 2 pumps in parallel

« With one full speed pump and one pump on VFD, the full speed pump
might dead head the speed controlled pump if the speed is reduced
too much.

* In systems with static head this can also happen if both pumps are on
speed control.

 The same phenomena occurs with two identical pumps if one is more
worn than the other and as a result has a lower shut off head.

Be careful of installing VSD’s with multiple pumps
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Operating Pumps in Parallel )

One pump at full speed and one with a variable speed drive

60 : : : |
: s Pump#Zz

At fuII speed Total Flow is
45 SO - / 180 I/s at 90%

speed

....................

Speed 0. % s
0 : : : —28p Scy
0 50 100 150 200 ?QQ

Flow rate (l/s)

: SRR W SR - Y 3 \
: : : (/)
Pump #l at Full \ /R 4{)@@0

@ 2 8 b S «QC; Pump 2 risks getting dead headed oy



Operating Pumps in Parallel 2=} s

Both pumps equipped with variable speed drives

60 . |
Total Flow is ~160

I/s when both
45 - ........................ ................ ouMps are at 90%
: : speed

B
.
. .
. .
.............................. o oo cecesscscccscccsccsd
.
- . .
. .
. h
. . .

Pu ps #1 an@ #2

Head, m
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Pumps in Series
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Pumps in Series R T —
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150
For identical pumps in
: pUTP 125 - 3Pun,
series: Ps
» Add heads of each g 100 - 2 pumps
pump together at S 75+ |
. () A
the g|yen flow rate T . 1 pump
to estimate overall . !
performance
O | | T |
0 200 400 600 800 1000
Flow rate (m3/hr)
@ ;:2‘ ..:“E_/i}..: ﬁﬁ;{&;‘n‘;‘a’:& N_Q'ff Slide Courtesy of Oak Ridge National Laboratory 1-127



System Curve & Two identical Pumps in Series |ﬁ'_ yptianprogram for promotin
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150
Pressure and flow
125 = increase for 2
pumps in series
c 100 - |
re]
y4-30 2
S : Pumps
........................ : pump
25 = :
|
0 I d| I |
0 200 400 600 800 1000
Flow rate (m3/hr)
@ ::2: ;‘%: ﬁﬁ&"m}m’:& ;gng Slide Courtesy of Oak Ridge National Laboratory 1-128
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06. Pump Systems Energy Use

Pump Basics

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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Power Used by a Pump EE) e
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I/s x m X relative density
102

Hydraulic power (kW 4) =

Pump input power (kW,,,) = _ydraulic power
(or motor output) Pump efficiency

. Motor output power
Motor input power (KWgo.) = PR P

/ Motor efficiency

Motor Operating Cost = Motor input power x Operating hours x per unit electricity cost

SR \ ; ' o ‘ . . .
g@ o _.;%}.___ Z gef Slide Courtesy of Oak Ridge National Laboratory
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>ome Basic Equations " Wt

Fluid Power = Head (m) x Flow (lI/sec) x specific gravity
102

Energy used
Pumped Volume

= Specific Energy

= P._-Time P
S V Q
Power = kW

' a2 &
@ = = 2”\ gef
2 T g e oo by e . 1-131




Expanding the equation... (=) s
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Flow (I/s) x Total Head (m) x Relative Density

kWelec = 102
X ﬂp X Nm X Nysd
N, = pump efficiency\
- b
ow System Ig\(el = motor efficiency > Component-level
Total Head Opportunities Im = - y Opportunities
Nvsa = VSD efficiency
kWh = kW x Hours
(R i L..ﬂ ‘
’g@ oo ,:";:"';: %““‘mfm*:& - 1-132
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Specific Energy (E) |,ﬂ|. o oo et

* The amount of energy needed to pump one unit volume
through the system

 The Specific Energy varies with flow-rate
* A good way of comparing pump system performance

ie. how much bang for your buck
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Specific Energy Ratios |. et o
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The power and ratio of volume per unit energy or energy per unit volume

Sta“(fn';ead m3/h Speed (%) | Power (kW) m3/kWh Es= kWh/m?
0 800 100 79.5 10.1 0.099
0 400 50.0 10.4 38.5 0.026
20 800 100 79.5 10.1 0.099
20 400 78.5 34.6 11.6 0.087
275 800 100 79.5 10.1 0.099
27,5 400 86.5 44.7 8.9 0.112 T

Note 1) the power values for the 800 m3/hr assume the motor being driven directly (ASD bypassed)
2) The increase in kwh/m3 at27.5m

’ﬁ*} o & &
& R == e devease O8F 1-134
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Pump System Energy Representation |2'_
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Useful Energy = Head x Flow

System curve with
Head valve fully open, S1

-

> Flow

60 I/s
Energy losses

in pump and
motor
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Throttling: Duty Point Moves to Left on the Pump Curve ' '.".’.%"J'St"ri‘;'f&'Z’Fu‘fi%’f'{’c'?é’,‘.‘é‘ﬁ
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Lost Energy in: _ Pressure drop i|_’1 the valve
Motor .| System Curve with makes the friction losses
/  Valve s1 curve steeper. The system
Head curve gets steeper and

steeper as the valve
closes. 2 valve-positions
shown

/ \ > Flow

r

301/s
Useful energy System curve with valve fully open

fiB . & &
g\ﬂw Py i SR W 9 L150
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Throttling: Duty Point Moves to Left on the Pump Curve ' ﬁ'_ i pen b o
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Wasted Energy in

Motor, Pump and Head Pressure drop in the valve
t S3 makes the friction losses
larger and the system
curve steeper. The system
curve gets steeper and
steeper as the valve
closes. 2 valve-positions
shown

I ngve

S1

//'15 - \ > Flow

Useful energy Needed System curve with valve fully open
flow

/‘- - - R
T R £ X &
- g vt NOTSTRIL MIOERMSUTIN CENTRE e og 1-137
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How does a VSD save energy? |J'_

The pump curve changes, not the system curve

NO
Wasted Head 1 S3 System curve with valve fully open
Energy ea
\ S1

With a smaller pump or a
slowed down pump, the
\ same rate of flow can be
delivered without the large
losses in the valve

i — | > Flow

Useful energy the same as before. Valve
losses are eliminated
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Why systems and not components?

* The following slides show test results from a throttled system at a
paper plant

* The different system curves refer to design, normal operation and
un-throttled operation

Only Delivered Fluid Power is considered
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The Case for Systems Optimisation "t:i'_
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Measured data at two 160
operating points: 140 —

 Max operating flow 120
 Max unthrottled flow

Head, ft
)
-
|

30 - om Curve pased Data collected

Sﬁ:,mhrﬂm ed test data during special test
10 - ofn

| |
0 2000 4000 6000 &000 10000 12000 14000 16000 18000

Flow rate, gpm
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The Case for Systems Optimisation E ~;:;"'_ aptiorgn oo
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The rectangular area 190

represents the power 140- _
required during max 120
. 110 -
operating flow 100
90
80 —
70—
60 —
50
40 —
30

20

10

0 | | |

0 2000 4000 6000 &000 10000 12000 14000 16000 18000

Flow rate, gpm

/‘- - - g ‘
Qﬁ%? e ;%é 2 S gef
2 T L e i NULSTRIAL MIOERSATIN CENTRE et sg 1-141

Head, ft

Data collected
during special test
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This rectangular area 190

represents the actual 140 -
; . 130 — .
fluid power required 120 -
i . 110
during max operating 100

flow if the throttle oo

80 —
valve was fully open o
50—
40 -
30 om Curve pased Data collected

20 . unthrottied test data during special test
10 0

B | | |
0 2000 4000 6000 &000 10000 12000 14000 16000 18000

Flow rate, gpm

(AR an 8 &
INID¢ P e : gef
L I = . 9 1-142

Head, ft




The Case for Systems Optimisation

The red area represents
the wasted power

The actual delivered
power is 270% more
than required because
the use of the throttle
valve

1, , Egyptian program for promoting
'*—. '- rndustrial Motor Efficiency
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Head, ft

160

150
140
130
120
110
100
90
&0
70
60
50
40
30
20
10

m curve pased Data collected
? ottled test data during special test

0 2000 4000 6000 &000 10000 12000 14000 16000 18000

Flow rate, gpm
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Result of Test |r'. ndustral Motor ffciency

* The pump is delivering 2.7 times more fluid power than
needed

* The difference in delivered fluid power dwarfs any
differences due to pump efficiency that could be obtained
by changing pumps

* Thus there is more to be gained from looking at the system
than at the components in this case
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And you think this doesn’t happen? ':“%.f:‘a"u‘;%"ﬂ‘:r?5:';;?;?;;’;:‘::;3;
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=]

Gate valve throttled on next
floor up so can’t be seen
from the pump floor
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Motor Considerations
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Typical High Efficiency Motor Curves '_

100 - efficiency — 1800
90 \ —1- 1798
150 kW (200hp), o0 -
70 — 1794
4-Pole 5
& B0 - -1792 @
= b
e 50 Pegy 1790 &
é 40 \ 1788 3
* 504 \ 1786

20 — 1784

10 - — 1782
0 20 40 60 80 100 120 140 160 180 200
Load, |"||] DA 20 82008
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Effect of an Oversized Motor '_

Virtually negligible for loads above 50%

90
80

70 - | p— Possible load range|——

60

50 -

Efficiency, %

40 -

30

20 1 —— 200 HP[]
— 250 HP
10 — 300 HP|[
| 400 HP

0+ T T T T
0 25 50 75 100 125 150 175 200 225 250

Shaft power, hD DAC 2162008

FEARY i ) g
N b =) f I I Zl 8
] M oL A0 Aot ag b 38 e ge -
== ey et a4 i 2oa INDTSTRIAL MOGERMISATION CENTRE TG crg




Effect of Oversized Motors ."‘3"’*'"_ stea ot Eenty
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200 -
The difference in 190 v
. /
power consumption 180 A
: 170 o
for oversized motors o0 P
: . e
IS minimal Z 150 —
o 140
5 ’
2 130 v
120 ]
110 #f’,s”f
- —_— 200 HP
100 ~ — 250 HP
90 < 300 HP
400 HP
801 i 1 | T i i
100 110 120 130 140 150 160 170 180 180 200 210 220 230 240 250
Shaft power, hp DA 21162008
HIRY ;1}': c/% g
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07. Introduction to MEASUR (PSAT)

Pump Systems Software

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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Introduction to MEASUR (PSAT)

 New integrated software tool developed
by the US DOE (Department of Energy)

U.5. DEPARTMENT OF

« Contains the legacy software: ey () MEASUR
« PSAT (Pumps) ke o o e Ry i s
* FSAT (Fans)
e SSAT (Steam)

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.

( \)

Properties & Equipment Calculators

I‘ \ E I ( | r : C e SS I I e at) Create Pump Assessment il General |l Process Cooling
- | formerly DOE Pumping System Assessment Tool (PSAT) § Compressed Air i Process Heating
il Fans i Pumps
Create Process Heating Assessment i Lighting i Steam
‘ formerly DOE Process Heating Assessment and Survey
Tool (PHAST) fa Motors [ Waste Water

Create Fan Assessment

 New features include:
* Waste water assessment
* Motor inventory
* Report generation

formerly DOE Fan System Assessment Tool (FSAT)

Inventory Management
Create Steam Assessment JEEY st

formerly DOE Steam System Modeler Tool (SSMT)

Create Motor Inventory
Create Treasure Hunt based on DOE's MotorMasters tool
Energy efficiency calculators for facilltating a Treasure

Hunt
Create Data Exploration
based on DOE's LogTool

wna THeGE org
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U.5. DEPARTMENT OF

ENERGY

Energy Efficiency &
Renewable Energy

Add New ~

Home

& All Assessments

B Pump test 1

gcF

& Examples
= Toy Factory
B Pump Example
& New Assessment
n Treasure Hunt Example
& Steam Example
@' Fan Example
& Process Heating - Fuel Example

Data Exploration

All Calculators
General
Compressed Air
Fans

Lighting

Motors

Process Cooling
Process Heating
Pumps

Steam

Waste Water

Settings

Custom Materials
Tutorials

About

Feedback
Acknowledgments
@ Translate

v0.9.2-beta @

INDISTRL

(

¢

Tool (PHAST)

Create Fan Assessment
formerly DOE Fan System Assessment Tool (FSAT)

Create Steam Assessment
formerly DOE Steam System Modeler Tool (SSMT)

3]

Create Treasure Hunt
Energy efficiency calculators for facifitating a Treasure
Hunt

Create Waste Water Assessment
Based on the Bio-Tiger Model for Wastewater Treatment
Plants

=

[ View All Your Assessments

&

e lhalt g gef
AL MOQERMISATION CENTRE

W TG cg

Create Assessment
‘Mo‘deﬁl ﬁstw id-xp.r@wp.oﬁrr'ﬁat'nn ﬂ:en.arf
| L
* ol
L 2
¢ Create Pump Assessment
. | formerly DOE Pumping System Assessment Tool (PSAT)
*
4 P 7
L J N . | )
LN (“e%te Process Heating Assesa Ng & ]
formeﬂ/ a)ﬂi’r!)e!s *aﬂ'rg!lssessmenf and Survey

Welcome to the most efficient way to manage and optimize your facilities' 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.

)

Properties & Equipment Calculators
Generate detailed properties and test a variety of adjustments.

4 .ﬁ General
5 Compressed Air
“ [ Fans
A Lighting
i@ Motors

Inventory Management
Create and manage equipment inventory.

Create Motor Inventory
based on DOE's MotorMaster+ tool

Create Data Exploration
based on DOE's Log Tool

Source: US DOE

f# Process Cooling
f# Process Heating
g Pumps

f# Steam

fE Waste Water

Egyptian program for promoting
ndustrial Motor Efficiency

SAVE TODAY POWER TOMORROW
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Pump System Assessment Tool (PSAT) oo e
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e Goal: to assist pump users in identifying pumping systems that are
the most likely candidates for energy and cost savings

* Requires field measurements or estimates of flow rate, pressure, and
motor power or current

* Uses pump and motor performance data from Hydraulic Institute
standard ANSI/HI-1.3 and Motor-Master+ to estimate existing,
achievable performance

AR o -/3 ‘
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PSAT: Can be used both as a Component tool and as a System tool

* For a given operating point, PSAT searches for the highest pump efficiency possible at
that point

* |t also searches for the highest motor efficiency available to drive the found pump at
that point

* It calculates the cost of operating at the point in terms of kWh used and S

* PSAT can also be used as a system tool if the minimum flow and pressure needed for
the process are entered instead of current head and flow

AR b ../3 ‘
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Introduction to PSAT: Input Fields

PSO User Training 1
Lot sz Sep 14, 2021

Assessment Settings BN Pump & Fluid

a Motor

R C ETI) Assessment  Diagram  Report]

n Field Data

PSO User Training 1
.
= Last modified: Sep 14, 2021

n Assessment Settings u Pump & Fluid

B Motor

=]
—
pensm————

e

Egyptian program for promoting
‘ndustrial Motor Efficiency

SAVE TODAY POWER TOMORROW

YR G TN Assessment  Diagram  Repo

PS AINING 1 SETTINGS

Language
Currency

Units of Measure

Head Measurement
Flow Measurement
Power Measurement
Pressure Measurement

Temperature Measurement

PSO User Training 1

Last modified: Sep 14 2024

n Assessment Seffings n Pump & Fluid

Translate Application Using Google Translate

[ 5-US Dollar v
Clmperial

®@Metric

OcCustom

| Meters (m) v|
| Cubic meters per hour (m*/h}) V|
[ Kilowatts (kW) v|
| KiloPascals (kPa) v|
| Degrees Celsius (°C) V|

Pump Type

Pump Speed

Drive

Fluid Type

Fluid Temperature
Specific Gravity
Kinematic Viscosity

Stages

| End Suction ANSIAPI |
[1780 [rom]
| Direct Drive V‘
[ water |
ss *C

[og7 |
o838 cst

(=[] |

AL MOQERNISATION CENTRE s TReGES org

MOTOR

Line Frequency
Rated Motor Power
Motor RPM
Efficiency Class
Rated Voltage

Full-Load Amps
Estimate Full-Load Amps

PSO User Training 1

()
= Last modified: Sep 14, 2021

Assessment Settings a Pump & Fluid

[ 50 Hz v
15 [kw]
[1460 [rpm]

| standard Efficiency

[400

[29.61

B Motor

FIELD DATA

Operating Hours
Electricity Cost
Flow Rate

Head

Calculate Head
Load Estimation Method
Motor Power

Measured Voltage

[& 8780

[o.12

[102

5404

| Power

[15

450
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Introduction to PSAT: Output Result

e Results from initial output provide the baseline energy consumption.

* Next step is to add in saving opportunities and evaluate energy savings against
the baseline

*  PSO User Training 1 _
® VSO Tl Assessment Diagram Report Sankey Calculators
= Last modified: Sep 14, 2021
Assessment Settings Pump & Fluid Motor Field Data
n 9 u p a n  ¢gWEENEEEEESEESEESESEEESEENEEEEEEEENN,
v -
FIELD DATA .’ RESULTS “ HELP
ol Baseline L
- ||
Cperating Hours ’E‘ 5000 . Percent Savings (%) _ .
Electricity Cost Pump efficiency (%) 705 ™
ectnety Los |0'12 S Motor rated power (KWV) 15 [ |
Flow Rate | 102 'l Motor shaft power (kW) 134 :
Head |35 ":,] Pump shaft power (kW) 13.4 -
Calculate Head - Motor efficiency (%) 891 ™
Load Estimation Method | Power | 3 Motor power factor (%) 814 un
|
Motor Power | 15 r:] : Percent Loaded (%) 20 -
Weasured Voltage |400 E fivE efnciency (%) 100 U
Motor current (A) 27 u
] Motor power (kW) 15 u
- Annual Energy (MWh) 120 .
. Annual Energy Savings (MWh) —_ ™
] Annual Cost $14,400 u
u Annual Savings — -
. ]
Y L4

*
*

Q’@ :";": \’6 ‘ ...-l.l.llIIIIIIIIIIIIIIIIIIIII‘
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Existing Optimal  Units Exustlng Optlmal Units
%
90 kWY
kY

Pump efficiency
Motor rated power
Motor shaft power

Input data

Pump rpm 5] 1780

Drive Direct drive_ W
Pfrur?dp __ = : Pump shaft power Res u I tS
' — ; Motor efficienc 953 | |%
Kinematic wscosny (cS) gl 1 .00 Kinematic viscosity (cS) » Motor power factnyr 250 %
Specific gravity ¥i1.000 Specific gravity 5| Motor current 1196 | [amps

#stages gl | #stages |

Motor power 81.9 kWY
Fixed specific speed? RIS Fixed specific speed? Annual energy 717.3 ‘M\Nh
Line freq. B0 Hz vl Line freq. ' B0 Hz v]l i Annual cost 359 $1000
= : E ‘-
iz 110 Annual savings potential, $1,000

Motor rpm ﬁ 1780 | Motor rpm &| 1780

f A Optlmlzatlon rating, %
Eff. class Energy efficient Eff. class Energy eficient  w| ‘

Motor LOgt
: Create new
Yoltage gl »ﬂﬁﬂl Yoltage gl 480' Eiiéﬁng:summary.ﬁies summary file
Estimate FLA Estimate FLA 1l CREATE NEW v|
Full-load amps H‘_-]I 1669| Full-load amps 166.9 Condition A Notes| Documentation section
Size margin,%am Size margin,%ﬂl_u|
Duty, Operating fraction gl 1.000|| Operating fraction 3| 1.00 Application | | Evaluator | |
ond $ikwhr 3/ 0,08 I General comments
Flow rate, m"3/h ‘| 5[[0
Head, m §| A0.0 =
I 0ad estim. method Power w Load estim. method Power w T e
Motar qu 100.0 Motar k¥ al 100.0 Faciity l—l System I—I bte |
Vaoltage & Voltage 5| 460
! oltage ST of g ol Application | | Evalustar | |
d T T EEEEENR

@ = L X o
%!“' N T D L - 3 elal Cguasd o5 e g 1_157

g e o 4 \aphitd e DTSTRIAL MOQERNISATION CENTRE wna THeGE org
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Building
To illustrate, let’s @ 9737
consider a real-world > Multiple L
. HX’s
chilled water
pumping application _
Suction
strainers

é@ 3";"1 cn) ‘ Slide Courtesy of Oak Ridge National Laboratory
N2 g o S o T gef

AL MOQERNISATION CENTRE wana THeGEs crg 1 1 5 8




Introduction to PSAT: Example )
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Initial Focus Area: Building Our initial
The part surrounding 9737 @ focusarea

Multipl
secondary pump J106 e [

Suction
strainers

aﬁfﬁ; :n;r: & ‘ Slide Courtesy of Oak Ridge National Laboratory
i&” g ..‘..‘:"2_‘:'3.‘.1' e esliah dpdeniila gef 1'159
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P U m p Data | .- Egyptian program for promoting

Observed:

* Suction Pressure 216 kPa
* Discharge Pressure 557 kPa
e Gauge elevation 0.43m

 Total head 35.2m
 Flow rate 102 m3/h

Photo Courtesy of Oak Ridge National Laboratory

Df”(; 5&'?‘), v -/:\') g

UN b &= f

Y — N L Atlleal® Sygodern S50 ge 1_160
T ALNV=£on o 4 \aphitd e INDTSTRIAL MOQERMISATION CENTRE W TG cAg




= e PNAUStrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

Using PSAT Head Tool |J'_

_TJ PUMP HEAD TOOL INPUTS
e Suction Pressure 2.16 kPa

l Suction tank elevation SIS RN EETL]]

e Suction Diameter 50 mm

* Gauge elevation 0.43m

Ks represents all suction losses from the tank to the pump

K4 represents all discharge losses from the pump to the gauge Py

s Specte Gravy - ~+ Discharge Pressure 2.16 kPa
Flow Rate |454.25 | m3/n| ’

Suchon Discharge e Discharge Diameter 50 mm
Pipe diameter (ID) |304_79 [mm | Pipe diameter (ID) |394_;r9 [mm]

Gauge pressure (Pg) |34_47 | kPa | Gauge pressure (Pg) |g54_95 | kPa ® H

Gauge elevation (Zg) |3_g5 |_‘ Gauge elevation (Zg) |3.@5 I'T‘ G d uge € I evat 1on 0'43 m
Line loss coefficients (Kg) |O_5 | Line loss coeflicients (Ky) |1 |

Generate Example Reset Data

wna THeGE org

® * A n.. &
N - e o i i g 1-161
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PSAT Head Tool — Legacy Software 7 e

Type of measurement configuration
- Suction tank elevation, gas space pressure, and discharge line pressure V'I

e K, represents all suction losses from the tank to the pump

units converter tool K represents all discharge losses from the pump to gauge P
EgN/EEEEEEEEEEEEESR EEERER EEEEEEEEEEEEEEEEEEEEEEEEEEF RN EEEEENEEEEEEEEENENEEEEENEEEEEEN IIIIIIIIIII.
Su Ctl on E Suction pipe diameter (ID) gl 200.0| mm E E Discharge pipe diameter {ID) 3| 200.0|mm E DI SC h arg e
E Suction tank gas overpressure (Pg) g| 0.0|kPa2z  Discharge gauge pressure (Pd)5|  124.0|kPa E
Data a Suction tank fluid surface elevation (Zs) 3| 10,00/ m E E Discharge gauge elevation (Zd) ﬁ[ 5 l'_l[] m E Data
. Suction line loss coefficients, Ks 5] 050 E = Discharge line loss coefficients, Kd ﬂl ‘ .
:IIIIIIIIIIIIIIIIIIIIIIIIIIIIlllllllllilllllllllll.:IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII-

Fluid specific gravity I 1.000 Flow rate g] 500. EI| m*3/hr

Dont update Accept and update Differential elevation head | 500 m

Differential pressure head [ 12,67 | m
vanel _ Differential velocity head [ 1. UU‘ m
Estimated suction friction headl 0 5[1 m

. Estimated discharge friction headl 100
System of units: m*3/hr, m, KW :

- 8 5 < Total Pump Head
‘Q“g&-{z < »: o8 z‘:{i:: DTS TRAL WeaERSAIoN CoNERE ...g.f—,; g 1- 1 6 2
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Nameplate:
15 kW

e 1460 rpm @ 50 Hz
e 400V
e 29.6 A (full load)

IEO (standard Eff)

o : @
p’ﬁq—f;\-. fap =) g
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RESULTS HELP
Baseline

Percent Savings (%) —_—
Pump efficiency (%) 70.9
Motor rated power (KW} 15
Motar shaft power (KW) 134
Pump shaft power (kKVWW) 134
Motar efficiency (%) 891
Motor power factor (%) 514
Percent Loaded (%) 89
Drive efficiency (%) 100
Motar current (A) 27
Motar power (kW) 15
Annual Energy (MWh) 120
Annual Energy Savings (MWh) —
Annual Cost $14,400

Annual Savings —

(I Y W\ -~
i{’y T --’9"."‘-...;:;: L;('. A llal® rg i 3 0 Q 1_164
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There is > 158 kPa pressure drop
across the throttled valve; the
downstream pressure was measured to
be 379.2 kPa (3 meters above floor)

Suction gauge: 216.5 kPa
Discharge gauge: 379.2 kPa

Gauge elev. difference: 2.0 m

Total pump head: 18.6 m

This is the net required head

@ S &
Wy o e T e 17 g Slide Courtesy of Oak Ridge National Laboratory 1-165
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Opportunity: Install VSD instead of Throttle '

*  PSO User Training 1 _
° System Setup Diagram Repq

= Last modified: Sep 14, 2021

Explore Opportunities Modify All Conditions

Novice View Expert View

Opportunity:
SELECT POTENTIAL ADJUSTMENT PROJECTS
[ } U S e a VS D i n Ste ad Of a Select potential adjustment projects to explore opportunities to increase efficiency and the effectiveness of your system.

throttle valve for flow

Modification Name |Use VSO Instead of Throttle

ContrOI @ Install VFD
 Flow Is the same
» Head required with B -

throttle 1Is 35.2 m , Hemd
) o

o Head reqUIred Wlth sz»a/ Drive Efficiency
. Direct Drive |_o‘

and no throttleis 18 m

End Suction ANSI/API Optimize Pump

70.87 %]

The efficiency of your pump has been calculated based on your system setup. Either directly modify your efficiency or click "Optimize Pump” to estimate your
pump efficiency based on a different pump type.

Baseline Modifications

[J Adjust Operational Data

[JInstall More Efficient Motor

wana TGS crg

W & 2& &
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Output Results

= ~ndustrial Motor Efficiency
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” , } Egyptian program for promoting

ort Sankey Calculators ‘ [ — ‘ ®_ ‘
. Use V3D Instead of Throttle :
S aVI n g S : Selected Scenario
RESULTS SANKEY HELP
Baseline Use VSD Instead of Throttle
 Original cost $14,400
Percent Savings (%) —_—
« New cost $7,882
 Will save 45% of baseline Pump efficiency (%) 709 709
. Motor rated power (kW) 5 15
Consu m ptlon Motor shaft power (kW) 13.4 07.2
Pump shaft power (kW) 134 06.8
° f k h Motor efficiency (%) 89.1 88
SaVI ngs O 55 OOO W Motor power factor (%) 814 60.9
Percent Loaded (%) 89 48
Dnive efficiency (%) 100 95
Motaor current (A) 27 17
IMotor power (kW) 15 08.2
Annual Energy (MWh) 120 65
Annual Energy Savings (MWh) _ 55
Annual Cost $14,400 $7.852
Annual Savings —_ $6,548

AR - A ‘
INIDH Gy o . gef
‘Gﬂ?& i e o -:::d-;‘k::\::: mmsm\ﬁmx‘iﬁﬁnﬁa’:& 1 B 1 6 7
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Pump Demand and Supply EE) e

* There is often a difference between what the pump is
providing the system and what the system really needs

* Try to think in terms of demand, not supply

%@ i T B T gef Slide Courtesy of Oak Ridge National Laboratory 1-168
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08. PSAT Case Studies

Pump Systems Software

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams

o &
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Case Study 1

Welches Point Wastewater Lift Station
(Milford, Connecticut)
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Welches Point Wastewater Lift Station ' '.‘?.%"u":t“n‘;'rm'i‘o'fiﬁ'{’c':‘:,‘:;‘g

The Welches Point Lift Station cycles pump(s) on/off (run 43% of time) to control wet well level

Gravity Flow

(Not to scale) Conduit
El. +11.3 m
14.2 m static Ground
(average) El. +6.4 m
Alarm | El. -1.76m 1 pump operating:
HHWL(2) | El. —2.06m 260 m3ih
HWL (1) | El. -2.15m v 18.4 m total head
Power =57 kWe
LWL
I 3 identical pumps,
/_l
& each 75 kW
Floor
_ & El.-5.6 m
@ A DO MRSV VR .ﬂ.g.f,»,f.‘.g Slide Courtesy of Oak Ridge National Laboratory 1-171




Pump Capacity
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100 —~
2500 * >
g0 &
o 2000 Less than 2000 g
@ 2leim =
The um dESi N (o) 92% of the time 60 ©
P . P 5 3 1500 (average = 1430 gpm) E’
capability greatly 3 S
%) | Hours/year 40 g
exceeds the normal = 1000 . >
o Cumulative =
operational T time (%) 20 5
&
requirement I =
q 0 E | /= 0 O
Q Q Q Q Q Q Q Q Q
<O xO <O xO xO <O xO xO <O
N Y S Y oS S S > X
N U\ S . . I
Inflow rate range, gpm |

NOTE: Average pump flow rate = 3350 gpm
1-172
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Efficiency of Original System |. et voror Efrence
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| xistl Optimal  Units
End suction sewage W . SrTTE |
= - Pump efficiency 70.4 83.2
Motor rated power 5 A 55

Motor shaft powe 54.0

Operating fractifn 5| 0.427 Pump shaft Wr I
$!kwhr,'|i'. g2 | Motogﬂﬁency I |
_Flow rate, 3 3 760 Motorpwer factor ||| 80.3 | [I[ 82,0
2! 1 |
I
I

Kinematic viscosity (cS)
Specific gravity s}

[7<1 NEN N
Sl g N
| ]~

# stages

Fixed specific speed‘?ﬁ
Line freq. Eﬂ-’lﬂz’??:'yf
W 75
Motor rpm aai 1170
Eff. class Eﬂyﬂg efﬁcrant W

/Motor current

Motar power
Annual energy |
Annual cost 175 JlIL_14.8

The efficiency is not all that bad

p’/N R ;n;r: L_/S 2& 3;
%‘:{& ey -‘L':?u{i‘-: o ety i 4 ge 1- 173
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1 1 1 |
0 230 450 680 900 1100
Flow rate, m3/h

?’/N— ) Ay & . ) )
g&p L= i o Ve gef Slide Courtesy of Oak Ridge National Laboratory 1-174
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Frictional Losses Increase with Increasing Flow Rates ' E) s
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Excessive frictional
head losses occur when
higher than necessary
flow rates occur

| | | |
0 230 450 680 900 1100
Flow rate (m3/hr)

FEAR b s ‘
12@ L .:“Z_/‘:}..: ﬁfﬁ&ﬁaﬁ g.ff Slide Courtesy of Oak Ridge National Laboratory 1-175
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* The station processes 2.84 million m3 of water/year

 What if we pumped at lower flow rates?

Average operating hours and head at different flow rates:

Flow Rate Hours / Year % of time on Head (m)
760 m3/h 3,741 0.427 18.4m
565 m3/h 5,013 0.572 16.5m
450 m3/h 6,267 0.715 15.7m
340 m3/h 8,356 0.954 15.0m

e e ——



Optimized Pump at 565 m3/h
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Existing Optimal Units

End suction sewage v Pump efficiency

Motor rated power

Pump rpm & 1970

Ll

Drive Direct dnve v

Motor shaft power

Units  m*3/hr, m,

Kinematic viscosity (cS)

Pump shaft power

Motor efficiency

Specific gravity v 1.000
# stages gl—
Fixed specific speed?

Motar power factor

Motor current
— Motor power
Voltageal 4@3 Annual energy
Annual cost

Line freq. B0 Hz v

KW 75 w

Motaor rpm j[ 11?’8

Eff. class Energy efficient  w

T p g
@ =2 £ X o
‘g,?b Pt i mmsmﬁ;mfniafa’-:& waTheGE org 1 - 1 7 7
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O pti m i Ze d P U m p at 45 O m 3/h :} Egyptian program for promoting

Existing Optimal  Units
80.5

Pump efficiency |||
Motor rated power |||
Motor shaft power| |||
Pump shaft power |||
Mator efficiency | ||| 92.9

|
|
|
|

Motor power factor
Motor current
Motor power
Annual energy
Annual cost 13.2

Eff. class Ens@éfﬁﬁ’m:‘i | Annual savings potential, $1,000
Optimization rating, %

wana TGS crg

® £ . %
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Optimized pump at 340 m3/h
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Existing Optimal Units

End suction sewage W Pump efficiency

Motor rated power

Voltage

Pump rpm 37170
Drive Direct drive W Motor shaft power
Units _m?S/hr, m, kW ¥ {  Pump shaft power
Kinematic viscosity {(cS)« 1.UU -
Specific gravity v 1.000 Pl hotor efficiency
#stages 1 | Flow rate, m*3th [~ 340 Motor power factor
Fixed specific speed? I :rli_eaﬂd::tuil Heta:'dm g' 15.1 Motor current
e oad estim. method Power w
Al —Eﬂ-'f"—— S Motor power
KV 75w Motor kv 5| 19.3
Motor rom 311170 Voltage 5[ 460 Annual energy
Efi. class Energy efficient  wr Annual cost

T p g
0k ’} o & 2& gef
‘k‘:-{b praib et o e byt i v TreGES crg 1 B 1 7 9
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After Optimisation Q'_

w—

* One lift pump replaced with a smaller pony pump

Gravity Flow

(Not to scale) Conduit
El. +11.3 m

Ground
El. +6.4 m

Alarm | El. -1.76m Large pump:

760 m3/h
HHWL(2) | El. =2.06m 18.4 m head)

57 kWe

Original

pump .
Pon Pony pump:
WL y 438 m3h

pump Origina 15.5m
— pump 27 kWe

Floor
El. 5.6 m

R an .-/3 §>Q ‘ 1-180
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The pony pump operates efficiently at lower 7j
. . . . ©° | Egyptian program for promoting
flow rate, eliminating 2/3 of the frictional losses |r'- ‘ndustrial Motor Efficiency
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The pony pump operates

efficiently at lower flow 27
rate, eliminating 2/3 of the R
frictional losses @

The sizing of the original
pump, the availability of
adequate spare capacity,
and nature of the system
made use of a variable

speed drive less attractive 9

| | | |
for this particular system 0 230 450 680 900 1100

Flow rate, m3/h

Reduction
in friction

Head, m

£

.ﬁﬁ} o & 2& ‘?
» —_—
A - — _wu-n.a 200 ~ o a - e
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After Optimisation (Smaller Pump Installed) (

Existing Optimal Units

Pump efficiency
Motor rated power
Motor shaft power
Pump shaft power

:'D Motor efficiency
0.0820 Matar power factor
Motor current
Motor power
Annual energy
Annual cost

Eft. class Energy effisient v Annual savings potential, $1,000 I

Voltage 5| 46
_Estimate FL ,’I |

Pump rpm 2 70

Drive Dire ““’“.‘ 7

Units _m"3hr, m;:.l%W .'Y

Kinematic viscosity (CS) ‘T‘?.
Specific gravity wi1-

2 [E UV IE 4N S

kW

Optimization rating, %

wana TGS crg
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Conventional pump in a 3-pump
sewage lift station:

New Size:
438 m3/hr (1 928 gpm)

Original Size:
795 m3/hr (3 500 gpm)

: . 1-183
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Case Study 2

Demineralized Water System
at OAK RIDGE
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Demineralised Water System at Oak Ridge fﬁﬁ'.f?.%"JL%",::."ﬁ;;';‘;:;;’;;:r::::g
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Now we will change from a static head dominated system to an all
frictional head system

Application:
 Demineralized water pumps used for process cooling
e Original pump and motor design (4 parallel pumps):
840 m3/hr @ 89 m head, 1 785 rpm pump
335 kW, 2300V, 1785 rpm motor
Current system requirements:
272 m3/h @ 43 m head (conservatively high)

%@ i nSER o T gef Slide Courtesy of Oak Ridge National Laboratory 1-185
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Demineralized and tower water pumping station for the
Fusion Energy Complex

AR an £ ?Q
UN { e Cjb 1 i 1
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Simplified Flow Diagram

Demin. Water pumps (4 total)

Fusion Energy
Building Loads

Flat-plate heat
exchangers

Tower water pumps (6 total)

DTSTRIAL MODERNISATION CENTRE wana THeGEs crg
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Pump Operation & System Curve .%'_

Even a conservative estimate clearly showed the effects of throttling / bypass losses

significantly more
head than necessary

120 ,',(
c 20 / ; Operatlng point
I
. |
C .
5 o0 : Conservatively high estimate Bottom Line:
- m | of actual requirement _
3 ' System producing
|
|
I

) 272

0 250 500 750 1000
Flow rate, (m3/hr)
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e Off-design operation of pumps
will result in increased
operating AND maintenance
costs

* Premature seal failures are one
consequence of off-design

operation
‘ﬁ'@ o é & Slide Courtesy of Oak Ridge National Laboratory
o i RS N 4 1-189
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Potential Savings Estimated Using PSAT ""'%a"r"‘“l}f?.%"J'&"r::."&’:TOL°;$;:c?:;‘:;

* Applying the PSAT tool to the measured conditions showed significant potential savings
* This savings could be achieved by improving efficiency of motor and pump

Existing Optimal Units

Pump efficiency
Motor rated power
Motor shaft power
Pump shaft power

Motor efficiency
Motor power factor

Motor current
Motar power
Annual energy
Annual cost

Size margln %5[—-‘
Operating fractlon 5 1’-”

Voltage § 5 ﬁi‘i

et

Eff. class Standard eﬁicmnc B 4

Potential annual savings approx. $21,600
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Potential Savings by Eliminating Throttle Losses ' '_

Condition A Condition _ Condition A Condition B|
AP| double suction  w| APW Existing  Optimal  Units Existing  Optimal _ Units
* Using required head P dfcerey o —
Purnp rpm & 1;«55 Pump rom 3 1785 Mator rated power [ 110 | fkw [ 45
1 1 Drive Direc Dnve Ditestn Motor shaft power [[103.4 ] fkw [[394 |
estimate instead of the e e e Dt de | Coer liow s
1 Kinematic viscosity (cS) 1.00 Kinematic viscosity (cS) Motor efficiency [ 955 % [ 944
d Ct ua I 0o p e rat IN g h €d d Specific gravity gh 000 Specific gravntyi’ 000 Motor power factor |[ 86.4 | |I% : 85.2
. # stages :IIT # stages IH— | Motor current 314 | |lamps 12.3
cou Id yleld m UCh Fixed specific speed? (LN o Motor power } 108.2 || kv } 41.8
. Annual energy 948.2 | IMWh 3659 |
Line freq. Hz W
reater savings e e B0z Annual cost 512 ] [s1000 EE
kw335 w |
. . Maotor rpm : i Annual savings potential, 1,000 ‘ 53.1
® Th IS SaVI ng cou Id be Efi. class Btandardnﬁ'clencyv Optimization rating, % |[_70.3 |

achieved by eliminating
the throttle losses using
a VSD

AR fap o g
U Pt o gef
‘é&#?@ —A TP L WP RSOV 8 5

—= e o 4 \aphitd e mmsmuum:mx;:‘nwaxx;

Voltage g 2300
_Estimate FLA

Full-load amps 3| 100.8

Size margin,%ﬂ]—ﬂ

Full-load amps 5| 100.8 ‘
Size margin,%ﬁ@ ‘

Operating fraction 5[ 1.000

Operating fraction ﬂ 1.000
$/kwhr 50,0540

$ikwhr 3103549
Flow rate, m*3/h 4 272

Flow rate, m"3/h 2

Motor kv 3| 154.0

Yoltage ;

Potential annual
savings ~ $53K
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e Trim the pump impeller
e Get a new, smaller pump

 Add a variable speed drive

But what was finally decided was a little unconventional

G b ../3 ‘
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% , = S 2’3 A ef

5 it \PA e oS AL WROTRUSA I VTR i~ 1-192




ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

A N Ove I SO I ut i O n 0oo0c S '- Egyptian program for promoting

 A93 kW, 6-pole (1 190 rpm) motor
was installed on an existing
demineralized water pump

* The higher number of poles meant
the motor rotated at a lower speed
(reduced from 1785 rpm)

 The motor was available as a spare
at the plant (no capital cost)

6)(}6‘ i L_f% . ; i
‘&sih"?,. = aE ke gef Slide Courtesy of Oak Ridge National Laboratory 1-193
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Avoided Throttle Losses I ——
(=) rereiieiong

Operation of the pump at reduced speed eliminated much of the throttling losses

120
[ Pun,p at 1
785 rpi
90 - n
S Avoided losses
S 60 -
qv) v P
@ ump at 119
30 - 0rom
0 I | |
0 250 500 750 1000

Flow rate, m3/hr

FEAR b s ‘
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Evaluation of Lower Speed Motor
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Caondition & Condition B Condition A| Condition B|

AP double suction | R B ATE el "| Existing Optimal  Units ) Existing Optimal Units
* The new lower Speed Pump efficiency |[|[ 57.3 |lI[ 802 ||[% [s65 ||I[ 8oz ||[%

i Pump rpm - 37788 Pump rpm 317885 Motor rated power ||| 335 [ 110 | [lkw [(235 ||l 45 kW
motor was analysed N D"VBM Drive Direct drive ¥ Motor shaft power||[[ 1446 ||I[ 103.4 ] |[kw [ 559 |[|lf 39.4 KWy
PSAT, showing a further Units G, m, KW || | by shatt power | Te26 Il 103.4 | kw || [[559 1|39 |[kw

: ) : Kinematic viscosity (‘33)3‘,11:79"3 Motor efficiency |||[ 938 ||l 255 | ||% Moot ||(Moae ||[%
redUCtlon N SaVIngS was Specnfcgrawty-'.’lf:um Mator power factor |||[ 78.0 Il 86.4 | [|% [ 492 |[|[ 852 %
pOSSib|e. Motor current |[|[ 495 IlI[ 31.4 ||famps || |[ 316 J|I[ 123 | |[famps

. Motor power ||[[ 154.0 J|I[ 108.2 | |[kwv [ 820 ||I[ 418 ||k
L'"em;% Annual energy | [[[ 1349.0 ||| 2482 || mwh || [ 52 53 | ||Mwh
T Annual cost|[|[ 728 ||I[51.2_| [$1000q 19.8 91000
. . Mator rpm ¥ il
. . . Optimization rating, % |[_70.3_
achieved by replacing the . Valtage 473560 ptimization rating, % |[ 703 ]
pump and motor with R GE] Ectimate FLA
L. . Full-load amp35 | 1008 Full-load amps 5| 100.8
more efficient units. Sie margn %3 8 Size margin %3] 0 |
Operating fraction 3| 1.000 Operatingfractionﬂi 1.000| . rg
o s ST Potential additional
Flow rate, m'3th 357 Flow rate, m*3/h 3 Savi ngS ~ $1OK
Head, m 3| 11 Head tool| Head, m & 427
Load estlm method F‘ower'.'.‘ Load estim. method—Fower W
Motor kWi 1540 Motdr kw 3| B20
Voltageﬂl 2300 Yo egf 2300

@ = L 0N ¥
2 - T ge 1-195

DTSTRIAL MODERNISATION CENTRE wana TheGEs crg




-~
w -~

: : Jy
Savings Achieved T R ——
|-~ . '. ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

S

* Annual electricity cost reduction from this change exceeds S 50 000 (other
changes also made to the system)

 Reduction in annual electrical energy was more than 900 000 kWh

* The motor capital cost was $12 000 (installation and commissioning

* Capital cost repaid in about 3 months

EEARY :n;r: @ ‘ i ' i
12@ 8 N ﬁﬁﬁmﬁ:{:& gef Slide Courtesy of Oak Ridge National Laboratory 1-196
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Other Non Energy Benefits (NEBs) |%if?“%ﬁ'_53%.:“11;%7mfm;;gg
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S

* Seal face speed reduced, seal life thereby extended

 Pump more hydraulically stable (because it now operates closer to

BEP), which means fewer maintenance problems are expected

* Noise levels are reduced - both in the pump house and in the main

Fusion Building (hearing protection is no longer required)

aﬁfﬁ; jang Sligg Courtes ak Ridge Natlona@oratory
%ﬂg e’ ‘:::‘, :._":“:":'E'_:"_:_' A A lialt G 50 gemm) 1- 197
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Case Study 3

Cooling Tower Water Pump System
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Cooling Tower Pump System e W

Multiple parallel pumps are an
outstanding idea...

BUT only when used in the correct
operational setting

* There is often a temptation to run
more pumps than are really
needed, defeating the very reason
for having multiple pumps

) . & & | -
Yy TR SO T 20 dnloar i K g?f Slide Courtesy of Oak Ridge National Laboratory 1-199
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Simplified Flow Diagram
'- rndustrial Motor Efficiency
Chiller bypass pressure
control valve \
Chillers (3)
Condenser
@ (5) pressure
control valve
Tower bypass temperature
control valve 5 Tower pumps,
each 20 kW
@ ::f: ..:“E_/‘:}..: ﬁﬁmmzwaf,; ;g"g 9 Slide Courtesy of Oak Ridge National Laboratory 1-200
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As Found Condition '_
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* One chiller in operation, but 3 or 4 tower pumps running

Bypass control valve Only one

failed open _—chiller running

XD A | chilers @3
Cooling 2
Tower
3)
Condenser pressure
@ (5) X control valve
heavily throttled

Tower bypass temperature
control valve was closed
(under manual control)

3 - 4 of the 5 pumps
normally in operation

(7 R ;n;r: é ‘ ) . .
g{?@ L L A o _gef Slide Courtesy of Oak Ridge National Laboratory 1-201
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* Repaired diaphragm in failed open bypass valve, eliminating
bypass flow

* Turned off all but one or two tower pumps (depending on time
of the year)

 Savings: about 30 kWe (S 14 000 per year)

Q.;‘?‘ ! g o s e ety i A .N.g,f,,,f,‘,g Slide Courtesy of Oak Ridge National Laboratory 1-202



Eggpllan program for promoting
‘ndustrial Motor Efficiency

lllllllllllllllllllllll

A further look revealed additional energy
reduction opportunities
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Measured performance with only one original

pump running (box around the pump & motor)

Eggptian program for promoting
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| ~ Existing Units
Voltage §| Pump efficiency ||| 56.9
_Estimate FLA_ Motor rated power |[[[ 26
Purnp rpm 4 A=
g Fullload amps Gf 421 Motor shaft power|||| 14.5
Units 1 Size margin. % S| Pump shaft power ||| 14.5
Kinematic viscosity (cS Sperating fraction !Isl = Motor efficiency |[|[_91.7
Specific gravity ; * Mator power factor ||| 76.9
# stages Motor current | 25.8
Fixed specific speed? | Motor power | 15.8
Line freq. SECIIEEEN Annual energy | [J| 138.4
kW. : ~ Annual cost 7.5
Motor rpm il i
Eff class Average Annual savings potential, $1,000/]

Optimization rating, %

Potential annual
savings ~ $2.5K

(AR [ Slige Courtes ak Ridge Nation orator
@ m SBoneopRu e Nelonlfporoy

bl G o8 e
INDTUSTRIAL MOQERNISATION CENTRE
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Rule of Thumb for Chillers |J|. sl g e e
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e Stepping back, consider what is actually required

A general rule of thumb for chillers:

3 gpm tower water flow per ton of cooling

(6 "C rise in tower water for an 80% efficient chiller)

GERY :n;r: @ ‘ . . .
g@ e - S Z?%mm:m:,; 9‘35‘,9 Slide Courtesy of Oak Ridge National Laboratory 1-205
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Load (Flow) Reduction Potential Savings '_

Estimated chiller needs, based on the 3 gpm per ton rule of thumb:

Existing Optimal

End suction ANSVAPI ]| Voltage 4| 460 Pump efficiency ||| 311 82.0
timate FLA Motor rated power 26 | 3
4 1780 .
; TEIPT. SR Fulbload amps 5[ 421 Motor shaft power| [ 14.5 56
five Diroct diive Size margin,% [ 0 ' - -
Units _m*3/hr, m, kW wr == b e Pump shaft power ||| 145 5.5
Kinematic viscosity (cS)Ai]1 ] 1 Uﬂ Opprating;fraction 1.- Motor efficiency 91.7 90.3
BRELH :Z’Z:e's ﬁ Motor power factor||[” 76.9 82.2
Fixed specific speed? (LI TR Motaor current 258 | 9.3
Line freq. 60 Hz w]| Motor power 15.8 6.1
2 ~ Annual energy | || 138.4 53.4
1 Yoltage é |
Motoipo : Annual cost 75 29
Eff. class ﬁw,e‘rggei ]|

Potential annual /
savings ~ $4.6K

0 I & & . .
T g e R e g Slide Courtesy of Oak Ridge National Laboratory 1-206
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* A great opportunity, but...

NO CAPITAL FUNDS
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 Removed one stage from the multistage pumps

from two of the tower pumps
Bowl
(stackable)
)
Impeller — {
g@; ::f: ..:"l’fg'?_.: Z:%\L“Nﬁn‘&“aﬁ ig Slide Courtesy of Oak Ridge National Laboratory 1-208

MOOE 9



ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

) } Egyptian program for promoting

Candition A Condition A Condition B
_End suction ANSIAP| v| v| Ex stingE Optimal  Units ) Existing Optimal _Units
Pump efficiency ||| 566 |ll[ 838 |||% [ 763 Ii| 82.0 | |[[%
Ramp (P | ﬂl 1’755 Motor rated power| ||| 26 [ 11 KWy [ 26 [ 75 KW
Orive SR Motor shatt power || 145 [ 2.8 Ifkw |[{[ 67 [ &3 ||k
Units _m“3thr, m, ki '
; re : Pump shaft power|[|[ 145 JlI[ 98 ||fkw [ 87 || &3 Ky
Kinematic viscosity (cS) ¥l 1.00 1.00 : = =
Specific gravity g1000 Motor efficiency ||| 81.7 |||[ 92.0 % [ 875 /[ 911 J[I%
12 Motor power factor |||[ 76.9 (Il 821 | ||% [ 567 ||I[ sos8 ||
Fixed specific speed? [JEEHN i i . o Motor current |||[ 258 |ll[ 163 | llamps || |[ 171 [ 107 ]|[famps
Line freq : i Motor power||[[ 158 J|I[ 107 | ffkw [ 77 [ e8 kW
Annual energy 4 93.4 | |[M¥h [ 80.3 ||[Mh
Motor rpm =l Annual cost 7.5 [ 50 $1000 36 Y[ 33 $1000
Eff. class ﬁmarage - -
Annual savings potential, §1, | 04 |
Yollage § : Optimization ratin | |

Full-load amps il 42(1
Size margin,%ﬁ@
Operating fractiong
$kwihr gfﬂiﬂﬁw

Flow rate, m3th Jf 188

Achieved annual savings of
about $4K per pump-year

Flow rate\ m*3/h |

| Head tool

Motor kW 5| 7.70
Voltage 5|

GEARY ;-ir: ../)3 g
@ 2 £ Do 1-209
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09. Valve Tool

Pump Systems Software

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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Valve Tool in PSAT Legacy Software f'_
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NOTE:;
Valve Tool not available in
latest edition of MEASUR

Application and

moren  Sheeas e e 1-211
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System Configuration and Operating Data
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Line size (all, except reducers at valve V1): 300 mm ID

Fluid specific gravity is 1.00

Valve V1is 200 mm v-port ball

Cost of electricity is $0.40 /kWh

Motor is 400-Volt, 200-kW, 1480 rpm, nameplate efficiency = 95. 8%
All pressure gauges at 1.5 m above

30m

Figure 1. System arrangement, generic information
Table 1. Measured Operating Data

Condition Q,lls P1, kPa P2, kPa P3, kPa Motor kW | % of time at Condition
A 126 620 359 345 135 50%
B 200 517 455 420 150 40%
C 0 ?2?7?
& > &
wE e 2
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Valve F1 Flow Coefficient Curve '_

0.5)

Valve flow coefficient, C,, (gpm/psid
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Valve position, % open
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wana THeGES g




Qu e St i O n S |:, A } Egyptian program for promoting

ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

1. For Conditions A and B of Table 1, estimate the actual pump head. You are
encouraged to use the PSAT built-in pump head calculator.

Condition A:
Condition B:
(assume Ks = 0.5 loss for suction side and Kd = 1.0 loss for discharge side)

2. Use the PSAT program to calculate Optimization ratings and annual energy costs of
operation for the two conditions.

Optimization rating Annual energy cost

Condition A:
Condition B:
G - L_/S ‘
%@ oo Pt mummr:,; gef 1-215
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3. What is the static head for this system?
4. What pressure would you expect at P1 with the pump off (see ??? in Table 1)?

5. Using the system curve calculator built into PSAT2004, develop system curves based
on the static head and the Condition A and B flow and head points of Table 1.

NOTE: you will have to develop two different curves, since the control valve V1 position
(and associated loss) changes for the two flow conditions.

AR o -/3 ‘
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6. Valve V1-related calculations:
A. Using the Valve equations tool included with PSAT2004, calculate the valve flow coefficient
for Conditions A and B.
Condition A (126 1/s)
Condition B (200 I/s)

B. Assume that the pump efficiency is 80% and the motor efficiency is 95%. What are the
estimated power losses (kW) and the annual costs of the friction from valve V1 for the two
operating conditions (use the valve equations tool)? (operating fraction = 1.0)

Condition A (126 1/s)

Condition B (200 1/s)

C. Perform a screen capture of the valve equations sheet and paste it into a Word, Powerpoint,
or other document to be returned to the instructor.

AR o -/3 ‘
@ Poae A=)
v o= Snad_ 2 PR TRTRr ef
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7. Using the calculated valve flow coefficients from problem 6A above and the valve flow
coefficient curve shown in Figure 2, estimate the valve position for the 8-inch V-port ball valve for
Conditions A and B.

Condition A (126 |/s)
Condition B (200 I/s)

8. If the artificial head losses across the control valve could be eliminated, what would the PSAT
optimization ratings and calculated potential energy savings be?

Optimization rating  Potential annual savings
Condition A (126 I/s)
Condition B (200 I/s)

The required pump head for the two conditions (using the pressure downstream of the control
valve) is recalculated. Replacing the original head values with the above required values yields
the Optimization ratings and Potential annual savings above.

/‘- - - g ‘
éﬁf}% e ...L:—/} 2 S gef
2 T L e i NULSTRIAL MIOERSATIN CENTRE et sg 1-218



ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

g
Qu e St I O n S ;, L_x:,jj Egyptian program for promoting
1=+

9. What would the system curve look like if the control valve were replaced with a full port ball
valve or gate valve and an adjustable speed drive was used to regulate flow? Assume that the
replacement valve losses are so low that they can be ignored altogether (a valid assumption, by
the way).

10. Assuming that you or management conclude that it is worth pursuing, what would be your
next step(s), and what options would you consider in your efforts to find ways to reduce the
energy cost?

AR b ../3 ‘
@ b A=
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Worked Results
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1. For Conditions A and B of Table 1, estimate the actual pump head. You are
encouraged to use PSAT2004's built-in pump head calculator.

Condition A:; 126 /s 62.2 m
Condition B: 200 I/s 52.3m

(assumed 0.5 loss K to account for the tank entrance and 1.0 loss K for check valve. See Fig
Al)

2. Use the PSAT program to calculate Optimization ratings and annual energy costs of
operation for the two conditions.

Optimization rating Annual energy cost

Condition A: 126 |/s 70.0 $ 71 000
Condition B: 200 I/s 81.1 $ 39 800
(see Fig A2)
G zn;r: L..fg ‘
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Type of measurement configuration
Suction tank elevation, gas space pressure, and discharge line pressure W

Type of measurement configuration
Suction tank elevation, gas space pressure, and discharge line pressure W

Click o acoess K. represents all suction losses from the tank to the pump Click 1o acoess K. represents all suction losses from the tank to the pump
units convertertool| | K, represents all discharge losses from the pump to gauge P, units converter tool K, represents all discharge losses from the pump to gauge P,
Suction pipe diameter (ID) 2| 300.0| mm Discharge pipe diameter (D)2 300.0/ mm Suction pipe diameter (D) 2| 300.0| mm Discharge pipe diameter (ID)2|  300.0| mm
Suction tank gas overpressure (Pg) 2 0.0/ kPa Discharge gauge pressure (Pd)3[  620.0|kPa Suction tank gas overpressure (Pg) 2 0.0|kPa Discharge gauge pressure (Pd)5|  517.0|kPa
Suction tank fluid surface elevation (Zs) 2 3.00|m Discharge gauge elevation {Z.:i}fI m Suction tank fluid surface elevation (Zs) 2 300 m Discharge gauge elevation 1’.Zd}§I 1.80| m
Suction line loss coefficients, Ks 5:1{ 0.50 Discharge line loss coefficients, Pf(dii 1.00 Suction line loss coefficients, Ks g 0.50 Discharge line loss coefficients, F‘(déI 1.00
Fluid specific gravity % 1.000 Flow rate % 126.0| /s Fluid specific gravity % 1.000 Flow rate g 200.0|L/s
Don't update Accept and update Differential elevation head 50| m Don't update Accept and update Di‘fl‘erentigl elevation head 450l m
Click to Differential pressure head | 63.34| m Click to Differential pressure head |  52.81| m
leave the main panel Differential velocity head 0.16| m leave the main panel Differential velocity head 041 m
|__head unchanged | Estimated suction friction head 0.08| m head unchanged Estimated suction friction head 020 m
. Estimated discharge friction head 016 m L Estimated discharge friction head 041 m
: System of units: L/s, m, kW
System of units: Lfs, m, kW Pump head [ 6224 m Y . m, Pump head [ £2.33| m

o - /\-
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PSAT Analysis for Both Sets

ap

e
—

Pump,

fluid

Mator

Duty,
unit
cost

Field
data

Condition A

Condition B

Condition Al

Condition B

End suction ANSVAPI vI End suction ANSIVAP] vl Existing Optimal Units Existing Optimal Units
Pump efficiency ||| 595 |||| 851 ||||% [ 713 ||I[ s81 [z
200 110 KW 132 KW
Pur o SRR Pu o S | | e [ | o
Drive Direct drive W Drive Direct drive W otor Shalt power : : '
. ——— , —_— Pump shaft power| ||| 129.2 ||l 90.3 | [jkw [[143.7 |||[ 1184 |[|kw
Units = Lis, m, KW W Units  Lis, m, kKW W g
. o — T500(l| | kinematic viecosity (c5) 3 100 Motor efficiency|[|[ 957 [[I[ 955 | [% [ 952 ||I[ 957 ||[%
Kmemancwsc.osny(c.S}:h&m e |cwsc?5|ty{. J:|16ﬂ0 Motor power factor | ||| 833 ||I[ 855 ||||% [ 846 ||||[ 861 [z
Specific gravity § Specific gravity 3 Motor current |[|[ 2340 |[I[ 1595 ||[lamps || [ 256.0 | |I[ 204.0 | ||amps
# stages :||_ # stages :1’_ Motar power||[[ 135.0 ||||[” 945 || |[kw [1500 ||| 1216 |||[[xw
Fixed specific speed'?ﬁ Fixed specific speed’? Annual energy |||[ 591.3 J|I[ 413.8 | Mk | 5256 || 4262 ||[IMwWh
Line freq. 60 Hz w Line freq. 50 Hz Annual cost |[|[ 2265 |||I[ 1655 | [|$1000|| [ 210.2 | (I[ 170.5 ||[51000
KW KW
520.4 :{2“4 Annual savings potential, 51,000 |
Motor rom w1480 Motor rpm =) 1480 Optimization rating, % ([ 70:0 [ 811 |
Eff. class Specified (below) W Eff. class Specified (below) W
- 0 - o Log file controls: Summary file contrals:
FL efficiency, % 3| 958 FL efficiency, % 3| 95.8 Create Add to Create new
Voltage § 400 Valtage 2| 400 Wbﬂ existing log e summary file
Estimate FLA Estimate FLA m b[;"::y CREATE NEW vl
i | i | = . .
Fulkoad amps jIRSHHE Full-oad amps 4| 3471\ Condition A Notes Documentation section
Size marg|n,%§|1|_o| Size marg|n,%§|1|_o| Facity | |5Y5tem | [ Date | |
Operating fraction 2| 0.500 Operating fraction 2| 0.400(|| | appication | | Evaluator
S/kouhr $[0.4000 S/kur S[04000]|| | Szneral conmers —
Flow rate, Lis 2] 126 Flow rate. Lis 2[ 200
Head m 8] 62.2||| [|Head tool| Head m 3 523 -
Load estim. method Power W Load estim. method Power w =
- ————1| Condition B Motes
Motor kW 5| 135.0 Motor kW =| 150.0 Facity || System | [ oate | |
Voltage 2| 400 Voltage 2| 400
= tage | Application || |E\raluatnr
Retrieve Set Copy A Copy B Background General comments
defaults | | defaults > toB= <to A= information -

System curve tool: select below vl

“ r;uuww 3
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3. What is the static head for this system?
3I0m-3m=27m

4. What pressure would you expect at P1 with the pump off (see in Table 1)?
28.5 m x (9.8/s.9.) kPa/m = 279 kPa

5. Using the system curve calculator built into PSAT2004, develop system curves
based on the static head and the Condition A and B flow and head points of Table 1.

NOTE: You will have to develop two different curves, since the control valve V1 position
(and associated loss) changes for the two flow conditions.

AR b ../3 ‘
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System Curves: Condition A

System head curve input data
P g gty 310
System loss exponent, C_

Flowrate Head Fluid
Point 1 3] 12603627
Pant2 700/ 270

Atemate j[ 00

. kW

Calculated static head | 27.0|
csctse tors ) SEUEEES HEEEENEN

Retain system
curve and
return to PSAT

System curve source
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System Curves: Condition B
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} Egyptian program for promoting

LYsTem neaa curve INput aata
Flid specifc gravty 3 100]
5yslem|nssexpnlmi,{3
Flow rate Head Fluid L kW

pori 1§ 2[4 23| [T028]
Point 2 3§ 0.0|3[ 270
temate 3 0.0]

Calculated static head | 270
Calculated K (loss coeficient) 1.07686E-3]

Retain system
curve and
return to PSAT

System curve source

® 2 L XN &
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6. Valve V1-related calculations:
A. Using the Valve Tool included with PSAT2004, calculate the valve flow coefficient for
Conditions A and B.
Condition A (126 1/s) 327
Condition B (200 I/s) 1176

B. Assume that the pump efficiency is 80% and the motor efficiency is 95%. What are the
estimated power losses (kW) and the annual costs of the friction from valve V1 for the
two operating conditions (use the valve equations tool)? (operating fraction = 1.0)

Condition A (126 1/s) $ 151,682 /yr 32.9 fluid kW

Condition B (200 I/s) $ 57,193 /lyr 12.4 fluid kW

C. Perform a screen capture of the valve equations sheet and paste it into a Word,
Powerpoint, or other document to be returned to the instructor

(AR an 8 &
INIDt P e . gef
i{y eyt i DTSR Moo ERUSA IO CENTRE v TreGES crg 1 - 2 2 7



Valve Tool: Low Flow Condition T
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Application and
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Valve Tool: High Flow Condition T ——
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7. Using the calculated valve flow coefficients from problem 6A above and the valve flow
coefficient curve shown in Figure 2, estimate the valve position for the 8-inch V-port ball valve
for Conditions A and B.

Condition A (126 I/s) 58 % open
Condition B (200 I/s) 93 % open

8. If the artificial head losses across the control valve could be eliminated, what would the
PSAT optimization ratings and calculated potential energy savings be?

Optimization rating Potential annual savings
Condition A (126 1/s) 39.6 $ 142,900
Condition B (200 I/s) 71.3 $ 60,400

The required pump head for the two conditions (using the pressure downstream of the control
valve) is recalculated. Replacing the original head values with the above required values
yields the Optimization ratings and Potential annual savings above.

7 Y W &
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Valve Position Estimation '_

1800 —
1700
1600 —
1500 —
141
131
120
110,
1000 —
900 —
800 —
700 —
600 —
500 —
400
300 —
200 —
100 —

0.5)

Valve flow coefficient, C,, (gpm/psid

Valve position, % open
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Calculations for Required Pump Head } S

Type of measurement configuration
Suction tank elevation, gas space pressure, and discharge line pressure W

Type of measurement canfiguration
Suction tank elevation, gas space pressure, and discharge line pressure W

Click to accass K, represents all suction losses from the tank to the pump Cliok 1o accees K, represents all suction losses from the tank to the pump
Tl | K, represents all discharge losses from the pump to gauge P, units converter tool K, represents all discharge losses from the pump to gauge P,
Suction pipe diameter (ID) 3| 300.0| mm Discharge pipe diameter (ID)5|  300.0| mm Suction pipe diameter (ID) 3|  300.0| mm Discharge pipe diameter (ID)3]  300.0| mm
Suction tank gas overpressure (Pg) 2 0.0(kPa Discharge gauge pressure (Pd)2|  359.0|kPa Suction tank gas overpressure (Pg) & 0.0/ kPa Discharge gauge pressure (Pd)%|  465.0|kPa
Suction tank fluid surface elevation (Zs) 3 300 m Discharge gauge elevation {Zd}§1i 1.50(m Suction tank fluid surface elevation (Zs) 2 3.00(m Discharge gauge elevation (Zd}g 180| m
Suction ling loss coefficients, Ks % 0.50 Discharge line loss coefficients, l{d% 1.00 Suction line loss coefficients, Ks g 0.50 Discharge line loss coefficients, I*(d% 1.00
Fluid specific gravity £ 1000 Flow rate & 126.0|Lss Fluid if ity 4 4
| ! " ! uid specific gravity 7|~ 1.000 Flow rate = 200.0 Lis
Don't update Accept and update Dif.Ferenti.TaI elevation head 450 m Don't update Accept and update Differential elevation head 4580 m
Click to Differential pressure head | 36.67| m Click to Differential pressure head |  46.48| m
leave the main panel Differential velocity head 0.16| m leave the main panel Differential velocity head 041 m
head unchanged Estimated suction friction head 0.08| m head unchanged Estimated suction friction head 020 m
o Estimated discharge friction head 0.16( m . Estimated discharge friction head 041 m
System of units: L/s, m, KW Pump head [ 35.88| m System of units: L/s, m, kW Pump head [~ 46.00| m
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Condition A Condition B Condition A Condition B
I Existing Optimal Units Existing Optimal Units

End suction ANSI/API vl End suction ANSI/API vl
Pump efficiency |[|| 240 [[I[ 269 |[% [ 627 Il 883 |[|%
Mator rated power 200 55 KWW 200 110 kW
Pump rpmg 1480 Pump rpm gﬂw P | il | | i |
Drive IBifeet drive Drive IR Motor shaft power|[|| 1292 |[il 505 | |lkw [ 1437 ||l 1021 |[w
. —— . —_—— Pump shaft power |[|| 129.2 ||l 505 ||k [ 1427 (Il 1021 (kv
Units | Lis, m, kW W Units Lis, m, kW w -
) . ) :IW Kinematic v s :IW Motor efficiency [ 957 [Il o486 [f% [ o5& |||l 955 |||I%
Kinematic wsc.omty (c.S};“ M() HEmate WSC.QSIW{ ) :';l_l 000 Motor power factor |[|| 833 ||l 85.9 ||% [ 246 ||[[ 263 |3
SpErieiEell P SrESIELT r Motor current | ||| 2338 |||l 897 | llamps || || 2559 ||| 1787 |||/lamps
# stages ¥ 1 | # stages 71 | Motor power ||[[ 1350 ||I[ 534 | [kw [150.0 ||| T06.9 | |{[kwv
Fixed specific speed? RIS Fixed specific SPeed’?| Annual energy |[|[ 591.2 ||l 223.9 || |[mwh || |[ 5256 |||i[ 3745 ||[[Mwh
Line freq. 50 Hz w Line freq. |50 Hz w Annual cost ||| 2365 ||| 936 [f|$1000|| [ 2102 |||[ 1428 ||[l$1000
kW kw 1
fmﬁ fmﬁ Annual savings potential, 51,000 | 60.4
Motor rpm g SESSESY Motor rpm g SESEESE| Optimization rating, % - 713
Eff. class Specified (below) W Eff. class Specified (below) W - -
L - p - Fi Log file controls: Summary file controls:
efficiency, % 5| 95.8 FL efficiency, % 5| 95.8 T Add to Create new
Voltage 2 400 Voltage 2 400 "“-’ng existing log Exisling sum files summary file
Estimate FLA [ Estimate FLA m m CREATE NEW v|
u 4 | = i i
FulHoad amps 5 3469 Full-load amps | 3469\ condition A Motes Documentation section
Size margin,%ﬂ|_0| Size margin, %f'|_| Facilty || [ System | [ Date | |
Operating fraction 3| 0.500 Operating fraction 5[ 0.400 Application | | Evaluator [T
Sikowhr $| 0.4000 Skowhr E| 0.4000 General comments
Flow rate, Li/s 2 126 Flow rate, Lis 2| 200
Head tool| Head, m 2[ 358 Head tool| Head, m 2 460 =
Load estim. method Power w Load estim. method Power w =
= ———— @ndltlon B MNotes
Matar kW 5| 135.0 Motor kW 5| 150.0 Facaty | |$5th i |Date | |
Voltage 2| 400 Voltage 3[ 400
= 'ag Application | |Evaluatnr |
Retrieve Set Copy A Copy B Background General comments
defaults | | defaults > toB> <to A= information -
System curve tool: select below v| STOP

[
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9. What would the system curve look like if the control valve were replaced with a full port ball
valve or gate valve and an adjustable speed drive was used to regulate flow? Assume that the
replacement valve losses are so low that they can be ignored altogether (a valid assumption, by
the way).

The system curve is shown in the following diagram, based on the static head and the required
head at 200 I/s. Note that the estimated head at 126 |/s varies a bit with the friction exponent
used.

10. Assuming that you or management conclude that it is worth pursuing, what would be your next
step(s), and what options would you consider in your efforts to find ways to reduce the energy
cost?

Verify measured = required (heat load consideration); get pump curves and compare measured
data with curves; check physical layout for possible addition of a second pump and/or VFD.
Evaluate potential for a slight trim on the existing impeller.
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10. ASME Standards & Guides

Pump System Assessment

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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ASME EA-2-2009 ASME EA-2G-2010
-~ (ANSI Designation: ASME TR EA-2G-2010)

Guidance for ASME
f\nergy f EA-2, Energy
- ssessment for - Assessment for

Pumping Pumping Systems
Systems

AN AMERICAN NATIONAL STANDARD AN ASME TECHNICAL REPORT

éb@ The American Society of

® Mechanical Engineers

6»’3’@ o & 2% Qf’
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Standard vs Guide

Standard EA-2-2009

* Provides a common understanding of
what should be included in a pump
system assessment to replace the lack of
a standardization for pump systems
previously evaluated as part of an
energy evaluation, audit, survey or
energy study.

* Defines specific requirements that must
be performed for different assessment
levels.

FEARY ram f% ‘
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Guidance Document EA-2G-2010

Provides technical background and
application details to help the user
apply the standard.

Includes rational for the technical
requirements, application notes,
alternative approaches, tips,
techniques and examples.
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* Provide a step by step approach to perform a pump system energy assessment.

* |dentify energy assessment levels and the effort required for each type of
assessment.

 Emphasize the importance of taking a systems approach.

* Review equipment data that should be collected for pump system evaluations.
 Become familiar with solutions for pump system optimization.

* Present the results in a suitable format.
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Standard/Guidance Document Sections
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ASME EA-2-2009 Energy Assessment Pump Systems Sections:

. Scope & Introduction y X
. Definitions | ?

. References

. Conducting the Assessment

1
2
3
4. Organizing the Assessment
5
6. Analyzing the Data

/

. Reporting & Documentation Areas to bediscussed

e 1-239
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Organising the Assessment

ASME EA 2 2009 - Chapter 4
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Organising the Assessment .,_

BEFORE ARRIVING ON SITE

4.1 ldentification and Responsibilities of Assessment Team Members

« Authorized Manager - accepts overall responsibility for funding and decision making
(often times not present during assessment)

« Assessment Team Leader - familiar with operations and maintenance of pump
systems to be reviewed and able to organize resources to evaluate pumps.

 Pump System Expert - qualified to perform the assessment activities, data analysis
and report preparation.

4.2 Facility Management Support

« Written support should be provided by facility management to commit the resources
needed. Develop written agreement/purchase order before arriving on site that clearly
defines Goals and Scope of Assessment.

7 Y W &
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BEFORE ARRIVING ON SITE & AT THE KICK OFF MEETING

4.4 Access to Resources and Information
« Review access to equipment areas

« Discuss needed personnel to conduct assessment (electrician, engineers, operations
staff)

« Determine access to data such as drawings, manuals, utility bill data, computer
monitoring and control data

4.5 Assessment Goals & Scope
« Overall goals and assessment scope should be reviewed
« (This was defined before arriving on site — but should be reviewed with all meeting

attendees)
(AR fam o
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Organising the Assessment | e

4.6 Initial Data Collection and Evaluation

Before Arriving on Site
Work with facility to identify pump systems that will be reviewed

Pump System Screening Questions

System Name/ 1D Paper Machines 411 and 412
Pump ID

Pump #3401 Pump #505 Pump #333 Pump #210 Pump #3422
Estimated annual operating hours 7600 7600 7600 7600 7600
Motar rated hp 75 125 150 100 150
Is system throttle valve-controlled? yes yes yes ves yes
Is the pump bypassing to regulate flow/pressure? no no no no no
Multnp'le‘parallel pumps with same # normally s g s ez e
operating?
Distributed cooling system with multiple unregul ated

no no no no no
loads?
Constant pump operation in batch process? constant constant constant constant caonstant
Frequent cycle batch operation in continuous

no no no no no
process?
Cavitation noise at pump or elsewhere in system? no no no no no
High system maintenance without obvious causes? no no no no yes
Has system function or demand changed over time

% g no no no no no

with no pump change?
Is flow metered? ves yes yes ves yes

R ; A &
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4.6 Initial Data Collection and Evaluation

Before Arriving on Site
Obtain energy use and cost data to determine unit costs

58"8—-— \ U.5. DEPARTMENT OF
_E_I!_!HEY SAVE ENERGY NOW PRE-ASSESSMENT SURVEY FORM e ENERGY
ow

January 6.57 5445,924 17,448 5120,466 78,698 5451,885
February 6.39 5456,088 16,635 5147,556 72,787 5447478
March 6.86 5466,007 17,809 5123,209 73,095 5437,502
April 5.65 5459,013 14,379 5143,309 49,906 5373,967
May 7.41 5513,624 19,652 $121,629 54,454 5375,194
June 7.88 5545,731 20,353 5161,600 53,877 5379,361
July 7.32 5527,183 16,738 5143,719 52,889 5379,405
August 7.49 5530,737 19,189 50,424 5364,642
September
October
MNovember
December

Grand Total 55.58 53,944,308 142,201.30 5961488 486,129 53,209434

&

W TReGES crg

1-244




Organising the Assessment ' ~-;;"'_

ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

AS PART ON INITIAL PLANT TOUR

4.6.4 Systems Data
« Define the system (s) functions and boundaries
 ldentify high energy use equipment
 ldentify control methods
 |dentify inefficient devices
» |nitial measurement of key operating parameters

4.7 Site Specific Goals

« Based on preliminary data collection — develop a measurement
plan that takes into account the three evaluation levels ( to be
discussed) and goals that are consistent with scope of work

Be flexible — there may be other energy savings opportunities that are
discovered during the pump evaluation process that can be reviewed

/‘- - - g ‘
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Organising the Assessment ) i

Identify existing conditions that are associated with inefficient pumping system
operation such as:

 Pumping systems where significant throttling takes place
 Pumping systems with recirculation of flow used as a control scheme
 Pumping systems with large flow or pressure variations

« Multiple pumping systems where the number of operated pumps is not adjusted in response to
changing conditions

« Systems serving multiple end uses where a minor user sets the pressure requirements.
« Cavitating pumps and/or valves

* High vibration and/or noisy pumps, motors or piping

« Pumps with high maintenance requirements

« Systems for which the functional requirements have changed with time, but the pumps have
not.

* Motor issues: Oversizing, reduced efficiency due to rewinding etc.

(AR an 8 &
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INITIAL DATA COLLECTION & EVALUATION
Paper Mill Spray Pump Example:

« Spray Pump was identified by staff to have potential
because it was 150 hp (112 kW) and operated full
time.

» However there was no apparent throttling, no re-
circulation or any other energy saving symptoms.

Normally we would move on to the next pump, but there was an existing pressure
tap (reading 250 psi) and straight pipe for a flow measurement.

FEAR b ../3 ‘
P 1 oy P e\ s gef
N migewn i Blaese 1-247




-~
m -~

B S =
EAR B
e,

Organising the Assessment .:z'_

ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

Paper Mill Spray Pump Example:

« Walk down of system did not reveal any specific opportunity

 However compared to original design point, measured flow and pressure
was operating high up on the curve.

Measured  [*"
Operating Point

Suction b
Tank

8.7 250 psi

r—

150 hp Sheet Knockoff Shower Pump
Measured Power: 64.2 kW

62.4 KW x 8700 hours x $0.07/kWh = o M T D e

$38 000 energy cost/year N o~ S 1 I

/‘- - - R
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DEVELOP AN ACTION PLAN

4.8 Develop a plan of action & schedule activities
* Review information that has been collected

« Prioritize pump systems that will be reviewed in more detail (assessment levels to be
discussed)

» |dentify control methods

 ldentify inefficient devices

» |nitial measurement of key operating parameters

« Define schedule for activities (staff interviews, electrician time, meetings)

4.9 Goal Check
* Ensure Action Plan meets assessment goals

The Action Plan should include pump system sketches that can
be presented on a white board, a sketch pad or handouts
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Conducting the Assessment

ASME EA 2 2009 — Chapter 5
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5.1 Introduction

5.2 Assessment Levels

5.3 Walk Through

5.4 Understanding System Requirements

5.5 Determining System Boundaries and System Demand

5.6 Information Needed to Assess the Efficiency of a Pump System
5.7 Data Collection Methodology

5.8 Cross Validation

5.9 Wrap-up Meeting and Presentation of Initial Findings and Recommendations
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e Level #1

Prescreening and gathering preliminary data (qualitative effort) to identify potential
energy savings potential

e Level #2

Measurement based quantitative evaluation to determine energy savings. This
assessment is based on “snapshot” measurements that cover a limited amount of time.

e Level #3

For systems where conditions vary over time. This requires more extensive quantitative
data collection effort to develop a system load profile.
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Activities Level 1 Level 2 Level 3
Assessment Assessment Assessment
Prescreening opportunities Req. n/a n/a
Walk through Opt. Req. Req.

Identify systems with potential saving

opportunities Req. el e
Evaluate systems Wlth _poten'ual saving Oopt. Req. Req.
opportunities
Snapshot type measurement of flow, head and Opt. Req. n/a
power data
Measurement / data logging of systems with e n/a Reg.

flow conditions that vary over time *

ﬁ’ﬁ”} :jj: G 2& g * Verify and use data from plant historical information where applicable

Ao lhaialt b 35 50
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* Level 1includes gathering system information for all pumping systems within the scope of the
assessment.
* Pre-screening includes listing pump systems in the facility:

o Motor nameplate power (may establish a minimum size)
o Hours of operation
o Pump function

o Control methods

« Determine if changes will affect
other systems and constrain
optimization options.

« Collect Level 1 required data.

@ =2 £ X... ¥ 1-254
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* Level 2 assessment performed using measurements of system
variables from digital or paper records (operating logs, trend charts,
DCS screens, etc.) or portable measuring instruments.

 Measurements taken over a limited time frame and provide a
snapshot of the operating conditions.

 Observed data is representative and changes in operating conditions
are small.

e Use data collected to calculate savings.

INDTUSTRIAL MOQERNISATION CENTRE wana THeGEs crg
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Level 3 Assessments 2E) e
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* Level 3 assessments performed on systems where operating conditions vary substantially over
time, complicating the analysis.

e System performance is measured over a sufficient period of time to capture all operating
conditions.

o May use historical information from the facility’s information system (DCS historian).

o May need to connect transmitters of measured variables to data logger.
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Pumping System Assessment Standard

Plant purmping systems (partion or all)

i Level 1 l
5 :
o !
! Level 1 Low priofity systems | Palicies and practices, ‘ ! Level 3 reiects
i Prescreening, discovery Ineluding contingency plans i !
: _____________________________________________________________________________________ A ____ H
_____________________________________________________________________________________________ 3
Level 1 priority systems i Level 2

No Level 2 (znapshat)

possible and useful?

Yesl

p
ldentify technigues to be

used in guantifying
opportunities

v

Preparatory work needed
for data collection?

Level 2 rejects

Make necessary
arrangernents to support
data collection

Mo |

[ Snapshot measurements

Energy, cost,
savings potential |

r

‘ Data valid, representative?

Yes¢

Does savings potential
waarrant further consideration? | g

Yesl

Mo

Review with plant staff, mgmt: »
Is there interest? Mo
| No
Enough data Ves Development of Prepare written : :
; . - ; . Yes Prepare final engineering
to define specific solution? Energy Savings Opportunity repor | . package, installation,
Mo : commissioning, MEN plan

________________________________________________________________________________________________
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Level 3

-
Identify techniques to be
used in Level 3 data

collection and analysis

¥
Preparatory work needed YE% Make necessary

for data collection? arangements to support
data collection

Mo l

b

[ Collect data ]

+

| Diata valid, representative? ‘

‘T'ES*

Additional info needed? Mo
(design, trend,

maintenance, etc.)

Yes¢

[
-

Analyze, evaluate
merits of potential
salution types
¥

— b Policies and practices,
Including contingency plans

Solution(s) appear Ma
practical
to implement now?

Yesl

2nd review with Mo
plant staff, mamt:

¥

l

4’( Collect additianal info

Mo ¥ Yeg p Prepare final engineering
to deﬂnEen:;IeggiScatsaolution? = E Desvelppmegt Dfn it Writtreenpf;’;m‘[ _?_"{ package, installation,
- nergy =avings Lpportunty | commissioning, MEa&Y plan
Mo | i
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e Level 2 and 3 systems are visually inspected after pre-screening.

e Systems are traced from start to finish to ensure information reflects the actual
system configuration.

* [tisideal to have an up-to-date Piping (or Process) and Instrumentation Diagram
(P&ID) or a Process Flow Diagram (PFD)

e Key items to look for:

oMeasurements of flow, pressure, current, motor power
oControl valve positions
oFlow control methods
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S

Example #1: What assessment level is applicable here?

Two water pumps operate in parallel. During the walk through the pump expert asks
if the smaller pump could be turned off. After the operator deactivates the pump,

there is no change in flow or pressure and the existing MCC power sub meter
displays the before and after kW value.

——§ Bleach Plant

Fresh Water ——3 TMP Plant
Reservoir
— 3 oldMill
————5 PM&4
) PMe3

AR b ../3 ‘
@ b A=

% b = S 2 PO, TR ef | 2
N2 el M e 1 g ol &mimuun;dmmma"xm’ ....gmc,:m-; - 60



m -~

Questions/Data Collection |J'_ g

SAVE TODAY ... POWER TOMORROW

Example #1

1. How often do the pumps operate (annual hours)?

2. What was the reason that two pumps were put on line?

It is important to understand the reason behind the original decision — it might
be a critical system where redundancy is extremely important.

3. How reliable is the existing instrumentation?

Could flow be verified using another system flow meter, pump down test, pump
curve or is there enough straight pipe for a portable flow meter?

AR o -/3 ‘
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Example #2:

A paper stock pump with a 2300 V motor has a throttled discharge valve that
varies from 25% open to 100% open (controlled by DCS) and a bypass valve that
circulates flow back to the suction tank continuously. There is no flow meter, but
there is a pressure tap on the pump discharge.

 What Assessment Level applies?

« What questions should you ask
to develop a measurement plan?

fB jan & & |
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Measurement Plan Questions )
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Example #2 Sample Questions

1. Is there an amperage meter on the MCC?

Although we can’t measure kW with a portable meter, if there is an
amperage meter (and voltage and power factor may also be available)- kW
can be calculated. PSAT does a good job estimating power factor and
calculating kW from amperage data.

2. Do you have a pressure gauge/flow measurement
somewhere downstream?

Since it is paper stock it will be difficult to get a reading with a portable
ultrasonic flow meter, However, if there are minimal restrictions between
the pump and a pressure gauge downstream, pressure near the pump
could be estimated to see what the loss is across the valve —and a pump
curve could help estimate flow.

R fnm cns g
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Example #2 Questions
3. Can they provide Cv values for the throttled valves?

With pressure on both sides of the valve and a Cv value, the PSAT valve tool can also
be used to estimate flow. This can be done for the re-circulation bypass valve as well.

Specific gravity 3| 1.000 Annual cost of friction,
Calculated flow rate [ 1142

e ﬁl_ i) e From Valve
' Specified valve Cv ' Tool
Upstream pressure, psig 5| 65 Downstream pressure, psig 5 0.0
Upstream pipe D, inches gm Valve size, inches ﬂml Downstream pipe D, inches glw
Upstream gauge elev, ft 3 0.0 Downstream gauge elev, ft 3| 0.0
Upstream gauge velocity, f's | 47| Valvevelocity, f's | 47| Downstream gauge velocity, fi's [ 4.7

AR —
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Example #2 Questions

4. Do you have hourly historical DCS data over the last 12 months that can be
dumped into an Excel file?

Since energy saving calculations depend on how often the pump flow is restricted (and
bypassed). Getting DCS data for valve positions may be the only way to develop the
operating profile.

Interval | Hours Va_Iv_e Flow FIESSLIE kW kWh
Position Data

0-20%
20-40%
40-60%

60 to 80%
80 t0100%

g || W|IN|F

B 2 S X )
WL = s 3 1-265
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* Must determine system requirements of Level 2 and 3 systems.

oSystem needs must be met after optimization is implemented.

oNormal operating conditions, minimum and maximum conditions must be
considered.

e System requirements change over plant lifetime.

oChange in flow rates due to changes in process or new loads added to the
system.

* Plant engineers and operators are good sources of information.

* If records not available, observe system operation over a period of time to
establish system requirements.
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* Must determine system boundaries for Level 2 and 3 systems prior to taking
measurements and doing calculations.

e System boundaries encompass:
oPump and driver, including power supply system (motor and VFD, if used)
oPiping, valves, fittings, tanks, heat exchangers, boilers, etc.

* Assessment considers the overall efficiency by comparing the power needed to
fulfill system requirements to the input power.
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11. Data Collection & Analysis

Pump System Assessment

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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Field Data Collection
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Collect Equipment and Fluid Data |£'_5%puu;tnrgrmfmga.gg

* Driver information (the ASME standard focuses on motor-driven pumps)

Motor nameplate: type, voltage, frequency, full load amps, rated horsepower,
speed, efficiency, power factor, service factor.

* Pump

Type, number of stages, speed, flow and head design point, impeller diameter,
pump curve, maintenance records, presence of cavitation.

* Fluid Properties
Temperature, viscosity, density or specific gravity, presence of solids
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Equipment Data Collection Form

Tester Date Time

Facility System Parallel Pumps Running:
PUMP NAMEPLATE DI SET

Fump Style -

Mameplate Purmp Speed RPM

Mumber of Stages -

MOTOR HAMEPLATE

Fower HF
Full Load Speed RFPM
Full Load Efficiency %
Hated “aoltage WOLTS
Full Load Current AMPES
PUMP, FLUID DATA Units
Fump Rotational Speed RPM
Flow Rate GPM
Specific Gravity -
Suction Pressure PSIG
Suction Elewation FT
Suction Fipe Mom. Size 1M
Discharge Pressure FSIG
Discharge Elevation FT
Discharge Pipe Mom. Size 1M
ELECTRICAL DATA Units
Motor Hotational Speed RFPM
KW A-B _ or AAGR_ kv
KW C-BE __ orB-GRE__ kv
kMY C-GR __ kv
Faower Total kv
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Collect System Data
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Data gathered using installed plant instrumentation or portable instruments:

o Motor power or voltage and current

o Pump flow rate, suction and discharge pressure
o Flow rates to system loads

o Pressures at system loads

o Fluid temperature, density, and viscosity
Additional System Data:

o Static head
o Operating hours

o Pump control method:

SAVE TODAY ...

Recirc. Valve

Based on Pressure Open20%

#9 Dry End
Broke
Pulper Tank

Level Control Valve

Open50% @
|

0 82psi

Note: When LCY

was opened 100%,

pump pressure
dropped to 44 psi

150 hp Pump
Goulds Model 3175,6 x 8 - 14
Measured Power: 71 kW

VSD, Throttled valve, By-pass or recirculation, On/off, parallel pumps, Uncontrolled

Fate = f
—a s b et Foies (o A ) Al gk S0 ge
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Collecting Pump Data
&
Field Measurements

(@ :n;r: é ‘;
%ﬁ{’ g .::"2‘:"'1‘-1' v e o g.E,.. g 1 _ 2 7 3




‘ndustrial Motor Efficiency

SAVE TODAY ... POWER TOMORROW

Choose Assessment Level '” i '_

 Determine if data collected is a representative snapshot or if the system needs to
be evaluated over a longer period of time or if historical process control data is
available.

* Pressure measurements should be taken with calibrated, reliable gauges or
transmitters.

* Flow measurements should be taken with properly installed, calibrated meters.
olf using portable flow meters, confirm measurement at alternative locations

oMay use dP across a component and component curve
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Data Collection Tips and Cross Validation |§ﬂ|.f?.%"u“:t"ﬂ‘:r&':?J:E?;r;:‘::.‘sg
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Motor input power

* Preferably measure power directly with a power meter

* Can calculate motor input power using measured voltage and current, and estimating the power
factor

Cross-validation

* Flow rate, pressure, and power measurements may not be available but can be determined using
cross-validation

o Use pump differential pressure (total head) and pump curve to estimate flow rate

o Use motor input power and efficiency to calculate shaft horsepower, then use pump curve to
estimate flow rate

o Use valve position, flow rate, and Cv data to estimate dP

o Measure drawdown and fill times to estimate flow rate
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Develop a Simplified Flow Diagram ﬁ%r5%.gnﬂg;momgg;

e Capture the critical elements of the system
* How do you do that?

oReview P&ID and piping isometrics

oTalk with operators

oWalk the system down (nice to have a P&ID when you do)
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Obtain the Pump Curve ' ) e
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e Getting a certified factory test curve for the specific pump you’re buying should
be encouraged as a standard practice for pumps above 50 kW; a field certified
curve should be pursued for pumps above 150 kW

NOTE: Three types of pump curves
«  Generic curve for pump model - usually from a manufacturers catalog

«  Certified factory curve — where the pump was tested at the factory
« Field certified curve — where the pump was tested after installation in the field.
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Pump Curve with Impeller Trims | '_

SHUT OFF HEAD GH 4
A) —324 FT. R.P.M. 3500
B) —267 FT CURVE NO. A-256
C) —238 FT. IMPELLER 3162
D) —196 FT. DIA. VARIOUS
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400
B -2 2T i 40" e .
T 19
1/8' DIA. . Z - -
™~
250 ] g
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Z 200
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g - T \: o~ ' %
150 - %
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‘% /=
8y
0 — 30
™
§ — 20
NPSH S
=10
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GALLONS PER MINUTE
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Pump Nameplate
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Nameplate speed here (1 800 rpm) is NOT consistent with flow rate
and head, it is the nominal synchronous speed

&
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12. Measuring Flow, Pressure and Head

Pump Assessments

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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Measuring
Flow, Pressure and Head
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Pressure Indicators
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The C-type Bourdon
tube is by far the
most common
industrial pressure

indicator
Qﬁ%} N é ? % _ _ ‘; Slide Courtesy of Oak Ridge National Laboratory
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Some Practical Considerations I o o s g
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e Service environment, history

e Water hammer
* Calibration
* [nstrument range
* Accuracy
e Overpressure capability
* Physical location, setup
* Process connection point
e Accounting for sensing element elevation

* Proper instrument line fill & vent

QuID: = o o Vi gef Slide Courtesy of Oak Ridge National Laboratory 1-284
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Errors in Reading e W

What do you think the system
pressure is?

(note the angle from which
the picture is taken)
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What accuracy is required? 'g
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The use of portable,
temporary instrumentation
is advisable when accurate
data is needed

“ﬁfﬁ; ;“;": é ‘ Slide Courtesy of Oak Ridge National Laboratory
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Types of Flow Meters )

» Differential pressure - orifice, venturi, nozzle, elbow

* Velocity - Magnetic, ultrasonic, turbine, vortex shedding, variable
area (rotameter), pitot tube

* Open flow - Weir
* Positive displacement - gear, nutating disc

* Mass
i . ey & - - -
g{?y .. . s iR gef Slide Courtesy of Oak Ridge National Laboratory 1-287
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* Proper flow profile and installation

* Range

e Calibration

* Wear

e Corrosion, scale, foreign material

e Sensing line issues (similar to pressure)

g&!j o e 0N i it gef Slide Courtesy of Oak Ridge National Laboratory 1-288
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4 Magnetic _
! flow meter Insertion-type meter
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A Better Configuration )

Magnetic flow meter

/": \ :

R ap e g

Ugg‘ﬁf M & E S e gef - i i 1-290
Wy i e (RUTSTRIAL ORIV G Rk ol Slide Courtesy of Oak Ridge National Laboratory -




Portable Ultrasonic Flow Meter )
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TIMEX

QUARTZ

Tank drain or fill

Also a standard
way to calibrate
flow meters

Diagnostic Solutions, L1E
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Electrical Measurements

Instruments and considerations
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The most important consideration in electrical
measurements:

SAFETY
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These two alligator clips used to look alike... [ '_ o ogun o
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A Better Alternative — Shrouded Probes } ST
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Three Phase Power E |. v e
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Balanced 3-phase power: P = 3xI__XV_ Xpower factor

Unbalanced 3-phase power: Measure each phase individually (3 Watt meter) or
use the 2 Watt meter method

Watt[Meter 1
Pl

P
27— watt

Watt
+ Pa\ meter P Py meter 1
P ., [Watt + P,
tot meter 3

Watt
Neutral Piot meter 2 (— >

Note: the V. . above is line to line voltage

rms
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. . L
Ensure CT clamp jaw is closed... |£'_

Jaws fully closed - 114.2 amps

Piece of tie wrap
< 1.5mm thick .

4
3 Y
o

Note: CT scaling is 1 mV/amp
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If possible, measure all three phases &'_

Line to Line Voltages
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Data Logging
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» Data loggers can provide more insight on how a pump system operates over an
hour, a day or several weeks

* Simple Data Loggers such as on/off loggers or small programmable data loggers
are helpful to evaluate pump cycle times and power variations (a laptop is
needed to program the units)

 Many flow and power meters also have data logging features that can be used
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Some data loggers can be used to log amperage, temperature or other types of data
depending on the sensor attached. The data logger below is set up with an amp CT

92 ,
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07:23/98 00:00:00 07/29/98 00:00:00
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USE SCADA / DCS, |f ava||ab|e | '-Eggntian program for promoting

SCADA/DCS trending to determine how process conditions change over
a full 12 months
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12. Example: System Analysis

Pump System Assessment

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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Example: Problem Statement T e
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System with a Problem Control Valve

In this example the LCC analysis for the piping system is directed at a control valve. The
system is a single pump circuit that transports a process fluid containing some solids from a
storage tank to a pressurized tank. A heat exchanger heats the fluid, and a control valve
regulates the rate of flow into the pressurized tank to 80 m3/h (350 USgpm).

The plant engineer is experiencing problems with a control valve that fails as a result of
erosion caused by cavitation. The valve fails every 10 to 12 months at a cost of 4000 Euro
or USD per repair. A change to the control valve is being considered to replace the existing
valve with one that can resist cavitation.

Before changing out the control valve again, the project engineer wanted to look at other
options and perform a LCC analysis on alternative solutions.
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Example: System Overview | A
Pressure
o Sketch of pumping system in
which the control valve fails
« Storage tank
* Pump
- D « Heat exchanger
Storage tank FCV @ 15% « FCV @ 15%

e Pressuretank 2.0 Bar

(= -

Pump Heat exchanger
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Example: System Operation Description (=)

The first step is to determine how the system is currently operating and to determine why the
control valve fails, then to see what can be done to correct the problem.

« The control valve currently operates between 15 to 20 % open and with considerable
cavitation noise from the valve.

« |t appears the valve was not sized properly for the application. After reviewing the original
design calculations, it was discovered that the pump was sized for 110 m3/h instead of 80
m3/h resulting in a larger pressure drop across the control valve than originally intended.

« As aresult of the large differential pressure at the operating rate of flow, and the fact that the
valve is showing cavitation damage with regular intervals, it is determined that the control
valve is not suitable for this process.
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Example: Potential Solutions . = | it rccene
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A. A new control valve can be installed to accommodate the high pressure differential.

B. The pump impeller can be trimmed so that the pump does not develop as much
head, resulting in a lower pressure drop across the current valve.

C. An adjustable speed drive (such as a variable frequency drive [VFD]) can be
Installed, and the flow control valve removed. The VFD can vary the pump speed and
thus achieve the desired process flow.

D. The system can be left as it is, with a yearly repair of the flow control valve to be
expected.
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Example: Evaluation of Potential Solutions 22w
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The following key factors were considered during the evaluation

« The cost of a new control valve that is properly sized is $ 5 000.

« It costs $ 2 250 to trim the impeller including the cost to disassemble and reassemble the
pump.

A 30 kW VFD costs $ 20 000, and an additional $ 1 500 to install. The VFD will cost $ 500
to maintain each year but will not need any repairs over the project’s 8-year life.

« The option to leave the system unchanged will result in a yearly cost of $ 4 000 for repairs
to the cavitating flow control valve.

« The process operates at 80 m3/h for 6 000 h/year. The energy cost is $ 0.08 per kWh and
the motor efficiency is 90 percent.
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100
== DP for 80 m3/h
80 -
— DP for 110 m¥h
60 -

System Curve
with valve 100%
open

Head m

Pump curve

1 | 1 1 | |
0 20 40 60 80 100 120 140 160
Flow m*/h
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Example: Impeller Trimming or VSD

Pump and system curves for:

« impeller trimming
« variable speed operation
 different system curves
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100 , , , ,
‘System curve’ option A& D — 9, off
‘System curve’ option B
80 - T - 100
430 mm impeller / ‘System curve’ option C
g 60 - - 80
g= ————
"I-.__..‘
5 ] £ %
L 375 mm impeller 7
40 - - 60
20 - - 40
Reduced speed pump curve \
0 ! T ! | ! T ! ] ! T ! T ! T ! 20
0 20 40 60 80 100 120 140 160
Flow m°/h
gef 1-312
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Examp e: Results '—'- ‘ndustrial Motor Efficiency

« When operating at 71.1m head, the total annual energy costis $ 1 108.

« By trimming the impeller to 375 mm, the pump’s total head is reduced to 42 m at 80 m?/h.
This drop in pressure reduces the differential pressure across the control valve to less
than 10 m, which better matches the valve’s original design point, so there will not be any
additional cost due to control valve failures.

« The resulting annual energy cost with the smaller impeller is $ 6 720.

- By installing the VSD, the pump’s total head is reduced even further to 34.4m at 80 m3/h.
The resulting annual energy cost with the reduced speed is $ 5 568.
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Example: Summary of Cost Comparison

Table:

Cost comparison for
Options A through D in
the system with a
failing control valve.

Pt 2 K'\
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Change Trim Repair
Cost Control Impeller VFD (C) Control
Valve (A) (B) Valve (D)
Pump Cost Data
Impeller Diameter 430mm 375mm 430mm 430mm
Pump Head 71.1m 42.0m 34.4m 71.1m
Pump Efficiency 75.1% 72.7% 77% 75.1%
Rate of flow 80m3/h 80m3/h 80m3/h 80m3/h
Power Consumed 23.1kW 14.0kwW 11.6kW 23.1kW
Power Cost / yr $ 11 088 $6720 $ 5568 $ 11 088
New Valve $ 5000 0 0 0
Modify Impeller 0 $2 250 0 0
VFD 0 0 $ 20000 0
Installation of VFD 0 0 $1 500 0
Valve repair/year 0 0 $ 500 $4 000
]
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Example: Last thoughts... |J|. g g
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 What benefits do you see in the different solutions?

 Which would you recommend and why?
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Any Questions?
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Class Test

Pump Systems Optimisation (PSQO) User Training
(Egypt Edition — Sep 2021)

Albert Williams
Siraj Williams
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* Those wanting to participate in the PSO Expert Training
program and those requiring a certificate of competence
must achieve 70% or more

e Duration: 1 hour

 Multiple Choice — 25 Questions
* Open book, calculators

* No internet permitted

* No use of mobile phones
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End of Course

Thank you for your
participation

Please complete the
course evaluation
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Taymour lbrahim Albert Williams Siraj Williams
Egypt PMU Facilitator Facilitator

t.ibrahim@UNIDO.org aewenergy@gmail.com Siraj@triplepoint.co.za
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