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1 — General

Version 5.0

Version 4.4

Version 4.3

Version 4.2

Version 4.1

PumpSave is atool running on Microsoft Excel to calculate the energy savings
available when using ABB variable speed AC drives instead of other pump
control systems.

Comparisons are made with throttling control, ON/OFF control and adjustable
speed control using a hydraulic or other type of slipping drive.

Calculations are based on typical centrifugal pump operating characteristics
and some other assumptions. Consequently, the accuracy of the resultsis
limited. The accuracy of the resultsis also affected by the accuracy of the input
data. The results of this program must not be used as the basis for guaranteed
energy savings. \When more accurate computing is needed the DrivePumpl.2
PC SW from ABB Drives is recommended.

New industrial drive ACS880 added and the structure of worksheet changed
from horizontal to vertical. The datainputs are on one page and following
pageisreport. The vertical pages are supposed to be more user friendly
supported by PageUp and PageDown of keyboard and scroll wheel of modern
mouse.

Additionally the internal computing are made modern way. This anyway
prevents the usage on older the 2007 Excels. The US styleis supported later
with US version.

First multi language revision. ACS355 added. Microsoft® Excel 97 or later is
required for this version.

Added possibility to translate the PumpSave to languages.

The tables of ABB Drives have been updated for ACS550, ACH550 and new
drives added AC310, ACQ810 and minor changes done for ook and feel.

Thetables of ABB Drives have been updated and user manual corrected to the
level of current PumpSave. PumpSave 4.0 did not have avalid user manual.
Most data fields are popul ated with default values to help users.

efficiency given by the user, assuming 100% motor efficiency. This omission
has now been corrected.



2 — Starting and Running the Program

Software Required

Microsoft® Excel 2007 or later isrequired to run the energy calculation
workbook. Also you shall enable the running of macros. The permanent
settings for this are on Excel options/Trust center/Trust center settings/Marco
Settings.

Files Provided

The PumpSave files for pump drive calculations are incorporated into Excel
workbook named originally PumpSave50.xIsm.

Installation

Noinstallation is required but the workbook is can be copied to a hard disk and
short-cut arranged to desktop.

Opening the Workbook

Start Excel as usual. For pump calculations open PumpSave50.xlam.

Y ou may adjust the Ribbon etc settings of Excel to get more space.
PumpSave will open with zoom setting 100% to get overview of input page,
but you may zoom later on according to your preferences.

Disclaimer

At the end worksheet is the important disclaimer statement.



Worksheet

License Agreement and Copyright Notice

IMPORTANT - READ BEFORE COPYING, OPEMING OR. USIMNG,

Do not copy, open, or use the Calculation Toal provided under this license agreement ("License"), until you have carefully
read the following terms and conditions,

By copying, opening, or otherwise using the Caloulation Tool, you agree to be bound by the terms of this License, If vou do
not agree ko the terms of this Uicense, do not copy, open, or use the Calculation Tool.

License Agreement and Copyright Motice

ABE hereby grants Licensee a non-exclusive, non-transferable, rovalty-free license to use For information purposes, copy
and distribute this energy savings calculation tool (hereafter “Calculation Tool”) published by ABE in accordance with the
terms and conditions of this License, All intellectual property rights and title bo the Calculation Tool shall remain with ABE and
no interest or ownership therein is conveyed ko Licensee, Mo right ko modify (even For purposes of error correction), adapt,
decompile or translate the Calculation Tool or create derivative works therefrom is granted to Licensee, Except as expressly
provided for in this License, no license or right is granted to Licensee directly or by implication, inducement, estoppel or
otherwise,

Permission o use For infarmation purposes, copy and distribute this caleulation tool published by ABE is hereby granted an
the condition that each copy contains this License Agreement and Copyright Motice in its entireky and that the use of this
calculation tool is restricted For information purposes only, Even though every effort has been made to ensure a sufficient
accuracy of the resulks in a bypical situation, the results given by this Calculation Tool must not be perceived as guaranteed
Energy savings.

Disclaimer of Warranty, ALL INFORMATION, CALCULATIONS MADE AND RESULTS WITHIN THIS CALCULATION TOOL ARE
PROYIDED AS IS WITHOUT AMY REPRE SENTATION OR WARRANTY OF ANY KIND EITHER EXPRESS OR IMPLIED INCLUDING
BUT MOT LIMITED T IMPLIED \WARRANTIES FOR MERCHAMTABILITY, FITNESS FOR & PARTICULAR, PLURPCSE QR MON-
INFRINGEMEMT, THIS TOOL AMND ANY OTHER: ABE DOCUMENTATION MAY INCLUDE TECHMICAL INACCURACIES OR,
TYPOGRAPHICAL ERRORS, CHAMGES AND ADDITIONS MAY BE MADE BY ABE FROM TIME TO TIME TO AMY INFORMATION
CONTAIMED HEREIM, THE LICENSEE IS5 SOLELY RESPONSIELE FOR DETERMINING THE APPROPRIATENESS OF LSING OR.
DISTRIBUTIMNG THE CALCULATION TOOL AMD ASSUMES ANY RISKS ASSOCIATED WITH HIS EXERCISE OF PERMISSIONS
UMDER. THIS LICEMSE, [
Lirnitation of Lisbility. In no event and under no legal theaory, whether in tart (including negligence), contrack, or otherwise,
unless required by applicable law (such as deliberate and grossly negligent acts), shall AEE be liable For any damages,
including any direct, indirect, special, incidental, or consequential damages of any kind arising as a resulk of this License or
out of the use or inability to use the Calculation Tool {including but not limited to damages for loss of goodwill, work
stoppage, computer Failure or malfunction, or any and all other commercial damages or losses), even iF ABE has been
advised of the possibility of such damages.

Copryright 1994-2005 ABE. All rights reserved.

1 accept all the terms of this Agreement. 1 do nat accept the terms of this Agreement.

The language setting is on top right corner. The translated words and help
texts are taken from Language sheet based on English keywords. This manual
explains the English ones.

' - = ADD
English I

SuUmi
Deutsch

Frangais
Fy CoRMIA
Fartugués

The Worksheet print will print atwo page report by default.



3 — PumpSave worksheet inputs and results

General

All white fields on the sheet are for entering information and data Figure 1.
The sheet isfilled in by default values to help users to right away find the idea
of workshest.

The small graph next to Pump data will illustrate the user inputs regarding
nominal head, Max head and Static head. With this user will seeif the input
datais compatible.

The Results are displayed on second page Figure 2.
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Figure 1 PumpSave input page



Input data

Pump data

The required data includes pump data, existing flow control method, motor and
supply voltage data and operating profile.

Economic data such as energy price and investment cost is required in order to
get figures for investment appraisal.

Nominal volume flow, Q, (m3/h)

Enter the maximum system flow in cubic meters per hour, which the existing
system will deliver and the pump must reach with existing control. PumpSave
will assume that exactly the same flow has to be delivered also with AC drive.
The energy saving calculation is based on flow rates that are equal to or less
than Qn.

Nominal head H, (m)

Enter the head in meters that must be generated by the pump to produce the
given nominal volume flow Q,considering the system curve. The value must
be determined from the pump curve and system curve intersection. One
assumption which PumpSave makes is that the system curve with existing
control and AC Drive control are the same. Inreality thisis seldom the case.
In DrivePump SW the two are separate values.

Maximum head Hmax (M)

Enter the max head that will be devel oped by the pump at full speed and zero
flow. The value must be determined from the pump curve. If the pump curves
look complicated select aH,,,, which together with H,, define a nice second
order curvein therange 20....100% Q.

Efficiency, np (%)
Enter the efficiency of the pump at volumeflow Q,,. The efficiency value
should be given with the impeller which will be used.

Liquid density, p (kg/m3)
Enter the density of the liquid at the pump inlet in kilograms per cubic meter.

The density of water is 1000 kg/mS3.

Static head, Hg; (m)

The static head is the difference between the static pressure at the pump
discharge and the static pressure at the pump inlet but converted to head. It is
the net distance that the pumped fluid islifted, but additionally the pressure
(liquid and gas) in the container has to be taken into account while determining
the static head.

Existing Flow control

Pick the existing control method that you want to compare with ABB AC
Drive control. The control method is selected from the drop-down list on the
upper left part of the sheet. The options are throttling, on/off control, and
hydraulic control.



The smaller energy usage of frequency converter is compared to alarge energy
required by:

* Throttling which means the liquid flow control is made by throttling valve
and motor and pump is running at full speed and pressure.

» ON/OFF which means ON/OFF duty is adjusted according to flow
requirements and areservoir isavailable. The control can’t be as good as with
speed control. When pump and motor is running they run at full speed.

» Hydraulicwhich is based on hydraulic drive or some other type of slipping
drive such as an eddy current magnetic coupling drive. The motor is running
with full speed but with slip the pump shaft is controlled.

Drive and Motor Data

Supply voltage
Enter the reference supply voltage to be used. The value should be between
115 (1-ph) to 690 V (3-ph). Thisis used to screen out drive types.

Required motor power

PumpSave is computing from pump data the required motor output power
including 10% thermal margin. Based on this number you shall enter the
Motor power.

Motor power (kW)
Enter the nameplate power rating of the motor. Thisis used to select the proper

driverating. The program uses calculated power demand to determine energy
savings.

Motor efficiency, nm (%)

Enter the motor efficiency from the motor nameplate or from other data
supplied by the motor manufacturer. Use the efficiency for full load operation
on fixed frequency utility power. The program will adjust the efficiency for
operation at reduced speeds and loads. If the motor is oversized for the
application, enter the efficiency for operation at the maximum applied |oad.

Improved control by
User should select the drive family from drop down box. PumpSave will pick
the drive rating based on motor power and voltage.



Flow profile

Economic Data

Annual running time
In other words, thisis the total operating time per year (h). Enter the number of

hours that the pump is expected to run during a year’ s time. For 24 hour, 365-
day operation, enter 8760 hours.

Operating Time at Different Flow Rates (%)

Enter the estimated time as a percentage of the total operating time for
operation at each of the listed flow rates from 100% to 20%. Enter zero for
flow rates that are not used. The sum of the entered percentages shall be 100%.
A figure under the white cells show the sum. If it is not 100, a comment “Sums
must equal 100%” is shown.

Currency unit
Specify here the currency to be used in calculations.

Energy price (per kWh)

Enter the price of energy per kilowatt-hour (kWh). The PumpSave program
does not have provisions for calculating demand charges. To estimate energy
cost including demand charges, enter the average cost of energy per kWh
including average demand charges. Please consider the rising energy prices.

Investment cost

Enter the estimated additional cost of purchasing and installing a variable
speed AC drive as compared to the alternative method of flow control used in
the comparison. Use the same currency units as entered for energy cost. This
entry will be used to calculate the direct payback time. If the existing system
needs costly maintenance cost compute the net present value of those and
deduct from investment amount.

Interest rate (%)
Thisisthe compensation for capital in the net present value calculation.

CO2 emission (kg/kWh)
Thisvalue shall reflect the local conditions: the emission per kwh.



Results

The results of the calculations include the estimated annual energy
consumption for the existing control method and for AC drive control, the
difference of these two, which equals the annual energy saving.

PumpSave also estimates the reduction in carbon dioxide (CO,) emissions due
to the reduced el ectricity consumption.

Payback period is calculated for the investment in the drive as compared to the
alternative method of flow control.

Figure 2 PumpSave results page
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Calculated savings

Annual energy saving (MWh)
Thisisthe energy difference in favor of frequency converter control.

Energy consumption (MWh)
These are shown for both with existing control method and new control
methods.

Saving percentage
The reduction in electricity costsin percents. Thisisalso, of course, the energy
saving in percents.

Energy consumption —graph (kWh)
The calculated energy used annually with the two control methods are shown
as function of flow.

Power consumption — graph (kW)
The calculated power demand with the two control methods are shown as
function of flow.

Economic results

Annual Saving
Thisis how much money you save thanks to the variable speed control by AC
drive annually. Money saving comes in the form of smaller electricity hill.

Payback period
This direct payback time shows how soon the savings cover the investment
cost.

Annual CO, reduction (t/year)
Thisisthereduction in tons per year, which results from the reduced energy
consumption due to variable speed control.
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5 — Explanation of Calculations

Pump operating point

H max

Hoyn<

Hst

In this chapter, the formulas behind PumpSave cal cul ations are presented. The
formulas use metric units. If the user enters the datain US units, PumpSave
convertsit to metric units first. The conversion factors are given in the end of
this manual.

The formulafor the pump curve estimate used in calculationsis:

Q)
Hy =Hoo —| =| «(Ho—H
) W[Qn]w )

This might be somewhat erroneous to submersible and high characteristic
speed pumps etc.

Respectively, the system curve used in calculationsis

Q2
Hy =Hg+| =-| -(H, -H
Sl §+[QJ (n i)

n

A pump will always operate where these curves intersect, as Graph 1 shows.
Please notice that the point defined by H, and Q, is assumed to be known and
valid for pump and system curve.

system curve, Hs=Hsr+H(Qi¥Qn)*(Hn-Hs)

Hy@===========-mmmmooooo-

pump curve, Hyi=Hmax(Q¥Qn)’ (Hmax-Hr)

SYSTEM

v

O
Qn

Graph.1. Typical pump and system curves.

When adjusting the pump speed to control the volume flow, the process moves
via system curve Hsi. Respectively, when throttling the pipeline the pump
operates continuously at the same speed, and the movement of the processis
viapump curve Hpi.

Pump drive calculations

The nominal shaft power of apump is calculated from the formula

12



_p-Q,-H,-0081

Mp
In the calculation sheets, calculations are at single points for Q = 20% to 100%
of nominal pump flow Qn. Q isthe actual flow. H isthe total dynamic head at
flow Q. The efficiency figures are multiplied with k-factors witch take into

account operating conditions with some accuracy. These correcting factors are
defined based on experience.

P

Efficiency
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100 %[ """ TTT TS c-TToToTomooTommmmmmmo o
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95 %
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v

Graph 2. Typical efficiencies.

Flow

This gives the following formulas for power calculations:

Frequency converter control

p-Qi-Hsi -9.81

Pvsdi = , _
(np -nm-kmi - kvsdi *nvsd)

, Where

kmi = (QI /Qn)(02—02~Hst/Hn)
kvsdi = table

Throttling control, assuming constant motor efficiency

p-Qi-Hpi-9.81
(7p- kpi -nm)

kpi = Qi -(2.4-1.44-(Qi /Qn))/Qn

Pthi =

, Where

ON/OFF control, assuming constant motor and pump efficiency

5 _ p-Qi-Hn-9.81
ON/OFF _avg — (UIO '77m)
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Unit Conversions

Hydraulic control,

p-Qi-Hsi -9.81
(p-nm- nhi)

Phyi = , where

nhi =0.98- {Qi +|(1-Qi)-0.75- (Hst/Hn)®* |
The rated efficiency of hydraulic coupling is assumed to be 98%.

The required power for the compared control method is calculated and the
energy consumption per year is thereafter calculated from the formula

E=>(Tki-Pi)

Please use the conversion tools found on Web to work with local non S| -units.
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