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1. General

Efficiency Tool is a Microsoft Excel based calculation tool for estimating energy savings associated with low-voltage AC motor and/or drive replacements. With the tool it is possible to compare the energy consumption of a drive system (i.e motor and drive) before and after a replacement project. A replacement refers to a situation where an AC motor and a drive exist, and both or either of these components are replaced with new ABB motor/drive.

Efficiency Tool is applicable to situations where a typical existing AC drive system with a motor nominal output power 3…630 kW is to be modernized (replaced). The motor must be standard IEC motor (50Hz). The AC drive is assumed to be a voltage-source PWM frequency converter. The line voltage class must be “low voltage” i.e less than 1000 V. 

The results of the calculations also include economic information, such as the payback period of the replacement investment and its net present value (NPV). In addition, Efficiency Tool estimates the annual reduction in greenhouse gas (GHG) emissions resulting from the improvement in a drive system’s energy efficiency. Carbon dioxide (CO2) is the most important of the greenhouse gases.

Efficiency calculations are based on typical IEC motor operating characteristics. The variation of efficiencies at different speeds and loads and with different AC drives are based on empirical data. Consequently, the accuracy of the results is limited. The accuracy of the results is also affected by the accuracy of the input data.

Results should be used only for estimating purposes. The results of this program must not be used as the basis for guaranteed energy savings.

Results of calculations can be printed out.

Efficiency Tool is not a dimensioning tool. Although it provides some information on required motor power and torque, the actual dimensioning of a motor and a drive should be made with software specially developed for that purpose, such as DriveWareTM .

2. Starting and Running the Program

Hardware Required

A desktop or a laptop PC.

Software Required
Microsoft Excel 97 or newer is required to open the energy calculation workbook.

Files Provided

The Efficiency Tool file is incorporated into Excel workbook EfficiencyTool10.xls.

Installation

The calculation workbook can be opened and run from the floppy disk or CD-ROM or the file can be copied to a hard disk. Hard disk installation is recommended if the program is to be used frequently.

Opening the Workbook

There are two ways to start using the Efficiency Tool:

-Start EXCEL as usual. Open EfficiencyTool10.xls. To open the workbook, select File from the menu bar at the top of the screen and then select Open from the drop-down menu. In the dialog box, select the drive in which the Efficiency Tool files are located from the list of drives. Select the folder containing the Efficiency Tool file from the list of folders. Select DSReplace.xls in the list of file names and click OK.

Or

-Find EfficiencyTool10.xls using Windows Explorer or File Manager. Double-click the icon. Excel will start with the Efficiency Tool workbook opened.

In both cases, Excel will open in the “full screen” mode which means that the toolbars you normally see with Excel are hidden. The intention of this is to make the user interface of Tool more clear.

Macros

When opening the Efficiency Tool workbook, it is possible that Excel warns about possible macro viruses. In order to the tool to operate properly, “Enable macros” option should be selected. It is recommended that the workbook be checked for viruses with an up-to-date anti-virus software before opening it.

Selecting the Scope of Replacement

As Efficiency Tool is started, an opening sheet is displayed. Figure 1 shows the opening sheet.
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Figure 1 The opening sheet of the Efficiency Tool

Here, you should select one of the three options, depending upon what component(s) you are planning to replace in your drive system. If you are planning to replace both the drive and the motor with new ones, select the first option. But, if you are planning to replace only the drive, select the second option. In case only the existing motor is to be replaced, select the third option. 

It is also possible to use tool for estimating the efficiency of a single drive system without comparing it to another (no replacement). If this is the case, select the last option “AC motor & drive efficiency”. 

After you have made the choice, click “Continue”.
Data Sheet

Next, a data sheet with a “Filling instructions” window will open for the selected option. Figure 2 shows a typical data sheet. The data sheets are calculation spreadsheets where data is entered and results are presented in numerical form. There are three types of data sheets; one for each replacement option (drive/motor/both). There is also a separate data sheet for no-replacement case.
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Figure 2. Data sheet when opened for the first time
Once you have read the filling instructions, click “Continue” to close the window. Now you can see the calculation sheet entirely. It consists of several fields, four of which are for input data and one is for results. The input data is grouped onto the left side of the screen and results appear onto the right screen side.

Moving between cells: To do this, move the mouse pointer on the cell you want to edit (white cells) and click the left mouse button. Or, use tab or arrow keys to move between cells.
Load Data

In this field the load of the motor is specified by means of type, maximum power, annual running time and its distribution. Fig 3 illustrates these. 
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Figure 3. Load data field
First, pick the applicable load type from the drop-down list. The options are:

· Quadratic torque is the most common load type. Typical applications are centrifugal pumps and fans. The torque is quadratically and the power is cubically proportional to the rotating speed.
· Constant torque load type is typical for screw compressors, feeders and conveyors. Torque is constant and the power is linearly proportional to the rotating speed.
· Constant power load occurs when material is being rolled and the diameter changes during rolling, e.g in winder. The power is constant and the torque is inversely proportional to the rotating speed.
· Constant power/torque load type is common in the paper industry. It is a combination of constant power and constant torque load types. This load type is often a consequence when the system is dimensioned according to certain power demand at high speed. In this tool an assumption is made that the torque remains constant up to the nominal speed of the motor (corresponding inverter output frequency of 50 Hz). Above this speed (frequency), the output power remains constant up to the maximum speed specified by the user.
· Other. In case that the load type does not fall into any of the above mentioned categories, it is possible to specify the load type by means of mechanical power and corresponding rotating speed at several operating points. Up to nine operating points can be fixed.
Beneath the load type box, you need to specify the maximum mechanical power required in kW and the corresponding motor rotating speed. From these values the torque at this point is calculated and is shown.

Annual running time and profile (duty cycle)

Now the annual running time of the drive system is to be given. The total number of hours in a year is 8760, so this is also the longest possible annual running time. Put here the total number of hours the motor is running in your system yearly. How long the motor is running at different speeds, is specified next.

The speed range of the motor in your system is divided into nine classes, representing process speeds from 20% to 100%. 100% process speed corresponds to the motor maximum rotating speed you have given above. Please note that this speed is not necessarily the nominal speed imprinted in your motor’s name plate, but can be lower or higher as well. It depends on how your motor system has been dimensioned (output frequency of the converter) and on the gear ratio.

Specify the running profile by entering the time percentage values for each of the nine speed classes so that the percentage sum shown beneath equals 100. In other words: If your machine (e.g a fan) operates 20 percent of its running time at full speed, enter “20” into the first of the nine boxes. Likewise, if the motor runs 15 percent of the running time at 90% speed, enter “15” into the box next beneath. Proceed this way until the sum of the values you have entered reaches 100. 

A red warning “THIS SUM MUST EQUAL 100! ” is shown if the sum does not equal 100. Entering the time percentage values can be done by clicking the “spinner” buttons next to the values or by typing. The corresponding running time for each speed class in hours is displayed next to the right and the speed percentage is shown further to the right. The running profile is displayed in graphical form in a bar chart. The motor rotating speed for each speed class can be read along the vertical axis of the graph.

Default running profile: If you have no idea of how the annual running time is distributed across speed classes, you can use the default running profile which gives biggest emphasis on 60-70% running speeds. Click the “Default” button to use the default profile. Note that even if you use the default profile, you still have to enter the kW and rpm values for the maximum power operating point yourself as well as the total annual running time.

Drive System Data

The next information applies when “Both the drive and the motor” option has been selected. This is the full replacement case. If you have selected one of the three other options, please ignore the non-applicable parts in the following: (for example, if you have selected to replace only the drive, the data on the “new” motor does not apply to your case because there is no new motor!)
Motor Data
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Figure 4.

In the box in fig. 4, the existing (i.e old) motor is to be defined in terms of the name plate values. These are

· nominal power [kW]

· nominal voltage [V]

· nominal current [A]

· power factor (cos ()

· nominal speed [rpm]

The efficiency at the nominal point is not needed, as it is calculated from the values above. So, simply retrieve the above mentioned values from the name plate of your existing motor. 

New motor data

Just pick the correct motor size (output kW) from the drop-down list. The listed motor power values (3…630kW) are for standard IEC motor sizes. The Efficiency Tool selects automatically ABB M3000 motor (if available) according to given output power and pole number. The latter is determined by the rotating speed of the existing motor and it is assumed that it remains the same also in the new motor. The nominal efficiency of the new motor is displayed.

Drive data

The Efficiency Tool takes into account only two parameters of the drives (frequency converters) in calculations: Nominal efficiency and the switching frequency. So, the nominal power of the drive is not needed. The Efficiency Tool simply assumes that the capacity of the drive is adequate for the motor system defined earlier. This means that the load and the motor determine the necessary output power of the drive.
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Figure 5. The field for entering drive data

Like with motors, the drive data is entered in two boxes: one for old drive and the other for new.

Old drive

If the old drive you are going to replace with a new one is of Strömberg/ ABB design (SAMIs), you can pick the model straight from the drop-down (or up!) list. The possible types are SAMI A, B, C, Ministar, Microstar, Flowstar, and STAR.
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Figure 6. Selecting the old drive

If you are replacing a type not listed here, select the last option “Other”. Now, you need to know the nominal efficiency of the drive and its switching frequency and enter them into the appearing window. This data can be found from the documentation of your drive. If not found, contact the drive manufacturer.

New drive

The values for ACS 600 are default values. These are: efficiency 98% and switching frequency 3000 Hz. If the line voltage is 690 V, then use 2000 Hz as the switching frequency for ACS 600.

Economic data

In order to be able to evaluate the replacement in economic measures, the following data is needed:

Energy Price

The electricity price in EUR per kWh.

Investment cost

The price of the new drive system (motor or drive or both) plus installation.

Interest rate

This represents the cost of capital for the customer. In calculations, the value entered here has an effect on the net present value. Enter the value in percent form (e.g 10%).

Service life

The prospective service life of the new drive system in years (e.g 12 years).
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Figure 7. Economic input data

Results
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Energy consumed –chart

The energy consumed chart illustrates in two columns the calculated annual energy consumption of the old drive system (left column) and the new one (right). The kWh values are displayed on top of each column.

Annual Energy Saving

The difference in energy consumption of the new and old drive systems is the energy saving per year. It is shown as a numerical value beneath the column chart.

Greenhouse Gas Reduction
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A reduction in the energy consumption of a drive system leads to lesser greenhouse gas (GHG) emissions. Carbon dioxide CO2 is the most important of the greenhouse gases. Efficiency Tool estimates the magnitude of the GHG reduction resulting from the motor/drive replacement is by the in kg/ year. In order to be able to calculate the reduction, the specific GHG emission is required as input data. GHG emission per unit means that how much CO2 is emitted when one kWh of electricity is consumed. The value depends on how the electricity is produced. For example, coal-fired condensing power plant produces high CO2 emissions, whereas nuclear power causes practically no CO2 emissions. The value on which the calculations are based on can be changed by clicking the spinner buttons. The range is 0-2.5 kg CO2 per kWh at 0.1 kg increments. The default value is 0.5 kg /kWh which can be used to reflect the average European electrical power generating mix.

Annual money saving

This is the annual money saving due to the reduced electricity consumption of the modernized drive system. It is, of course, dependent on the energy price entered in “Economic data” box.

Payback period

The direct payback period of the replacement in years. “Direct” means that no interest rate is taken into account.

NPV

The net present value is a more advanced investment criterion than the payback period. If NPV is positive, the replacement project is profitable.

Profitability index

Equals NPV per investment. Profitability index can be used to rank replacement projects. 

Estimated cut in energy costs

This is the energy saving in percents.

Buttons

Adjust screen size

Efficiency Tool is optimized to computer screen resolution of 1024 x 768 pixels, or greater. If the desktop area is smaller (e.g 800x600), not the entire worksheet area is visible. To correct this, click the “Adjust Screen Size”button.

Losses and efficiencies

Clicking this button gets you to a sheet showing the estimated losses and efficiencies of the old and new drive system based on the data you have given.

Restart

Shows the opening sheet of Efficiency Tool. Here you can change the scope of replacement. For example, if you initially planned to replace only the drive and made the calculations according to that, and now, you decide it would be better to replace also the motor, use this restart feature. 

Print to the default printer

Click this button to get a paper copy of the Efficiency Tool calculations.

Customer, application

The customer and application data can be entered to the top-right corner of the Efficiency Tool sheet in order to be able to later identify the calculations made.

Explanation of calculations

The underlying principle of Efficiency Tool is that it calculates first of all the power values that are required by the load machine in different operating points. Then it calculates the input power required both by the existing drive system and the new drive system. Using the running profile and duration the user enters, corresponding energy consumptions are calculated. When these two are compared with each other, the difference equals the energy saving achieved by the drive system replacement. Figure x presents the overall calculation path.


[image: image8.wmf]Calculating mechanical power required 

by load



Max.

mech.

power

Rotating 

speed rpm

at max 

power

Load 

type

Calculating electrical 

power required by old 

motor

Calculating electrical 

power required by 

new motor

Calculating electrical 

power required by old 

drive

Calculating electrical 

power required by 

new drive

Calculating energy 

consumed by old 

system

Calculating energy 

consumed by new 

system

Difference = 

Annual energy saving

Old 

motor 

data

New 

motor 

data

Old 

drive 

data

New 

drive 

data

Operating 

time profile

Specific 

GHG 

emission

Annual 

GreenHouse Gas 

reduction

Investment 

cost

Interest 

rate

Service 

life

Energy 

price

Net Present 

Value

Annual money 

saving

Profitability index

Investment 

appraisal 

calculations

Estimated cut in 

energy costs


The calculations start with the maximum mechanical power Pmax required by the load machine and the motor rotating speed RPM at which this maximum power is achieved. These values are entered by the user.

Load calculation

After the user has given the maximum power Pmax and the corresponding motor rotating speed and the load type, Efficiency Tool calculates the mechanical power values at different speeds using the formula
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where Pmech  is the mechanical power required at different rotating speeds n in rotations per minute (rpm), nnom is the motor nominal rotating speed, and a the exponent depending on the load type as explained in Table 1.

Table 1 Different load types and the corresponding exponent values for determining mechanical power at different speeds in Efficiency Tool

Load type
Example application
Value of a

Quadratic torque
Pump, fan
3

Constant torque
Screw compressor
1

Constant power
Winder
0

Constant power/torque
Paper machine
0/1*

* In constant power/torque load type, torque is held constant up to certain rotating speed, and above that power is held constant

Also the torque is calculated at different rotating speeds. This is needed later, as the motor losses will be divided between load-dependent and other losses. The relationship between torque T and power P in a rotational movement is
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where 
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 is the angular speed.

Angular speed ( converts into rotational frequency n, given in s-1
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As rotating speed is usually given in revolutions per minute (rpm), the corresponding angular speed is
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Now the mechanical power can be written out in terms of torque and rotating speed
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As kilowatt (kW) is a more convenient unit of output power for industrial size electric motors than watt is, the output power in kW can be expressed as
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This is the formula Efficiency Tool uses for calculating mechanical power.

Motor calculation

The electric power taken by a three-phase motor is given by the following equation
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where U is the nominal voltage, I the nominal current, and cos ( the power factor of the motor. These values are stamped into the rating plate of the motor.

Knowing the mechanical power, which is the rated power of a motor, losses can be calculated by subtraction
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This is the motor nominal loss, which occurs in direct-on-line operation at the rated load.

Calculating motor input power

To calculate the motor input power at any given speed and load, Efficiency Tool estimates the motor losses, which comprise the sine losses and the harmonic losses:
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Sine loss is assumed to consist of no-load loss, speed-dependent loss, and load-dependent loss as follows
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where f is the output frequency of an AC drive, fnom is the nominal supply frequency (50 Hz), T is the actual torque of the motor, and Tnom is the nominal torque of the motor. The coefficients 0.2, 0.15, and 0.65 are empirical weighting factors for the different loss types.

Harmonic loss comes from the equation, which is empirical of nature
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The harmonic loss is inversely proportional to the switching frequency fsw of the AC drive, and does not depend on the load.

Having calculated the motor losses, it is now possible to determine the motor input power
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Drive calculation

Electric power drawn by the motor equals the electric power supplied by the drive at any given time:


[image: image22.wmf]out

drive

in

motor

P

P

_

_

=


Drive loss calculation

First, in order to calculate the nominal loss of a drive, the nominal power supplied by the drive has to be determined
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The nominal loss of a drive is then calculated using the drive efficiency and the power supplied by the drive. 
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As with motor, to be able to estimate the drive losses at any given load and motor rotating speed, the drive losses are divided into three parts: no-load basic loss, speed-dependent no-load loss, and load-dependent loss. The weighting factors for these are 0.35, 0.1, and 0.55 respectively, and have been derived empirically. The equation for drive loss is 
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No-load basic loss is incurred by the drive control section and the cooling fan. As the equation reveals, the most important variable affecting the drive loss is the load (torque) taken from the motor shaft.

The drive input power is then obtained simply by adding the losses to the drive output power
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The drive input power is now the electric power consumed by the drive system at any load and any rotating speed.

Energy calculations

Knowing the power consumptions at different system speeds and their durations, it is easy to proceed to energy consumptions. Energy consumed by the drive system Ei at a given operating point equals the electrical input power to the drive Pdrive_in at that point multiplied by the duration ti of the operation at that point.
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As Efficiency Tool allows for nine different operating points representing the system speeds from full speed to 20% speed, the energy consumed by the drive system is then obtained by adding the energy consumptions at each individual operating points together
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Comparison of drive systems

Energy saving

In calculation options that compare old and new drive systems, the loss and energy calculations described earlier are performed separately for each of the drive systems. After this, it is easy to compare the drive systems by comparing their energy consumptions
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Greenhouse gas reduction

The reduction of greenhouse gases (GHGs) is obtained by multiplying the energy saving by the per-unit emission of greenhouse gases
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where GHGperunit can vary between 0-2.5 kg/kWh, to reflect the method of power generation.

Economic calculations

Annual money saving is the reduction in energy costs and it is achieved when the energy saving per year is multiplied by the energy price
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The relative cut in energy costs equals the relative energy saving
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Payback period refers to the payback time of investing into new drive and/or motor.
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PBP gives the payback period in years. Cinvestment is the investment cost.

Net present value (NPV) is calculated as follows: Annual money savings are regarded as annual cash flows. The interest rate is then used to discount the cash flows over the service life. The sum of these discounted cash flows is called present value (PV). Net present value (NPV) is then calculated by subtracting the investment from the PV.
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where n is the service life of new equipment in years, r is the discount rate, or the cost of capital.

Profitability index is calculated using the following equation:
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Example of a Data Sheet
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