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“Issue#EE02:

VARIABLE SPEED DRIVES (VSD’s) ARE USEFUL IF THE SPEED OF A PUMP OR FAN IS "VARIABLE" 

Presented By: Pandurang S. Jalkote

User ID: psjalkote

What are Variable Speed Drives or VSDs?

VSD are electronic motor speed controllers that allow the speed (RPM) of any three-phase electric motor to be varied from 0 to 120% of normal (rated RPM). VSD increase efficiency by allowing motors to be operated at the ideal speed for every load condition. In many applications VSD reduce motor electricity consumption by 30-60%. Considering that motor systems use more than 60% of the electrical power consumed by industry in the U.S. and that motors can use many times their purchase price in electricity costs each year, the potential for savings is enormous. VSD were invented more than 25 years ago and are a mature and reliable technology. Until recently the high cost of VSD and the complexity of installing them limited their application to major industrial facilities such as paper mills and electricity generating plants. Over the last decade, however, VSD costs have dropped dramatically and improvements have vastly simplified their installation. Today they are enabling some of the best energy efficiency retrofit programs available to building and plant owners and operators.

When Are VSDs Used?

VSD can be installed on any electric motor, but achieve the largest energy savings when applied to fan and pumping system motors. The energy efficiency of almost any pump or fan system can be substantially increased by the addition of a VSD motor controller because these systems are either oversized or must respond to widely varying load conditions. In many systems excess capacity is still handled by mechanically throttling flow with dampers or valves.

This is extremely inefficient because the motor continues to work hard to deliver at its full capacity. By changing the speed of the electric motors powering these fan and pump systems, VSD allow them to follow system loads while at the same time capturing the energy efficiency benefits offered by the so-called “Fan Laws”. The Fan Laws state that the power required by most fans or pumps varies with the cube of speed but that output varies directly with speed. For example, if a fan load is 50% of its total capacity during some periods of its operation, the fan’s speed can be reduced to 50% to exactly meet that load, while the fan power is reduced by over 85% = ((1 - 0.53)*100%). VSD can be programmed to adjust motor speed based on a variety of load inputs including: temperature, pressure, flow rates, or time of day set points.

VSD can be justified on motors as small as 5 hp. The larger the motor and the longer the number of operating hours per year the better the savings is likely to be. The installation of VSD motor controllers also often results in improved system operating performance and reduced wear and tear and maintenance.

Pump and fan applications 

Pump and fan applications account for around 38 per cent of the end uses of motive power in industry. In pump and fan applications, the power consumed is proportional to the operating speed cubed. Efficiencies of pumps and fans vary greatly and depend on operational requirements. Fine-tuning the system can have a big impact on energy consumption.  Although pump (or fan) and system are two separate entities, they are totally dependent on each other. Changing one will have a significant impact on the performance of the other.

The key areas where fluid energy is most commonly wasted are: 

· Excess head (pressure) that must be throttled 

· More flow than necessary to accomplish the purpose of the system 

· Unnecessary flow paths 

· Excessive frictional losses. 

Survey and Analysis:
When improving the efficiency of centrifugal pump and fan systems, it is important that the savings justify the expense and effort. The four-step assessment framework outlined below will help to identify cost-effective opportunities for energy savings on site, which require minimum effort.

1. Initial Review:

This table can use to collect basic plant information for an initial review of energy-saving opportunities. Or can develop a more systematic review process by incorporating efficiency and load data into plant inventory.
	Plant identity 

	Weekly operating hours 

	Motor size HP 

	Operating requirements (steady, variable) 

	%Average throttling at outlet 

	Other 
e.g. cavitations blocked filters 


	  

	  

	  

	  

	  

	  


	  

	  

	  

	  

	  

	  



	


The following thumb rules of will help to prioritize these opportunities: 

1. The longer the operating hours the higher the potential savings. Applications that operate more than 80 hours a week are likely to represent the best opportunities. 

2. Applications that have the highest horsepower are likely to produce the highest savings. 

3. Steady applications with more than 10 per cent throttling represent opportunities for improved pump efficiency, often at little cost. 

4. Variable applications that use throttling as a form of control and operate below full load for a significant length of time offer potential opportunities for higher efficiency through improved control technologies. 

5. Applications that have blocked filters, cavitations or poorly maintained pipe-ductwork can deliver savings with improved maintenance.  

2. Collecting Data:

To examine in more detail the best opportunities determined in your initial review, you would need to collect more data. The purpose of gathering this data is to develop a system performance curve and apply this to the pump (fan) diagram to establish the specific operating points. This step may require the assistance of a qualified engineer, or your pump or fan supplier.

You will require: 

· A process and instrumentation (P&ID) diagram—this may be a simple hand drawn sketch showing the equipment, layout, process and instrumentation 

· The pump (fan) design data (characteristic curves) 

· Operational data—flow, pressure, current and duration. 

From this data, you can establish the system resistance curve and the load duty cycle. When you consider this information in conjunction with the pump and fan characteristic curves, you will develop a full understanding of the performance enhancement opportunities. 

3. System Review:

Systems can be classed as one of three types: 

1. Steady: constant load single operating point 

2. Discrete: two to four operating points 

3. Variable: greater than four operating points. 

Investigate the following options, including estimated costs and savings. Your equipment supplier may be able to help with this analysis.

	Steady 

	Discrete 

	Variable 


	Reduction of impeller diameter  

	Multiple speed motors 

	Variable speed drive 


	Variable inlet guide vanes for fans 

	Variable inlet guide vanes for fans 

	Variable inlet guide vanes for fans + multiple speed motor 


	High efficiency motors  

	High efficiency motors 

	High efficiency motors 


	Equipment upgrade (new pump) 

	Booster pump/fan 

	Booster fan + variable inlet guide vanes 



	


4. Economic Review:

The last step is to determine which option presents the best opportunity for your site. The best way to do this is to compare the life cycle cost of each option using a ‘net present cost' calculation (available in most spreadsheets). This will take into account the capital cost, running costs and your company's investment criteria. It is important you also keep in mind other benefits such as 

Reduced noise.

Higher reliability.

Less maintenance.

That may tip the balance and justify greater expenditure to improve efficiency.
· Pump and fan characteristics 

· Pump and fan control devices 

· Fine-tuning of pump and fan applications. 

Pump and fan characteristics

Pumps move mainly incompressible fluids (like water) and fans move compressible fluids (gases like air). Pumps and fans each come in two basic types:  

Pumps 

· Centrifugal—fluid is spun around and ejected by centrifugal action. These are the most common pumps used in industry. 

· Positive displacement- a set volume of fluid is physically moved, often by a piston. These pumps are less common, and are used for thick and viscous fluids under high pressure or where the delivery flow must be precise. 

Fans 

· Centrifugal—the same principle as the centrifugal pump. These are generally higher efficiency, up to 80 per cent, with the exception of the radial fan, which is around 50 per cent to 60 per cent but does not clog easily. 

· Axial propeller-based fans—generally these low efficiency fans are used in free air or where space is at a premium. Aerofoil section blade fans are the exception, with high efficiencies—up to 90 per cent.  

Performance characteristics

The performance characteristics of pumps and fans are most often presented in a graphic form called ‘characteristic curves'. These curves describe characteristics of available head (pressure) and efficiency and power consumption, from zero to maximum flow. A family of performance curves can exist for various impeller diameters.

Understanding performance curves enables you to check the performance of existing pumps, and identify opportunities for reducing your operating costs. For example, reduced operating costs can often be achieved by machining a pump impeller to get a better match between pump performance and the system requirements.

Performance curves are available from your equipment manufacturer and are often found in equipment operating manuals. 

A typical pump curve

This is an animated graphic showing a typical pump curve. It will keep cycling so do not worry if you miss it the first time.
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System curve

A pump or fan can operate at any point on its performance curve. The actual operating point is determined by the system requirements of flow and pressure. It is important that you select or modify your pump or fan so the operating point occurs in a zone of high efficiency. As you can see, pump efficiencies can vary significantly. In the diagram below, for example, efficiencies vary from 40 to 80 per cent.

In the next example, a system curve is superimposed on the pump curves so you can see the operating point. 
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Load duty cycle 

The load duty cycle depicts the operating points and their percentage of total operating time. Analysis of the load duty cycle is the key to determining the most viable optimization techniques. 
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Fan efficiency

Fan manufacturers generally use two ways to rate fan efficiency: mechanical efficiency

(Sometimes called the total efficiency) and static efficiency. Both measure how well the fan

converts horsepower into flow and pressure.

The equation for determining mechanical efficiency is:

ç = Q x (FSP + VP outlet) / CF x bhp

ç = Efficiency in decimal format

Q = Volume in cubic feet per minute
FSP = Fan static pressure in inches of water column

VP outlet = Velocity pressure in inches of water column at the fan’s outlet

CF = Conversion factor 6,356

Bhp = Fan brake horsepower

The static efficiency equation is the same except that the outlet velocity pressure is not added to

the fan static pressure. Most of the references to efficiency found in literature are mechanical or

total efficiency.

Fan Laws:
Relating Flow, Pressure, Fan Speed And Horsepower: The Cube Law

Changes in fan speed:

Flow, V, varies as fan speed

Pressure Rise, P, varies as fan speed squared

Horsepower, HP, varies as fan speed cubed

Example:

Assume you find that your fan is oversized. It is supplying 10,000 cfm at a pressure of 4 inches

of water, and requires 9 HP. You have determined that you need only 5000 cfm. By installing a

variable speed drive, you can reduce the speed by 50%.

10,000 cfm x 50% = 5,000 cfm

and   4 in. water x (50%)2 = 4 in. x 0.25 = 1 in. water

and   9 HP x (50%)3 = 9 HP x 0.125 = 1.1 HP

(Assuming the fan efficiency stays the same. It would probably drop somewhat, slightly

increasing power consumption. It would also be a good idea to purchase a smaller motor more

suited to this power range.)

Belts And Pulleys:

A fan can also be slowed down without installing a variable speed drive. Installing a larger belt pulley, or sheave (pronounced "shiv"), will permanently reduce the RPM of your fan, but will not allow you to speed it up and down.

The speed of the driven end of a belt and pulley system is equal to the ratio of the diameter of the drive pulley (motor end) to the driven pulley (fan end) times the RPM of the motor.

Fan Speed =Motor Speed x(D motor / D fan )

Example:

A motor turning at 1800 rpm has an 8-inch pulley. The fan it is driving has a 24-inch pulley.

The fan will turn at

1800 rpm x 8/24 = 600 rpm

To reduce the fan speed in half, as mentioned in the previous section, we would install a fan

Pulley of twice the diameter of the old one, or 48 inches. Note that we would also have to install

a larger belt.

Factors to be considered for:

Successful implementation of variable speed drives? 

1. [image: image5.png]


Work environment—what atmosphere will the drive and motor be subject to (volatile/non-volatile gases, moisture, dust etc.)? What is the ambient temperature? 

2. [image: image6.png]


Speed range—what speed range will the process require? What is the average operating speed? What is the allowable speed error? 

3. [image: image7.png]


Multi-motor—will the drive be controlling one or more motors? If several, will they start simultaneously or sequentially? 

4. [image: image8.png]


Required acceleration time—what is the maximum and minimum time for acceleration of the total drive inertia? 

5. [image: image9.png]


Process duty cycle—what percentage of the total operating time will the equipment operate at each speed?  

6. [image: image10.png]


Potential overheating—will overheating be a problem, especially for constant torque-reduced speed applications? 

7. [image: image11.png]


Protection features—what drive and equipment protection is required to maintain process continuity? Some drives trip instantly on an over-current condition, while others will maintain a constant torque to the motor and reduce the speed of the motor to maintain the current required (for several seconds up to several minutes depending on the drive backup supply). 

8. [image: image12.png]


Load torque requirements—what are the torque requirements of the process? 

9. [image: image13.png]


Extent of diagnostics—how critical is the down time of the load? If you want an extensive fault analysis, a digital drive provides the most accurate and precise fault indications, as it can store process and motor variables prior to the fault. Analog drives can normally indicate bus over-voltage, input under-voltage, drive over-temperature, output ground and drive over-current. 

10. [image: image14.png]


Drive system considerations—coordinated drive systems require accurate speed control between drives, and some digital drives can perform in a ‘master-slave' manner with direct communication that eliminates any additional inter-drive controller. You can have networking drives and process logic controllers (PLC) in a complete process monitoring and control system, if the drive has the required communication hardware and software. If process changes require different limits and responses, the limits and drive operating parameters can be downloaded from a computer or PLC while the process is running. 

How to evaluate energy savings in a variable speed application? 

1. Method of flow control to which adjustable speed is compared: 

· Output throttling (pump) or dampers (fan) 

· Re-circulation (pump) or unrestrained flow (fan) 

· Adjustable-speed coupling (eddy current coupling) 

· Inlet guide vanes or inlet dampers (fan only) 

· Two-speed motor. 

2. Pump or fan data: 

· Head v/s flow curve for every different type of liquid (pump) or gas (fan) that is handled 

· Pump efficiency curves.

3. Process information: 

· Specific gravity (for pumps) or specific density of products (for fans) 

· System resistance head/flow line or per cent static head and rated head and flow requirements 

· Equipment duty cycle, i.e. flow levels and time duration.   

4. Efficiency information on all relevant electrical system apparatus: 

· Motors, constant and variable speed 

· Variable speed drives 

· Gears 

· Transformers. 

If you do not have precise information for all of the above, you can make reasonable assumptions for points 2 and 4. However, if the information in points 1 and 3 is unknown, you will not be able to conduct a valid energy saving evaluation.

Control options

The most basic form of control is to manage flow by adding friction at the pump or fan outlet. For pumps, a throttle valve achieves this. For fans it is done with a damper. It is effective, but inefficient. For example, in situations where maximum flow is not required, and where throttling or damping is used continuously, efficiency can often be improved by reducing the diameter of the impeller. This is called trimming and is best done with the support of your original equipment supplier. 

Most industrial systems have pumping requirements with several operating points or variable flow and pressure requirements. Picking the pump (fan) with the optimum efficiency for a specific delivery is only part of the story. The other part is controlling the flow rate to match the process requirements. You can do this in several ways: 

1. Re-circulation—continuously runs the fluid round the system through a buffer tank 

2. Throttle control—uses valves or flaps to control the flow rate 

3. Cycle control—turns the pump on and off to control the flow 

4. VSD or ASD—stands for variable or adjustable speed drive, and controls the pump's speed to control the flow. 

The most efficient control option is the one that most closely matches the ideal pump curve, which is shown in the graph below. 
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To select the appropriate control option you need to balance the capital cost of the control equipment against the savings you will achieve. Although the more efficient control options generally have higher initial set up costs, they can result in large and reoccurring energy savings over the life cycle of the equipment. 

Variable speed drive manufacturers often help their customers analyze potential saving that can be achieved through variable speed drives for pump (fan) control. In some situations the savings will quickly pay back1 the cost of the equipment, and from then on the savings go straight to your bottom line.

For fans there is an additional form of control—variable inlet guide vanes. These can control air flow and maintain efficient fan operation, if minimum flow requirements are approximately 85 per cent of maximum flow conditions. For flow requirements below 85 per cent, variable inlet guide vanes can be combined with multi-speed motors to extend their effective range. Variable inlet guide vanes are relatively inexpensive but may not be suited to all situations. For example, they are unsuitable in dirty or corrosive atmospheres.



Fine-tuning pump and fan applications

Fine tuning your pump and fan applications help you achieve improved efficiencies and savings. You can use several low-cost measures or minor modifications to fine-tune your pump and fan system performance. Generally, these can be implemented with only minor interruption to the process.

The easiest options to implement include: 

· Eliminating unnecessary flow paths 

· Reducing excessive frictional losses 

· Improving inlet and outlet conditions 

· Maintaining performance. 

When making changes or looking for opportunities for savings, it is important that you keep in mind the relationship between your pump or fan and your system. If you adjust the system in a way that changes its initial design, you will need to plot a new system curve to find your new operating point and ensure you are optimizing the equipment's efficiency. Information about plotting systems curves is in pump and fan characteristics.

Eliminating unnecessary flow paths

Flow paths (for getting the fluid or gas from the pump or fan to where it is required) should be as simple and practical as possible. Avoid any unnecessary lengths of pipe or ducts, or high resistance fittings such as elbow, bends or Tees, as they all add to the work the pump or fan has to do. 

Pipes and ducts also need to be sized to suit the volume of fluid or gas that they transport. Increasing the width of pipes or ducts to decrease the level of resistance and therefore the load on the pump or fan. Engineering handbooks provide a guide to suitable pipe and duct sizes and the effect of bends and elbows on required pump horsepower.

Reducing excessive frictional losses

Pump and fan systems often become inefficient as a result of the build-up of contamination or dirt in filters, strainers, coils, pipes or ducts. Unexpected and gradual increases in load can be a good indicator of when such a build up is happening. In situations where buildup is likely, it is important that you have an inspection and maintenance program to monitor increases in load and ensure the system continues to perform as designed by preventing buildup. Protective and monitoring systems are only effective if you set against the maximum expected load on the pump or fan rather than the maximum load stated on the nameplate.

Improving inlet and outlet conditions

The efficiency of your pump or fan applications can be reduced by turbulence at the inlet, an improper discharge connection, or improper inlet connections or conditions. The manufacturer of your pump or fan will have specified inlet and outlet conditions that are necessary for acceptable performance. Reviewed inlet and outlet conditions periodically to ensure your system meets the requirements. Poor inlet conditions can also result in cavitations in pumps. Cavitations will significantly reduce efficiency and, in the long term, can cause extensive damage to equipment.

Maintaining performance

To ensure that the performance of pumps and fans does not deteriorate, you should inspect impellers regularly for erosion or product build-up. During any maintenance activity, check that the internal running clearances between rotating and non-rotating parts are maintained within the manufacturer's specifications.

Controls: 

There are many opportunities for you to optimize motor systems through improved motor control. Fans, pumps and compressors in industrial and commercial installations are invariably driven by electric motors rated to cope with maximum load conditions, despite the fact that such loading conditions may only occur for a fraction of operating time. 

For instance, you are likely to select a refrigeration compressor motor that can provide maximum refrigeration on the hottest day, or a pump motor that provides constant pressure at the end of a pipeline or duct at maximum flow rate.

Traditionally, either this excess capacity is throttled, or inlet regulators are used. These techniques can be inefficient and place limits on production. However, improved control through variable speed drives (VSD) can both improve efficiency and increase production capability.

VSD or adjustable speed drives (ASD) allow you to match the performance of a motor to the requirements of the process. In some applications, installing VSD can result in energy savings of more than 50 per cent. 

VSD can also provide benefits such as soft starting, over-speed capability and improved power factor. However, they can produce harmonics that may be harmful to other equipment, and can impact on motor life if you do not limit low speed operation.

The benefits of installing VSD do not end with a reduction in energy consumption but also extend to:
· Reduced system noise,
· Improved control,
· Improved power factor
· Better commissioning and
· Extended motor life due to soft stop & starts
Example


Consider a pump with a rated output of 15kW operating at a full load efficiency of 87% for 3500 hours per year with an average electricity cost of 4.5p/kwh.
Pump running at 100% flow
Annual running cost = (15 / 0.87) x 3500 x 0.045 = £2715
Pump running at 80% flow (VSD controlling the energy taken at 80% flow is around 55% of that at 100%)
Annual running cost = £2715 x 0.55 = £1493
Energy saving
£2715 - £1493 = £1222
Simple Payback (Estimated installed cost of controller = £1500)
£1500 / £1222 = 15 months.

= = = *** = = =

Enclosed:   Annexure-I &

                  Annexure-II

Annexure-I

HOW USE FUL?

Energy Saving
100% Flow = 100% kW

80% Flow = 50% kW

50% Flow = 12.5% kW
Criteria for Maximum Energy Saving

KW’s of centrifugal

Pump and fan

Reduction of flow / speed

80% flow = 50% kW

Running hours

Cost of electricity
Where Can We Use Drives?

Cooling towers

Primary &

Secondary pumps

Lifts

Escalators

Boilers:

ID Induced fan

FD forced Draft Chiller water pumps

Hot water pumps Compressors

Extract fans

Floor units

Main air-Handling plant

Smoke extract fans
Annexure-II

CASE STUDY of

Radisson SAS Hotel -Manchester Airport

• Located with Manchester Airport a

4 star hotel with 31 function rooms

and 360 air conditioned bedrooms.

• The Radisson SAS Manchester has set

targets for reducing electricity and

water consumption 5% year on year.

• Variable speed drives have been

retrofitted on the air handling units

and constant temperature pumps.
AHU 4 - West Wing Bedrooms

Without VSD

Supply Fan 11kW - £3257 / annum

Extract Fan 7.5kW - £2221/ annum

With VSD

Supply Fan 11kW - £929 / annum

Extract Fan 7.5kW - £705/ annum

• Saving £3844 / annum

• AHU Payback 10 months.

• AHU 8 East Wing Bedrooms gave

similar results.
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AHU 4 West Wing - Supply fan 11kW & Extract fan 7.5kW

Running 05:00AM-11:00AM 12:00PM-02:00AM
Constant Temperature Pump
Without VSD

CT Pump 37kW - £8244 / annum

With VSD

CT Pump 37kW - £4670 / annum

• Saving £3574 / annum

• CT Pump Payback 1 Year 5 months.

• VSD’s were also installed on AHU

1 & 7 for the Public Area Supply and

Ballroom for energy saving.
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CT Pumps 37kW (Operating level 23kW)Running 02.00AM-01:00AM (23 hours)
New AHU’s - Restaurant & Kitchen

• AHU’s supplying the Restaurant and kitchen are now being fitted with drives.

• Payback of 14 and 15 months respectively.

• The units are both IP54 15kW units.
ECA NPV Benefit

• ECA is an additional £780 in NPV

• 37kW ECA cash value £220 (VSD

claim value £4818)

• 11kW ECA cash value £90 x 2

• 7.5kW ECA cash value £75 x 2

• 15kW ECA cash value £115 x 2
Summary

• Majority of motors are oversized.

• 50% of motors on fans and pumps.

• 80% speed = 50% kW.

• Variable Speed Drives qualify for

ECA’s (Enhanced Capital Allowances)
= = = *** = = =

References:  Internet 

By: psjalkote


