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1.1. 
Introduction

This document has been compiled for all Local Authorities and their affiliates to assist in the specification and procurement of pumping systems. This standard must be applied to all centrifugal pumps for which the name plate power rating [kW] multiplied by the operating time [hr/a] exceeds 16,000 kWh/a. This standard specifies minimum requirements; however these may be outperformed where appropriate. Cases in which it could make financial sense to do so should be analyzed. This standard takes precedence over locally applicable rules, regulations and standards whenever it exceeds the energy performance requirements therein. 

Reference to this working document should contribute to compliance with the requirements of Article 16.2 of Directive 2005/32/EC in relation to pumps. 

Deviation from this standard is acceptable;
· If alternative designs giving lower energy consumption or higher efficiency are implemented 

· If overruled by non-financial stipulations (e.g. health protection), in which case deviation must be confined exclusively to the conflicting feature(s) of a design. 

· If it is deemed that an alternative design is more technically suitable for the task in hand.

· If alternative designs yield a higher net present value (NPV) – calculated based upon standard council specification - are implemented.

· If alternative designs yield a lower net present cost (NPC) - calculated based upon standard council specification - are implemented.

Any deviation must be documented in-house for potential internal and external review. For identical design situations, generic evaluation is appropriate.

Key to using the guide

 SHAPE  \* MERGEFORMAT 



The majority of the sections contain keynotes which are highlighted in a ‘blue box’. 

· Where applicable, further reference notes are included in the section following the ‘blue box’ which may include further detail and / or reference. 

· N.B. This is a standard document, as opposed to a technical document, and was compiled for the procurement of pumps and as such, for each of the technology sections there are many detailed guidance documents available for further detail. 

2.1. Pump Selection Considerations

The document caters for the design considerations when installing centrifugal pumps. Centrifugal pumps all rely on centrifugal force as the fundamental principle by which they operate. Centrifugal force affects an object or material moving in a circular pattern by forcing it away from a central point. This force can be used to regulate the pressure and motion within a pump, and when applied in combination with a number of other centrifugal pumping principles, forms an integral part of hydraulic mechanisms.
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Figure 1: Centrifugal Pump

A centrifugal pump is constructed where a volute casing houses an impeller, which is coupled directly to the pump motor. The motor rotation exerts fast rotary motion that causes the water to spin, generating centrifugal force that channels it through a discharge outlet. Most centrifugal pumps rely on rotating impellers or vanes to provide rotary motion, though the design and implementation of these systems can vary according to capacity and project requirements.

Each centrifugal pump has what’s known as a “best efficiency point” (BEP). Ideally, under normal operating conditions, the actual / design flow rate will coincide with the pump’s BEP.
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Conservative practices often prioritize initial cost over system life cycle costs. As a result, larger-than-necessary pumps are often specified, resulting in systems that do not operate optimally, and consume unnecessary energy and maintenance cost over the lifetime of the pump. Increased awareness of the costs of specifying oversized pumps should discourage this tendency.

Where feasible, pumps with the highest energy efficiency at the design operating point should be selected.  However consideration should be given to the actual design power at duty point. In certain circumstances a pump with a marginally lower hydraulic efficiency might operate at lower power consumption than a more efficiently designed pump. There are many factors that affect the overall hydraulic efficiency of a pumping system, which will be discussed in further detail, and it is with an understanding of the interaction of the system flow through the distribution pipework where overall system efficiency can be improved. 

Higher energy efficiencies are achieved by selecting the pump to operate as close as possible to the BEP. This should preferable correspond to where the system curve and the pump curve intersect (+/-5%) of BEP. In certain circumstances it is acceptable to diverge from this ideal position to -10% to +5% of BEP but it should be noted that exceeding the +5% of BEP is not desirable and should be discounted on all circumstances. Ideally, the actual operating point of the pump should be achieved without the need for discharge throttling. The reliability consequences / considerations of not operating a pump at the BEP are further referenced in Appendices section. 

Selecting a pump that is either too large or too small can affect system performance. Under sizing a pump may result in inadequate flow and failing to meet system demand. An oversized pump, while providing sufficient flow, can cause other negative consequences, such as:

· Higher purchase costs for the pump and motor assembly.

· Larger electrical switchgear and cables.

· Higher energy costs.

· Higher maintenance requirements; because as pumps operate further from their BEP they experience greater stress. 

· A general misconception is that oversized pumps increase system reliability.
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In certain circumstances a pump may be required to meet varying process demands. Pumps for multi-purpose duties should undergo an integral analysis of time-weighted energy consumption across the multiple operating points in order to evaluate and select the most appropriate pump and controls to achieve best efficiency. In cases where flow requirements vary according to process demands, a variable speed drive (VSD) with a control reference from a system flow meter may provide the operational savings required. It may also be more effective for example, to install a number of pumps to be staged on or off automatically. Each application assessment should account for the expected variability in demand, the duration of the varied demands, required capacity and available diversity.
2.1. Life Cycle Costs

A life cycle cost (LCC) analysis is one proven way to determine and compare the total costs for projects. The LCC of any piece of equipment is the total "lifetime" cost to purchase, install, operate, maintain and dispose of that equipment. LCC is a management tool for selecting the optimum solution to minimise economic and environmental impact over the life of a system. Figure 2 shows the basic elements of LCC. Minimizing life cycle cost often requires trade-offs between cost elements, such as paying a higher initial or installation cost to reduce overall maintenance, energy and downtime costs.
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Figure 2: Basic elements of life cycle costs (LCC)
The LCC process will show the most cost-effective solution within the limits of the available data. Pump initial cost, although often given top priority, is usually only a small, if not the smallest, portion of total life cycle costs. 
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Using a life cycle cost perspective during initial system design will minimize long term operating costs and maximize reliability. An increasing number of pump purchase assessments are using the life cycle costs approach in pump system specification. The Hydraulic Institute and Europump, both pump manufacturer trade associations; have developed a life cycle cost guidebook to increase industry awareness of the subject

A highly efficient pumping system is not merely a system with an energy-efficient motor. Improving total system efficiency, instead of the efficiency of one component, is the key to maximizing cost savings. To achieve optimum pump system economics, end users should select equipment based on lifetime operating costs and also maintain the equipment at peak performance operation. As presented in the Hydraulic Institute / Europump LCC guidebook, the LCC equation for identifying and quantifying all components is as follows:

LCC = Cic + Cin + Ce + Co + Cm 
Where:

            Cic   =   Initial cost or purchase price (e.g., the pump, pipe, auxiliary equipment) 
            Cin   =   Installation and commissioning costs (including training)

            Ce    =   Energy costs (predicted for entire system, including controls)

            Co    =   Operating costs (labour man-hours for normal system supervision)

              Cm   =   Maintenance costs (e.g., parts, tools, labour man-hours)

These elements should also include the administrative costs associated with loans, depreciation and taxes. Energy consumption is very often the major element in pump life cycle costs. Since excess energy consumption is intrinsically linked to higher maintenance costs, these two elements usually account for the majority of the total life cycle cost.  

2.2. Best Efficiency Point (BEP)


In this scenario a pump should be selected where the indicated operating point is slightly to the left of the BEP. Where possible a pump should not be selected where the indicated operational point is to the right of the BEP point. At this point any increase in flow will cause reductions in pump delivered head and an associated reduction in energy efficiency. Figure 3 below highlights the consequences of operating a pump away from the BEP point. For applications where a defined flow and system head are known, a pump should be selected, such that it operates as close as possible, within vendor limits, to the BEP.

Additionally there is another pumping parameter, called Net Positive Suction Pressure (NPSH), which needs to be considered when considering BEP, NPSH will be discussed in more detail within section 4.1.3. A higher NPSH is required when operating to the right of the BEP point which can cause internal cavitation of the pump, thus reducing efficiency and life expectancy of the pump. It is therefore important that when designing the pumping project that the available NPSH, or what’s addressed as “NPSHa” be known.

[image: image5.png]% Head

- ey

© Barnge & Ao e 155

i Rearshen | Optimum
Low Tl - \ n
o RN 2
High Tewperarare Rie Sacion >f -Best Practice 092 n
== ="10% to +39% of BEP
Sest Effiency Point- . -0.534n
Bete Practice. J\ i
% to +10% o i

Good (Commerial) Practice
Z300% to

Refiabilty Curve

Pump Curve

% Flow




Figure 3: Consequences of not operating a pump at its best efficiency point

2.3. Mechanical Seal Protection (Seal Flushing)

To ensure longevity of mechanical seals, on certain families of pumps, it is necessary to provide for flushing the pump seals with clean potable water. This is an important requirement worth noting when deciding upon a pump selection. 


Pumps which use flushing seals require a fluid (Water) at a higher purity level than the medium which is being pumped. Examples of this would be a raw water pump or a sewage booster pump. For the raw water application the water being pumped could contain grit and sand particles where, if used for flushing, could prematurely erode the seals through the abrasive action of the grit on the seal surface. For the sewage pump solid particles could in effect block the flushing lines, which are in the region of 8-10mm, where the seals could fail prematurely due to heat fatigue. 

It is therefore highly recommended that due consideration is given to the location of pumps which require seal flushing and the local authority engineer needs to be aware of the design flow rates required for providing optimum life expectancy. The engineer should ensure that the required flowrate is such that the pump consumes the least amount of water and that control measures are implemented to activate the flushing relative to pump operation.

3.1.  Pump Vendor Specifications

When compiling information for a tender document, the following should be considered. These parameters are vital for vendors to provide a pump selection most suited for the task in hand. The relevance of these parameters will be outlined within the appendices section of this document.

Process specification

· System Flow Rate (m3/h)

· Total static head (m)

· Static Suction Head (m)

· Static Discharge Head (m)

· Total system Head (m)

· Operating temperature of fluid

· Medium being pumped, e.g. raw water, potable water, sewage.

· Suction conditions i.e. flooded or suction lift 

· Nature and size of any solids present.

· Single or multiple duty point(s)

· For multiple duty points it is advisable to offer, if known, the system performance curve. With reference to Figure 4 the system performance curve can be determined from noting the total system head (m) at the respective flow rates (m3/hr).

· Operational hours for the different duty cycles. Time weighted intervals at respective flow/ head should be offered, e.g. 80% @ 60m3/hr at 30m head and 20% @ 20m3/hr at 40m head.
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Figure 4: Typical System and Pump Performance curves
The tender should specify that the following information be provided as part of the tendering process as a minimum;

· Cost premium if any, such that the pump and motor can be operated with a Variable Speed Drive (VSD). Some motors are not rated for variable speed control due to their physical construction (Mass). Motors are designed with a fan impeller coupled directly to the shaft which forces air over the motor housing fins for dissipating heat gains. Slowing the motor can affect the design characteristic of the fan where the motor can effectively overheat. VSD motors would typically come prefabricated with thermistors enclosed within the windings which, through a trip relay, de-energize the motor in the event that the motor windings overheat, thus protecting the motor from burn out.

· Confirmation of both hydraulic and overall pump and motor efficiency. It should also be stipulated that respective pump and system efficiency guarantees should be offered.

· Statement of compliance that pumps selection conforms to European standards, certification to be offered on awarding of contract.

· Statement of compliance that motor selection conforms to European standards, certification to be offered on awarding of contract.

· Recommended motor selection and total hydraulic absorbed power at specified flow and Head (which accounts for all transmission losses from motor to pump and determines overall motor power)

· Motor performance curve

· Pump performance curve at duty points (SI Units)

· Min and Max limits in relation to pressure , temperature and flow

· Recommended spare parts , costs and delivery lead

· Warranties and conditions


In the event that the pump cannot be installed in accordance with the full installation specification / guideline of the manufacturer, consult with the supplier / manufacturer during the procurement awarding stage on measures for rectifying same.

The vendor should indicate if their pump selection conforms to the technical specifications outlined within Sustainable Energy Authority of Ireland (SEAI) Accelerated Capital Allowance (ACA) scheme. Although the public sector cannot avail of the financial incentives of the scheme it merits being referenced on account of the fundamental requirement for pump vendors to stipulate the efficiency of their pump selection away from its BEP and head, as opposed to at its BEP and head.
3.1. Pump Performance Curves


This is standard practice within the industry and is on account of the impracticality of casting a product range to suit every eventuality.

In order to elaborate on how vendors can offer a pump selection from a single family of pumps a hypothetical tender package will be discussed.

Site A needs to replace two of their distribution pumps due to excessive mechanical failure of the original pumps. The vendor was offered the following information and replied with pump selections, as indicated in Figure 3 below.

· Pump A required for delivering 360m3/h at a 35m head.

· Pump B required for delivering 220m3/h at a 30m head.
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Figure 5: Sample Pump Performance Curve 1470 RPM Curve

For Pump A the vendor was able to offer a pump from their product catalogue where the maximum allowable design impeller size was selected. Pumps operate more efficiently when a full size impeller is selected. From reviewing the pump curve the following information can be extrapolated;

· Indicated pump efficiency at the design parameters is 79%

· The duty point is slightly left to the BEP point which is recommended for when pumps cannot operate at the BEP point.

· The required NPSHR is 3.5m, or 0.35barg, this means that the available NPSHa has to be greater than 0.35barg.

· The absorbed power at the duty point is in the range of 42/43kW with max power of 48.16kW

· Implies that a 55kW motor will be selected because motors are manufactured to generic sizes

· The minimum design flow of the pump is 136m3/hr at a 34m head

· The maximum design flow of the pump is 510m3/hr at a 23m head

· Pump Speed 1470 RPM

Diagnostic; This would be considered a good pump selection and should be considered as a candidate. Alternative pump manufacturers pump performance data should be reviewed where an analysis of the absorbed power, hydraulic efficiency and duty point versus BEP, for all pumps tendered should be completed. 

For Pump B it can be seen the vendor offered a mid ranged impeller selection to match the system requirements. In offering this selection the pump efficiency is lower than that of a full sized impeller selection. 

· Indicated pump efficiency at the design parameters is 72%

· The duty point is to left to the BEP point which is recommended for when pumps cannot operate at the BEP point.

· The required NPSHR is 3.5m, or 0.35barg, this means that the available NPSHa has to be greater than 0.35barg.

· The absorbed power at the duty point is in the range of 24/25kW with max power of 32kW

· Implies that a 37.5kW pump will be selected because pumps are manufactured to generic sizes

· The minimum design flow of the pump is 136m3/hr at a 41m head

· The maximum design flow of the pump is 490m3/hr at a 23m head

· Pump Speed 1470 RPM 

Diagnostic; This would not be considered the best selection and should only be considered as a second choice. The pump would be operating far from the BEP point where the motor would be operating in the region of 60% of rated power. Alternative pump manufacturers pump performance data should be reviewed where an analysis of the absorbed power, hydraulic efficiency and duty point versus BEP, for all pumps tendered should be completed. 

What this highlights is the importance of providing the vendor with the most accurate operational parameters because any deviations can lead to operational efficiency losses.

4.1. Appendices

4.1. Appendix A (Pump Selection Considerations)


Other key factors include for example, the type of pump control, including minimum flow by-passes, control valve pressure reduction and driver selection and application.


Energy-efficient solutions for variable conditions can include using multiple pumps, adding smaller auxiliary (pony) pumps, considering on-off batch pumping, using dual-speed pumps or adding a variable speed drive (VSD). 

The rate of flow at a certain head is called the duty point. The pump performance curve is made up of many duty points. The pump operating point is determined by the intersection of the system curve and the pump curve as shown in Figure 4 below.
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Figure 6: Pump Operating Duty Point
Pumps can operate to what’s known as single or multiple duty points. A single duty point is defined by a pump which must operate at a fixed flow and head, e.g. 60m3/hr at 30m head. The flow rate does not deviate from the fixed setpoint and the head will remain constant at the respective flow. Examples of this would be a municipal reservoir pump where a pump delivers a constant flow of water (m3/hr).

Multiple duty points occur on pumps that operate to varying process conditions where the pump delivers varying flow rates (m3/hr). The head generated by a pump is proportional to the respective flow rate (m3/hr). For fixed speed applications the load will traverse the pump performance curve where it can be seen that at reduced flow the head is increased, correspondingly at increased flow the head is reduced. One important fact that needs to be determined when selecting pumps is that a pump will operate to a defined minimum and maximum flowrate. Operating below and beyond these limits for extended periods will cause a pump to fail prematurely.
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Figure 7: Pump Performance Curve Indicating Min/Max Rated Flows (m3/hr)
Note: Pumps with reduced impeller diameters operate to different flow characteristics where the min/max flow values change accordingly.

4.1. Variable Loads


To handle wide variations in flow, multiple pumps are often used in a parallel configuration. This arrangement allows pumps to be energized and de-energized to meet system needs. One way to arrange pumps in parallel is to use two or more pumps of the same type. Alternatively, pumps with different flow rates can be installed in parallel and configured such that the small pump – often referred to as the “pony pump” – operates during normal conditions while the larger pump operates during periods of high demand, for example.

4.1. Pump Speeds


When specifying operational parameters the specific speed selection will ultimately be determined by the required flow rate. Therefore a selection should be made on the indicated operational efficiencies as indicated by pump vendors. However it should be indicated to all vendors that preference will be offered to lower speed pumps (1480RPM). Pumps operating at lower speeds offer reduced life cycle costs due to less wear and tear on pump components.

The operating point and hence efficiency of a pump depends on several factors, chiefly system head and flow. The need to take into account two parameters (head and flow) in defining the system operating point requires due diligence with determining overall operational efficiency. In effect the operational efficiency of a pump is very much dependant on external factors and load requirements (Torque). In other words the further the pump operates from the BEP the less efficient it becomes. 


The first step in pump selection is to determine the principal duty point, i.e. the required flow and head. The cheapest pump for the duty will probably be that which runs at the highest available speed, whilst still being able to cope with the suction conditions on site over its full operating range. However, it should be remembered that just one additional point of efficiency may be sufficient to pay for the pump over its lifetime, through savings in energy costs. Therefore a lower speed pump, if it is more efficient, may prove to be more economical in the long term. What can also be considered at this point is the use of variable speed control whereby a Variable Speed Drive (VSD) is incorporated into the control system for matching pump speeds relative to flow / head requirements.
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Figure 8: Range covered at best efficiency points (1470RPM)

4.1. Net Positive Suction Head (NPSH)

Liquid vaporization within a pump intake is called "cavitation". Cavitation reduces a pumps performance and will damage the pump. To understand the occurrence of cavitation, it is important to remember that a liquid will vaporize at a relatively low temperature if its pressure is reduced sufficiently. Water, for instance, will boil (vaporize) at 38°C if it is exposed to a vacuum of 0.95barg. The pressure at which a liquid will vaporize is called its "vapour pressure". For local authorities the available NPSHa is relative to height of water above pump intake points at rivers and tanks, at atmospheric conditions.

A reduction in pressure of a liquid close to its vapour pressure will cause it to vaporize. The pressure on the liquid entering a centrifugal pump is reduced as it moves through the suction eye up until the point at which it starts to be pressurized in the impeller. To prevent cavitation the pressure reduction in the suction eye must be compared to the vapour pressure entering the pump to determine whether the liquid will vaporize. The amount of excess pressure above the vaporization pressure is called net positive suction head (NPSH). We call the proximity of the liquid to its vapour pressure its "available NPSHa" and the pressure reduction inside the pump, the "required NPSHr". We compare the available NPSHa to the required NPSHr. When the available NPSHa is equal to or greater than the required NPSHr the pump will not cavitate. It is important to recognize that pump vendors will indicate a positive and negative safety factor of 0.5m and this will be clearly defined on the pump performance curve. What this means is that a vendor would require, for pump warranty purposes, a head of water greater than the NPSHr parameter of the pump.
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Figure 9: NPSH Suction Pressure (Ps) characteristics 


Excessive vibration can occur when parts of the impeller are handling vapour and other parts are handling liquid. Probably the most serious problem is pitting and erosion of the pump impeller, resulting in an extremely shortened pump life. 

CALCULATING AVAILABLE NPSHa OF A PIPING SYSTEM

The available NPSHa can be calculated by use of the following formula:

hsv = hpsa + hss - hfs - hvpa

Where:

· hsv = available net positive suction head in meters of liquid.

· hpsa = suction surface pressure, in meters of liquid, absolute, on the surface of the liquid from which the pump draws its suction. This will be the atmospheric pressure, in the case of an open tank or river and lake intake. For the majority of local authority applications this is 10 m, this correlates to absolute pressure.

· hss = static suction head, in meters of liquid. Static head is the height, in meters of the liquid surface above the pump impeller centreline. (Positive if the liquid level is above the pump, negative if the liquid level is below the pump)

· hfs = friction head loss, in meters of liquid, between the liquid surface (River and lake intake points)  and the suction flange of the pump.

· hvpa = vapour pressure of the liquid, at the pumping temperature, in meters of liquid

Note that the first three terms in the above equal the total suction head, hsa, and if we replace the first three terms with hsa, we get an additional equation for calculating available NPSHa.

hsv = hsa - hvpa

Where:

· hsv = available net positive suction head, in meters of liquid

· hsa = total suction head, in meters of liquid.

· hvpa = vapor pressure of liquid at suction nozzle, in meters of liquid.
4.1. Speed Control

In certain circumstances speed control is an option that can keep pumps operating efficiently over a broad range of flows. In centrifugal pumps, flow is linearly related to speed. It should also be considered that speed reduction leads to a reduction in the head generated by the pump. Reduced speed places less stress on the overall pump system. 


There are typically two types of speed control in pumps: multi-speed motors and variable speed drives. Multi-speed motors have discrete speeds (e.g., high, medium, and low). Variable speed drives provide speed control over a continuous range. The most common type is the variable speed drive (VSD), which adjusts the frequency of the voltage supplied to the motor. VSD’s are widely used due to their ability to adjust pump speed automatically to meet system requirements. For systems in which the static head represents a large portion of the total head a VSD may be unable to meet system needs. Lowering of the speed and the associated reduction in head, by the square of difference of the new speed to the original speed, could cause the pump to effectively stall. In basic terms this simply means that the pump stops pumping. It should be noted that at these conditions a temperature rise can occur at the pump components, which can prematurely cause a pump failure.

Efficient VSD operation requires closed loop control where a reference instrument, e.g. pressure transducer, is used for regulating the VSD output for maintaining system setpoints. Consideration needs to be given to interfacing to established control systems, with an understanding of available capacity for expansion.

Pump operation using variable speed drives (VSD) results in specific curves being generated for discharge/flow v/s head/pressure and discharge/flow v/s power absorbed for each pump speed. These curves are used to ascertain;

· Implications of utilizing VSD’s (in many cases, savings in energy and outgoings over constant speed pumps) in variable flow operations. 

· Requirements to maintain a constant head/pressure in the system with variable discharge/flow.

· Requirements to maintain a constant discharge/flow with variable head/pressure. 

· The net effect of using VSD on pumps in preference to a number of different sized pumps to sequentially operate at constant speed. 

Operating pumps using Variable speed controls can offer significant saving, but for Local Authority applications, most installations would operate with speed variances of only 5-10% (3-5Hz). It is important to recognise this when assessing overall project costs, in other words would an optimally sized pump operate more effectively. Additionally it should be noted that standing electrical losses occur when using VSD’s, but when the overall net absorbed power reduction is considered VSD’s can offer an efficient means of correlating absorbed power to actual load demands. Therefore it needs to be established prior to installing VSD’s what variance in delivered head/ flow occurs, if stringent control is required, and if a fixed speed pump can deliver the load more efficiently.

4.1. Variable Speed Drives

By installing a VSD, it is possible to remove the throttling effect of discharge valves, a method which increases the discharge dynamic head to reduce the flow-rate. Throttling discharge valves increases the system curve to match the pump curve, and is an artificial means of matching the pump curve head to the system design head.   It should be indicated that this is considered bad engineering practice due to the additional pressure drop losses occurred and that excessive energy is consumed by the pump. It is wide spread common practice for oversized pumps to be commissioned such.

It is possible to achieve this reduction by reducing the speed of the pump with a variable speed drive (VSD). Any reduction in motor or pump speed follows the Centrifugal Pump Affinity Laws. The Affinity Laws of Pumps can be used to express the influence that changing pump speed can have on volume capacity, head (Pressure), and power consumption. 
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Figure 10: Diagram representing Affinity laws.

With using variable speed drives full size impellers can be used to increase pumping efficiency and can provide for delivering the maximum load, for which the system was originally designed, whilst producing operational savings.

4.1. Motor Selection


In selecting a pump, there are two components to consider, the pump and the motor. In some applications, the pump and the motor are sold as a package. Often, however, the buyer can select one of several motors to be installed with a pump. Motors that are not large enough may have to operate above their rated load, forcing them to run at elevated temperatures, which shortens their operating lives. Motors that are much larger than required not only cost more, but suffer efficiency loss when the operating load falls beneath about one-half of the motor’s rated load. Another fact worth accounting for is that operating at a lower PF increases electrical system distribution losses
Motors used in connection with VSD’s should have properly insulated windings to handle the harmonics and other power quality issues associated with VSD’s. “Inverter-duty” or “definite purpose” motors will provide this protection. Ultimately, the pump and motor should be selected to provide the best overall hydraulic efficiency. As a rule of thumb motors should be rated to operate continuously 15% above BEP design power.

4.1. Impeller Selection


A centrifugal pump adds to the pressure of a liquid passing through it through increasing the liquids velocity.  With reference to figure 11 liquid enters through the suction flange, to the suction eye, where the liquid velocity is in essence the same as the suction pipe work. Liquid is picked up the rotating impeller vanes where the vanes accelerate the liquid in the direction of the impeller rotation such that at the vane tips the liquid velocity approaches that of the vanes. The volute casing, at the discharge tip converts some of the velocity energy into pressure energy by slowing the liquid from the casing velocity to the discharge pipe velocity. The impeller increases the kinetic energy of the fluid by accelerating it from the impeller center out to the tip. The impeller tip speed largely determines the pressure generated by a pump. Typically, a given pump size can accept a range of impeller sizes.
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Figure 11: Centrifugal Pump
A common reason that engineers specify a larger-than-necessary pump is to anticipate increases in system capacity. One way to account for future capacity expansion without sacrificing system efficiency is to select a pump that has capacity to accept a larger impeller should the system demand increase. Since an increase in impeller size also requires additional absorbed motor power, selecting a motor that is large in the first instance, should therefore be adequate to handle the largest impeller that can fit in the pump and can eliminate the need for motor replacement and the cost associated with retrofit. Care should always be taken to balance motor sizing with current operating needs so that the motor operates efficiently, at more than half its rated full load.

In-service pumps that are oversized and generating too much pressure may be good candidates for impeller replacement or “trimming” – reducing impeller diameter by machining (in order to reduce the energy added to the system fluid). The vendor should also be consulted to consider the most appropriate type of impellor for the application.

Another aspect worth considering is the installation of a VSD on a full sized impeller pump where the speed of the pump would be relative to the current demands, but where system flexibility exists to increment up supply relative to demand increases. In this scenario the need for retrofitting / trimming impellers is eliminated where a simple setpoint adjustment could provide for instantaneous demand changes
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Figure 12: Pump characteristics showing various impeller sizes
4.2. Appendix B- (Pumping Terminology)

In order to derive a pump selection it is important to fully understand some of the pumping basics. 

Pumps work against a commonly known pressure called “head”, in which the total head pressure of a pump can be an accumulation of several individual pressures. There are four types of system head to be considered when designing efficient pumping systems and the relevance of these will be explained now. 

4.2. Static Head


There are two forms of static head which need to be considered, suction and discharge static head. “Static suction head” is defined as the height of the liquid in the suction system above or below the centreline of the pump. If the liquid level is above the pump centre line, its level is a positive suction head. If the pump is lifting a liquid level from below its centre line, it is a negative suction head. Negative suction heads are added to the pump discharge head, positive suctions heads are subtracted from the pump discharge head. 


“Static discharge head” is defined as the height of the highest liquid surface in the discharge system above the centreline of the pump, e.g. reservoir top water level. Static head is normally expressed in metres of head (m) where for example, a 1 metre rise corresponds to 0.1Barg in head pressure. 
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Figure 13: Pumping Static Heads

4.2. Friction Head


Friction head is the additional head required to overcome friction and turbulence losses that occur as a liquid flows through the piping system. Suction friction head is the sum of the energy losses occurring in the suction line whilst discharge friction head is the corresponding sum of energy losses in the discharge line. 

Friction losses vary with factors such as pipe length, pipe diameter, system flow and the type and internal finish of pipe runs and all valves and fittings. The friction head is relative to a specific flow (m3/hr) and can change accordingly as the flow changes. Friction head varies with the square of difference in velocity, for example, reducing system velocity by 10% could reduce friction head by 20%. Friction losses can normally be conveyed in equivalent pipe lengths and is usually expressed in meters where again 1 metre equates to 0.1Barg, (With reference to water as the fluid).  

4.2. Total Head


Total head accounts for all the most relevant sources of head as discussed above where the total suction and discharge heads can be calculated as follows;

Total Suction Head hs = hss + hfs

Where:

hs = total suction head

hss = suction static head (Note, can be Positive or Negative)

hfs = suction friction head

Total Discharge Head hd = hsd + hfd

Where:

hd = total discharge head

hsd = static discharge head

hfd = discharge friction pressure

In order to calculate the total head the contributing heads must be converted using the same unit of measure .e.g. metres (m). The total Head accounts for all the losses to be overcome by the pump on delivering a volume of water from one water level to another. In local authority terms this could represent the losses incurred between the water level in a clear water tank, and the level in a municipal reservoir.

4.2. System Head


System Head is ultimately the most crucial head pressure to be considered and is referenced in the pump performance curves. System head is in effect the head associated with the intersection point of the pump and system curves and the point which determines the energy required to move a given volume of liquid at a specific flow rate from the suction side to discharge side. 

In order to determine the system head we need to know the total suction and discharge heads. After determining these contributing heads the system head can be calculated using the following equation;

System Head (H) = total discharge head (hd) +/– total suction head (hs)


It should be pointed out at this stage that as system head (H) is a differential value both positive and negative hd and hs must be expressed in the same units. Minimising system head can significantly reduce the size of pump required and as such is a key factor in the overall efficient design of a pumping system. Reducing system head will also ensure the most ideal life cycle cost and will account for purchase and operational factors in the long term.

4.3. Appendix C (Motors)

Pump manufacturers will offer a complete package where a motor would be directly coupled, in the factory, to a pump, and pump base plate. This allows for ease of installation where the local authorities are only concerned with interconnecting services. These factory works allows for correct alignment of the motor shaft to the pump shaft, through a bearing house or pump coupler, and ensures good transfer efficiency. However not all pumps come directly coupled with motors, where the Local authority engineer needs to be aware that not all motors perform the same and that some motors are more efficient than others. Additionally the engineer needs to be aware of the efficiency of the pump motor offered in a complete pumping package.


To assist with the identification of the efficiency of induction motors a formal efficiency class has being adapted by the European Union. Three distinct bands, or levels of efficiency, was implemented some years back to assist with efficient hydraulic applications. The bands are designated EFF1, EFF2, and EFF3 - EFF1 being the highest band. These classifications have now being superseded by new International legislation but the Local Authority engineer needs to be aware that this standards are still binding and as such motors with these classifications are still commercially available.
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Figure 14: Old European Efficiency Classification Symbols


The new International standards for measuring and categorising efficiency of low voltage motors have now been formally adopted. Out go European efficiency categories Eff1, Eff2 and Eff3. In come the new mandatory IE3, IE2 and IE1 classifications, as dictated in Energy Using Products (EuP) Directive 2005/32/EC; Eco-design of Energy using Products for low voltage motors. All motors which fall below the IE efficiency classification will not be allowed for commercial sale in the European Union and where feasible the Local Authority engineer should insist on an IE-3 classification, as IE-3 is the most efficient motor available

The legislation is based on two IEC (International Electro technical Commission) standards. Motor losses and efficiency values must be determined using the methods specified in standard IEC 60034-2-1: 2007. International Efficiency classes (IE3, IE2 and IE1) are defined in standard IEC 60034-30. Figure 14 below shows the IE classes for 50Hz 4-pole motors.
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Figure 15: IE Efficiency Ratings for 4-Pole Induction Motors

	IEC60034-30 EuP Directive 2005/32/EC
	CEMEP Voluntary Agreement

	IE-1 Standard Efficiency
	Comparable to EFF-2

	IE-2 High Efficiency
	Comparable to EFF-1

	IE-3 Premium Efficiency
	Extrapolated IE2 with 10-15% lower losses


Table 1: Reference Table of IE Standards V’s EFF Standards.

Note: It needs to be pointed out in order to prevent confusion that the new IE3 standard is comparable to the old EFF-1 standard and as such the new standards are working in reverse sequential order to the established standard.
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Table 2: Proposed Schedule for Integration of New IE Motor Classifications.
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Figure 16: Mandatory Motor Housing Labelling, as of 16th June 2011

4.3. Motor Selection

High efficiency motors not only reduce energy consumption by reducing losses, they also result in additional benefits such as a lower temperature rise in the motor, leading to longer life for the motor and bearings. Therefore, in many cases

· Reliability increases;

· Down time and maintenance costs are reduced;

· Tolerance to thermal stresses increases;

· Ability to handle overload conditions improves;

· Resistance to abnormal operating conditions – under- and over voltage, phase unbalance, poorer voltage and current wave shapes (e.g. harmonics), etc. – improves;

· Power factor improves;

· Noise is reduced.


When specifying a motor selection the Local Authority Engineer should always insist on an IP55 rated enclosure, for moisture ingress protection, and should, where feasible insist on EFF1, or IE-3 motors. The IE-3 motors will become more prominent as the sector undergoes the transitional period from one the older standards (CEMEP) to the newer international standards. (EuP Directive).

Since efficiency drops rapidly under low load conditions, motors must not be oversized by more than 30%. Additionally a motor should not be selected to operate predominantly below 50% of rated load, because the efficiency drops exponentially to load reduction.
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Table 3: Efficiency classes: IEC60034-30 (2008)

4.4. Appendix D (Grid Electricity Capacity)

When addressing the hydraulic needs of a site it is not just a case of installing the most efficient pump. Other factors need to be addressed in a similar fashion to the pump selection and civil and mechanical works. One of these is the sites electrical grid connection and capacity. The following sections will outline some of the components which merit being addressed, implemented, and remedied if deemed necessary.

4.4. Maximum Import Capacity (MIC)


Maximum Import Capacity (MIC) is the level of electrical capacity contracted between the local authority and ESB Networks, for example. Each site agrees its independent MIC threshold, based upon its maximum load demand. 

4.4. Understanding Your Utilities Bill


If your MIC is too high not only are you paying for excess capacity but you could also be paying a higher PSO levy, than what’s necessary (Currently the PSO levy has been set at zero), and /or additional network system charges. The Network System Charges comprise of the Transmission and Distribution Use-of-System (TUoS and DUoS) energy-related charges. These charges are for the use of the Networks infrastructure for transportation of electricity, and also to recover the costs of operation and security of the Networks.

Alternatively, if you’re MIC is too low it may cause technical/safety problems for the site. It is therefore prudent for a local authority engineer to determine what a sites contractual MIC value is prior to commencing any pumping retrofit projects. More often a retrofit project is undertaken to cater for increased capacity due to increased population demands. To that effect the project could entail the installation of a pump with greater pumping capacity. Larger pumps will accrue a higher KVA load which could tipple the MIC threshold. It is therefore recommended that during the design stage of a project that the actual kVA limit de determined, from the utilities bills or accessing the account details on line, where it may then be prudent to seek a change in the sites MIC to reflect the load change. 

As a guideline, it is suggested that your MIC should be 5% above your highest electrical load in the past year. This is dependent on having a Power Factor close to unity. For further information on knowing and understanding a sites MIC capacity and in setting the contractual MIC level the local authority engineer can reference the ESB literature at the following link;

https://www.esb.ie/esbcustomersupply/business/your_account/maximum_import_capacity_explained_a.jsp
A sites kVA limit is indicated on its Bi-monthly bill and is denoted by the P.S.O levy, see example below for reference. 

4.4. Amending a Sites MIC

It is possible to amend a sites MIC and can be done so by contacting the utility provider.  To do so an application form (NC3, "Application for a New, Increased or Reduced Connection") needs to be completed and returned to ESB networks. The application form is available from the following contact points

· Download the form at the ESB Networks website or request a copy from ESB Networks on 1850 372 757. 

· Forward the completed form to: ESB Networks, PO BOX 29, Garrycastle, Athlone, Co. Westmeath. 

When your form is received by ESB Networks you will receive a confirmation note, and the ESB Networks local Area Manager will deal with the matter. 

4.4. Power Factor (CosPHi)


Section 5.1 briefly outlined the concept of MIC and how it is important for determining a sites electrical capacity. To get a better understanding of this utility line item it is important that the local authority engineer becomes familiar with another component called Power Factor (Cos-Phi). The significance of power factor, as far as water treatment plants are concerned, is that the majority of the electrical power consumed on site is with the hydraulic pumping of water, and this work is done by induction motors coupled directly to pumps. 

In an induction motor there are two main components, the rotor and the stator. The stator is a stationary component which is coupled directly to the Motor Control Cabinet (MCC). The rotor on the other hand rotates freely within the stator, held in place by bearing blocks, and is the component which is coupled directly to the pump shaft, via a shaft coupler. When power is applied to a motor (Stator) an electrical field is induced in the stator. In a similar fashion to a transformer a corresponding electrical field is induced in the rotor. It is the interaction of these fields which creates the torque for rotating the rotor.

The magnetic field induced in the stator is a rotational field, due to the sequencing of the three phases. This in effect induces a rotational field in the rotor, but in an attempt to synchronise to the stator magnetic field, the rotor field lags the stator which means the rotor field will always trail the stator field. This is what’s commonly known as “Slip” and it’s the reason why motors would indicate rotational speeds of say 1470 RPM for a 4 pole 1500 RPM synchronous speed. 

The act of inducing the magnetic field on the rotor causes a shift to occur between the AC current sine wave and the AC voltage sine wave. Some of the power consumed is used in the induction of the magnetic field on the rotor, and it is this power that produces torque (Real Power kW’s). 

The power factor of an AC induction motor is defined as the ratio of the active (true or real) power to the apparent power; where

· Active (Real or True) Power is measured in watts (W) and is the power drawn by the electrical resistance of a system doing useful work.

· Apparent Power is measured in volt-amperes (VA) and is the voltage on an AC system multiplied by all the current that flows in it. It is the vector sum of the active and the reactive power.
· Reactive Power is measured in volt-amperes reactive (VAR). Reactive Power is power stored in and discharged by inductive motors, transformers and solenoids. Reactive power is recorded on your meter as reactive units [kVArh] also known as wattless units. If the quantity of wattless units used in a period exceeds one third of the active units [kwh], this is means that the average power factor has fallen below 0.95 and a penalty is charged on the excess.
Reactive power is required for the magnetization of a motor but doesn't perform any action. The reactive power required by inductive loads increases the amounts of apparent power - measured in kilovolt amps (kVA) - in the distribution system. 


Figure 17: Interaction of Voltage, Current and Power in a Reactive load (Induction Motor)

Power factor is an important component, in electrical terms, and the local authority engineer needs to aware of the significance that a poor power factor rating with have on the efficiency of his/her plant.

This, in simple terms, means that items of equipment which are inductive in nature draw a larger current (I) than would be anticipated by their useful power rating.


Example - Power Factor; Take an induction motor of say 17.5kW (17,500 W). If this motor was coupled to a small load and was consuming a true power load of say 8.1kW, the motor would inherently have a poor pf, i.e. in the region of 0.60. So;
Current (I): 
=Watts (W)/ (Volts (V) x Power factor (Cosphi)) x √3

=8.1/ (380 * 0.60 * 1.732)

=20.5Amps.

In this instance the kilovolt amps (kVA), the factor on which MIC is measured would be as follows;

kVA: 

=Volts (kV) x Current (I) x √3

=.380 * 20.5 * 1.732

=13.5 kVA
If this motor was replaced with a smaller motor more suited to the true load, say a 8.5kW motor then as the motor is loaded more efficiently it will have a better pf value, say in the region of 0.90, so; 

Current (I): 
=Watts (W)/ (Volts (V) x Power factor (Cosphi)) x √3

=8.1/ (380 * 0.90 * 1.732)

=13.65Amps.

In this instance the kilovolt amps (kVA), the factor on which MIC is measured would be as follows;

kVA: 

=Volts (kV) x Current (I) x √3

=.380 * 13.65 * 1.732

=9.0 kVA
With analysing the above equations it becomes apparent that there is a considerable difference in the current consumed to do the same level of actual work (W). Installing motors such as the larger motor above incurs higher installation costs due to, motor cost, supply cable sizes due to higher current, bigger fuses and switch gear and higher distribution losses due to heat gains within the cable. 

Companies can get charged an additional tariff for having a poor pf rating. The significance of power factor lies in the fact that utility companies supply customers with volt-amperes, but bill them for Watts. Power factors below 1.0 require a utility to generate more than the minimum volt-amperes necessary to supply the real power (Watts). This increases generation and transmission costs. For example, if the load power factor were as low as 0.7, the apparent power would be 1.4 times the real power used by the load. Line current in the circuit would also be 1.4 times the current required at 1.0 power factor, so the losses in the circuit would be doubled (since they are proportional to the square of the current). Alternatively all components of the system such as generators, conductors, transformers, and switchgear would be increased in size (and cost) to carry the extra current.

A low power factor is expensive and inefficient and some utility companies may charge additional fees when the power factor is less than 0.95. A low power factor will reduce the electrical system's distribution capacity by increasing the current flow and causing voltage drops.

4.4. Power Factor Correction


For installations with a large reactive load there are measures to reduce the imported kVA by addressing how power is consumed, and by applying power factor correction. 

Power factor correction may be applied by a utility company to improve the stability and efficiency of the transmission network. Correction equipment may also be installed by individual electrical customers to reduce the costs charged to them by their electricity supplier. A high power factor is generally desirable in a transmission system to reduce transmission losses and improve voltage regulation at the load.

Power factor correction brings the power factor of an AC power circuit closer to 1 (Ideal Resistive Load) by supplying reactive power of opposite sign, adding capacitors or inductors which act to cancel the inductive or capacitive effects of the load, respectively. For example, the inductive effect of motor loads may be offset by locally connected capacitors. If a load had a capacitive value, inductors (also known as reactors) are connected to correct the power factor. These measures will help alleviate the problem but the first line of defence for a site is to match all induction motors to their respective hydraulic loads.

When assessing the project requirements of a pumping project a local authority engineer should evaluate how a site is electrically performing, ascertain the sites PF rating, look at measures to improve same, and if required install automatic power factor correction units.

An automatic power factor correction unit is used to improve power factor. A power factor correction unit usually consists of a number of capacitors that are switched by means of contactors. These contactors are controlled by a regulator that measures power factor in an electrical network. To be able to measure power factor, the regulator uses a current transformer to measure the current in one phase. These units are typically installed at the main switch room 

Depending on the load and power factor of the network, the power factor controller will switch the necessary blocks of capacitors in steps to make sure the power factor stays above a selected value (usually demanded by the energy supplier), say 0.95 to avoid penalties. PFC should be sized to correction need rather than size of load. Ensure adequately fine steps.  If low pf exists, this also increases the kVA drawn so this should be considered in tandem with any MIC revisions
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Figure 18: Automatic Power Factor Correction Unit.

4.5. Appendix E (Control Systems)


This may entail revising the existing controls, to reflect the newer mode of operation, and/or the design engineering of a new installation. To that effect the local authority engineer should investigate the current mode of operation, determine if it meets the objectives of the revised project, and deduce if additional works are required to bring the installation up to specification. Additionally New/Modified Control Systems should include functionality for EPI tracking (preferably user configurable) as standard- e.g. kWh/m3 throughput etc. 

4.5. Command Logic

Pumping installations tend to operate in automatic mode with little or no manual intervention, for starting/stopping pumps. To ensure effective operation of the pumping system control instrumentation such as pressure switches and/or reservoir level switches are used to activate pumps, pending water draw. When assessing the requirements of a pumping project it is recommended that the local authority engineers familiarize him/her self with the current modes of operation and determine if the systems merits upgrade. More often pumps can be commanded on/off by a Distributed Control System (DCS) or a Supervisory Control and Data Acquisition (SCADA) system. SCADA refers to a system that collects data from various sensors at a plant or in other remote locations and then sends this data to a central computer which then manages and controls the data.

These are PLC based systems and like all forms of hardware and soft ware they can become obsolete over time and can prove difficult in sourcing replacement parts, for worn components. Therefore it might be prudent to determine the effectiveness of the installed system and if works are required on improving the operational efficiency of same.

Simple control systems use pressure switches to start/stop a pump pending system pressure. They work on the principle that upon sensing a low pressure a contact in a pressure switch is engaged to bring on a distribution pump. Upon sensing a higher pressure level the switch would disengage the pump. This systems are called “Stand Alone” and do not require interfacing to a SCADA system. Their simplicity means less capital costs for installation and if anomalies occur they can be resolved using local craft, not dedicated software engineers. However stand-alone systems are not amenable to remote adjustment of setpoints. There are situations where intelligent central setpoint adjustment can improve efficiency, such as lowering pressure setpoints during periods of low demand.

4.5. Supervisory Control and Data Acquisition (SCADA) Systems

One of key processes of SCADA is the ability to monitor an entire system in real time. This is facilitated by data acquisitions including meter reading, checking statuses of sensors, etc that are communicated at regular intervals depending on the system. Besides the data being used by the Remote Terminal Unit (RTU), for control algorithms, it is also displayed to a system operator at a Human Machine Interface (HMI), who is able to interface with the system to override settings or make changes when necessary.
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Figure 19: SCADA Control System
SCADA systems are an extremely advantageous way to run and monitor processes. They are great for small applications such as flow and pressure control or can be effectively used in large applications such as monitoring and controlling a waste water treatment plant.

SCADA can come in open and non proprietary protocols, e.g. LAN and WAN. Smaller systems are extremely affordable and can either be purchased as a complete system or can be mixed and matched with specific components. Large systems can also be created with off the shelf components. SCADA system software can also be easily configured for almost any application, removing the need for custom made or intensive software development. One of the limiting factors for SCADA systems is their ability to communicate with each other but consideration should be given to the use of non proprietary protocols. 
4.5. SCADA Considerations

When assessing the automation requirements for a pumping project it is important that the capacity and effectiveness of the SCADA system be assessed, as part of the scoping aspect of the project. SCADA works on a real time basis and requires reference signals for providing optimum control. Additionally command signals are needed to start/stop pumps and modulate valves and positioners relative to process demands. To that effect the following should be considered, as a minimum, when assessing the SCADA requirements of a pumping project.

· Digital command start/stop signal of the distribution pump.

· Digital input signal for pump status

· Digital input signal for fault indication

· Analogue input signals from field apparatus, e.g. pressure transducer

· Analogue outputs, this could be a control reference for a pressure control valve or a speed reference signal to a VSD.

· Upgrades to the HMI display to indicate the changes made to the system

· The availability of digital input/output channels

· The availability of analogue input/output channels

· The capacity of the RTU

· The location of the proposed installation relative to the nearest RTU

4.5. Electrical Controls

The control philosophy of pumps has significantly changed, overtime, where the control voltage has been amended from the historical single phase 220VAC to a revised low voltage (24VAC), through control transformers, ref National Rules for Electrical Installations Fourth Edition ET 101:2008. Additionally, pending the age of the control panel, the panel could be in a state of disarray with panel instrumentation and indication lamps malfunctioning.


In the event that a site needs to retrofit a pump selection it would be prudent to determine the effectiveness of the current control systems, with a view to adhering to the electrical standards and improving controllability. Additionally the local authority engineer needs to be aware of the electrical requirements of interconnecting a new pump to the sites electrical distribution system. To that effect it is therefore recommended that a review of the effectiveness of the current control system should be completed as part of the scoping aspect of a pumping project. Most MCC cabinets are labelled according to their design parameters where the local authority engineer should familiarize him/herself with the design conditions and the operational load.

With a pumping upgrade project the following should be incorporated, as a minimum.

· The inclusion of man/off/auto selector switch on the control panel

· Motor Running panel indicator

· Motor Stopped panel indicator

· Motor Trip panel indicator

· Panel main switch fuse isolator

· Panel current (I) indicator

· Revision of the sizing of the motor overload and fuses/MCB’s

· For motors with a rated power of 10kW or greater, the installation of a panel energy meter. With the installation of a panel meter it would not be necessary to install a dedicated panel current meter, so long as the meter indicates current. This meter should have the functionality to be connected to an energy monitoring system as standard, or at least have an output for future connection.

· The installation of an emergency stop button, at the pump location, for stopping the pump in an emergency. This function will provide for overriding SCADA controls where the pump would be stopped in an emergency, for example failed components or severe leak.

· The installation of a pump isolator, at the pump location, for the provision of isolating the pump for maintenance works. This will ensure and guarantee complete isolation for craft removing or working on pump components. 

· The installation of a start/stop push button station at the pump location. This function will provide for starting/stopping a pump whilst observing conditions in the field. Often pumps are not located adjacent to control rooms where an operator may need to visually check operational conditions when starting a pump, say after maintenance works.

When performing retrofit projects it is important that the existing control circuits and switch gear are capable, and rated, to accommodate the revised pump selection. Although a retrofit project may reduce the total absorbed power there are circumstances where, due to increased capacity demands, a larger pump/motor is required. In these situations the following should be investigated to determine what upgrade works are required;

· The rating of the MCC switch gear (Panel Isolator)

· The fuse or MCB rating

· The rating of the motor overload

· The size (Diameter) of the internal panel wiring of the motor power circuits

· The size (Diameter) of the motor power cable. For installations where a larger pump/motor is being installed the rated current (I) of the motor could exceed the current carrying capacity of the power cable. Cables should have conductor size clearly labelled on the conductor outer core, e.g. 3 x 4mm2. It is therefore important to be aware of the limitations of the installed cable and, pending motor selection, factor in new cable runs.

All cables have electrical resistance which impedes the flow of current and generates heat in the process, which is a loss of energy. A cable carrying a steady current, which produces a fixed heating effect, will get hotter until it reaches the balance temperature where heat input is equal to heat loss. The final temperature achieved by the cable will thus depend on the current carried, how easily heat is dissipated from the cable and the temperature of the cable surroundings. When this threshold is surpassed heat deterioration of the insulation occurs where the insulation breaks down, smoking of the conductor occurs, which eventually leads to conductors being exposing and potential overload fault conditions.

4.5. Pressure and Level Control

Certain installations require the use of pressure control systems for ensuring system stability. Additionally for reservoir installations level control is incorporated for maintaining a sustainable water level. For both modes process integration is employed for automating the operation of the pumps. The limiting factor for pressure control systems is in maintaining the required pressure at the index point of the distribution pipework points, draw off points nearer the pump will experience higher operational pressures. It is important that in designing a pressure control system that the required index pressure is known and that measures are incorporated into the distribution pipe work for alleviating pressure drops, i.e. sufficiently sized pipes and the use of radial bends, etc.


In a conventional pumping system, one or more pumps are operated at all times based on a predetermined pressure value (Psetpoint) that is selected to meet the peak water demand. At other times, Psetpoint will lead to excess pressures in the distribution system as the water usage reduces, say overnight. An improvement to the conventional pumping system is sending the feedback signal from the pressure transmitter to the pumps. The pump(s) will be turned on and off by a SCADA according to the pressure variations. Although this is an improvement, there are some drawbacks with this arrangement. The frequent switching of pumps will draw electric current (I) abruptly each time the pump(s) starts, subjecting the motor to high in-rush currents (I), which is six to ten times the full-load current. The frequent on-off operation will also lead to potential water hammer problems.

The following sections discuss VSD technology and the advantages of using it for constant pressure control in a distribution network. VSD’s can be added to pumps forcing water into the distribution network. The pressure in the lines can be manually controlled by a potentiometer on the drives for applications with minimal pressure fluctuations. For a system with highly variable pressure fluctuations, VSD’s are connected to the pressure transmitter to receive 4-20mA signal monitoring the pressure fluctuations. The SCADA system monitors the pressure fluctuations and adjusts the motor output to maintain the pressure closer to the set point. As discharge pressure drops, the pump speed is increased to increase the pressure; conversely, when the pressure rises, the PI controller of the SCADA decreases pump speed. When properly tuned, this type of control system has the ability to maintain tight control over system pressure. 
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Figure 20: Depiction of Pumping System using Variable Speed Control (VSD)
Other Benefits 
· Reduced Water Leakage Dual set points reduce water leakage. The water leakage in a distribution system is proportional to the pressure maintained in the system. Maintaining a constant pressure will eliminate increased leakage rates during low load demand periods. 

· Eliminate Water hammer, the ramp up/down features of a VSD eliminate pressure surges. Water hammer caused by hydraulic surges can be easily controlled using VSD technology. The properly programmed VSD system will start and stop pumps on a ramped or timed basis. The slow starting and stopping of a pump, coupled with varying the speed to maintain predetermined discharge pressure, can virtually eliminate hydraulic surges in the system, preventing water hammer. 

· VSD’s offer cost savings by more efficient use of power and pump speed. The use of control valves on pumps has been popular as a way of controlling pressure in a distribution system despite their disadvantages. The control valve modulates, controlling pressure while the motor and pump run at 100%. As the valve ages, this head loss increases, causing pump efficiency to decline and leading to frequent valve failures. 

Although it was previously indicated that VSD installations on municipal distribution systems modulate within very tight bands (3-5 Hz) the installation of VSD speed control still merits the capital investment. With reference to Figure 20 below it can be seen that even when operating at a constant volume (m3/hr) a pump on a VSD will consume considerable less energy than a pump which incorporates other measures for maintaining flow/pressure. However it should be noted that there are limitations to operating VSD’s on pressure control systems as the head generated by a pump is relative to pump speed. This means a VSD could potentially modulate to a tight band and as such will not produce the operational savings which are advocated by some VSD vendors. A case by case study should be completed to ascertain the effectiveness of VSD control for each installation.
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Figure 21: Power Variation of Fixed Speed V’s VSD Pump Control

4.5. VSD Sleep Mode


The control logic for variable speed control is such that a SCADA system would operate a pump to specific bands, or speeds. This typically represents the minimum and maximum speed of the motor where the band would tend to be from 15Hz to 50Hz. To that effect the SCADA would output an analogue speed reference signal to the VSD where the signal would modulate to load conditions. In certain circumstances, with little or no load demand, the VSD could operate at the minimum speed for extended periods. In these circumstances the pump would be doing little or no effective work and as such would be operating inefficiently.

4.5. System Flow Meters

One item of equipment which is often overlooked when completing retrofit projects is a system flow meter. Often meters are installed which do not reflect the actual process conditions and as a result meter accuracy drifts. Flow meters operate more efficiently when indicating flow rates well into their span (Meter Range). Meters have what’s known as a “Turndown Ratio”, this figure indicates the accuracy of the meter at the lower flow rates. For example, a meter rated for 400m3/hr with a turn down ratio of 10:1 would provide inaccurate flow readings below 40m3/hr.

Flow meters should be installed to match the expected flowrate; too often meters are oversized and are operating in an ineffective range. Meter accuracy is important not only for invoicing purposes but for indicating how effectively a plant is performing. It is highly recommended that a flow meter is incorporated into the design strategy of a pumping project but more importantly that the data is recorded and analyzed on a regular basis.

Meters should be installed to match the design flow rates of the distribution pump, in other words a 400m3/hr meter should not be installed on a system where the maximum design flowrate of the distribution pump is only 100m3/hr. When specifying a flow meter it is imperative that the maximum system flowrate is known and that the meter matches this span.

4.6. Appendix D (Pump Installation)



The proper design and installation of a pump can have significant impact on its long-term performance. A piping system that is improperly designed or poorly installed can promote the formation of air pockets or vortices that may impede flow. Piping that runs into the suction inlet should be very straight since disrupted flow can impair pump efficiency and performance. In addition, the piping should be well-aligned with the pump connections. 

Always consult with the manufacturer / supplier regarding installation limitations to ensure that any installation factors that may affect warranty are not an issue. Always install suction and discharge pressure gauges to allow review of the system head. Ensure the system is fully commissioned and validate that the pump performs in accordance with the expected design criteria.

4.6. General Piping

All piping must be independently supported, accurately aligned and sized to match the required flowrate. The pump should not have to support the weight of the pipe or compensate for misalignment. It should be possible to install suction and discharge bolts through mating flanges without pulling or prying either of the flanges. All piping must be tight. Pumps may air-bind if air is allowed to leak into the piping, this can happen on the suction side of the pipe work. If the pump flange(s) have tapped holes, select flange fasteners with thread engagement at least equal to the fastener diameter but that do not bottom out in the tapped holes before the joint is tight.

4.6. Suction Piping


The suction piping more than any other external factor can impact pump performance. In order to reduce the impact of the piping system the suction piping is usually designed at least one pipe size larger than the inlet of the pump, with smooth piping material and fittings. The suction piping should de designed such that the water velocity does not exceed 1.0 to 2.0m/s. Isolation valves on the suction side of a pump should only be knife, gate or plug valves. As the piping reaches the pump it is reduced to meet the pump connection using an eccentric reducer. 

An Eccentric Reducer is a pipe spool used to connect a large pipe to a smaller pipe so that one edge of both pipes is aligned. The eccentric reducer prevents air accumulation in the piping. Maximum suction velocity should not exceed 1.5m/s and all pipe work should be adequately sized accordingly.
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Figure 22: Suction Pipe work best engineering practices

Never use pipe or fittings on the suction that are smaller in diameter than the pump suction size. Figure 23 below illustrates the ideal piping configuration with a minimum of 10 pipe diameters between the source and the pump suction. In most cases, horizontal reducers should be eccentric and mounted with the flat side up as shown in Figure 23 with a maximum of one pipe size reduction. Never mount eccentric reducers with the flat side down. 

Horizontally mounted concentric reducers should not be used if there is any possibility of entrained air in the process fluid. Vertically mounted concentric reducers are acceptable.
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Figure 23: Recommended Spool Pieces for Suction Pipework
4.6. Discharge Piping

The basic principles for discharge pipe work are identical for suction pipework. All pipe work should be adequately sized for the flowrate (m3/hr) required. In a similar fashion to the suction piping the discharge piping should be adequately sized such that the discharge velocity does not exceed 2.0 to 3.0m/s.  The distribution pipework should be sized appropriate to the system where a reducer should be installed between the pump flange face and the distribution pipework. For vertical discharge lines, end suction pumps, a concentric reducer can be used to connect the distribution pipe to the pump flange face, so that the center lines of both pipes are aligned. 

An isolation valve, preferably a knife, gate or plug valve is normally installed on the discharge.  This provides for completing maintenance works through the removal of the pump. To assist with maintenance works a flange by flange spool, or expansion joint, should be placed between the isolation valve and the pump.

4.6. Check Valve

To prevent the flow of water back through the pump a check valve is always placed in the discharge line. The check valve could be a swing check or ball check. None slam check valves to be installed with levers for sewage pumps.

4.6. Pressure Gauges

In order to evaluate pump operating conditions, pressure gauges are placed on the suction and discharge sides of a pump. Ball valves are installed at the base of the gauges to allow easy replacement and to shut the gauges off when not in use, thus extending their life expectancy. All gauges should be glycerine filled and a 4” gauge should be installed as a minimum, for ease of reading.

In applications where there is a constant pressure fluctuation and vibrations, Glycerine filled gauges are used. The case is filled with Glycerine to dampen the oscillations of the pointer. The movement gets lubricated regularly and so is saved from wear & tear, resulting in longer life.

It could also be considered for adding tapings at the suction and discharge pipework for pressure transducers as standard for new pump installations, especially any with NPSH issues
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Figure 24: Glycerine Filled Pressure Gauge

4.6. Rising Mains

Although a project can provide for amending the pipework within a pump house, for improving hydraulic efficiency, there can be limitations to the volume of work conducted due to the civil works required and the associated capital investment. One such example is rising mains from water treatment plants to municipal reservoirs. 

The hydraulic efficiency of a distribution system is directly proportional to the diameter, internal surface condition, and geographical layout of the pipework. To that effect it is advantageous that the local authority engineer becomes familiar with the construction and layout of the distribution pipework. The following would be considered beneficial information for a vender in order for an optimum selection to be made;

· Known age and condition of the distribution pipework

· The length of the distribution pipework

· The diameter of the distribution pipework

· The construction of the distribution pipework 

· Any relevant pressure tests data; In Industry it is Common Practice to include a requirement for pressure testing of the system following installation of new pumps/pipework/valves.  E.g. 12 hours at 1.25 times design pressure.  Pressure shall not drop by more than 5% over this period.  The supplier will be responsible for carrying out the test and supplying all necessary equipment, including certified calibrated pressure gauges.
5.1. References
The Blue box contains a key note or recommendation





 





Definition


Best efficiency point is the operating point at which a pump most efficiently converts shaft power to flow.








Under certain circumstances, the required flow and system head may not be achieved efficiently by a pump selection with a full sized impeller. In these circumstances it may be worthwhile considering a midrange impeller that can be trimmed or increased to meet lower or higher flow rates respectively. Although the pump efficiency is reduced when the impeller is trimmed, a trimmed impeller can provide higher operational efficiencies than a pump where the discharge valve is throttled.








Studies have shown that in many cases 20 to 60 percent of the energy consumed by pump systems could be saved through improved piping, equipment or control system energy efficient design considerations.








Sometimes, due to available pump sizes, it may not be possible to select a pump where the operating point is within the BEP range and the design tolerance of the pump





Pumps which use flushing seals require a fluid (Water) at a higher purity level than the medium which is being pumped. The relevance of this statement becomes more apparent when it is considered how far the pump is from a potable water source.





Always ensure that pumps are installed and operated within manufacturer limits to ensure that any warranty conditions are not affected and to ensure the maximum service life of the pump





Upon receiving the tendering package vendors will make a pump selection from their product catalogue to match system requirements. Often the required duty points may not fall into their generic product range in which a reduced or trimmed impeller is often offered as a feasible alternative.





Selected Pump Curves


A: Full Range 342mm


B: Mid Range 308mm





Efficiency Curve


A: 79% B: 72%





Specified Duty Points


A: 360m3/hr B: 220m3/hr





Energy costs are dependent not only on the best efficiency of the pump(s) but also on the energy consumed by the pump system ( pipe size , flow regulation devices etc. ) and by how much time and how far the pump is expected to operate away from the best efficiency flow-rate





Variable flow and pressure conditions over an extended period should not be controlled by bypass or throttle control strategies where possible





Rated Duty Point





Minimum Rated Flow





Maximum Rated Flow





In systems with highly variable loads, pumps that are sized to handle the largest loads may be oversized for normal operating loads. In these cases, the use of multiple pumps, multispeed motors, or variable speed drives often improves system performance over the range of operating conditions.





Pumps can be offered to operate at different speeds relative to the required head and flow.





It should be remembered that just one additional point of efficiency may be sufficient to pay for the pump over its lifetime, through savings in energy costs. Thus, a lower speed pump, if it is more efficient, may prove to be more economical in the long term








If the available NPSHa is not greater than that required by the pump, many serious problems can result; there will be a marked reduction in head pressure and capacity, or even a complete failure to operate.





Speed has a cube relationship with power. For example, slowing a pump from 1800 to 1200 rpm results in a 33% decreased flow and a 70% decrease in power.Operating pumps using Variable speed controls can offer significant saving, but for Local Authority applications most installations would operate with speed variances of 5-10%





Motors that are much larger than required not only cost more, but suffer efficiency loss when the operating load falls beneath about one-half of the motor’s rated load.








In-service pumps that are oversized and generating too much pressure may be good candidates for impeller replacement or “trimming” – reducing impeller diameter by machining (in order to reduce the energy added to the system fluid).








“Static suction head” is defined as the height of the liquid in the suction system above or below the centreline of the pump. For local Authorities this represents the height of water, on a river or lake, above the intake to the pump, or the depth of water in a suction well below the pump intake.





“Static discharge head” is defined as the height of the highest liquid surface in the discharge system above the centreline of the pump, e.g. reservoir top water level.





“Friction head” is the additional head required to overcome friction and turbulence losses that occur as a liquid flows through the piping system. Therefore it is important that distribution pipework should be suitable sized, as straight as possible, with sweeping radial bends, instead of 90 degree bends. A reduction in friction head through proper distribution pipework will produce net savings in motive energy.





The total Head accounts for all the losses to be overcome by the pump on delivering a volume of water from one water level to another, these could be losses due to friction in piping and fittings. In local authority terms this could represent the losses incurred between the water level in a clear water tank, and the level in a municipal reservoir. 











System head is in effect the head associated with the intersection point of the pump and system curves and the point which determines the energy required to move a given volume of liquid at a specific flow rate from the suction side to discharge side





Minimising system head can significantly reduce the size of pump required and as such is a key factor in the overall efficient design of a pumping system





To assist with the identification of the efficiency of induction motors, a formal efficiency class has being adapted by the European Union. The old EFF standard has now being superseded with the newer mandatory IE standard. For the existing standard all motors should be specified as being EFF-1, the highest standard available.





All motors which fall below the IE efficiency classification will not be allowed for commercial sale in the European Union and where feasible the Local Authority engineer should insist on an IE-3 classification, as IE-3 is the most efficient motor available





�





It is proposed to introduce a transitional period between the existing EFF standard and the newer IE standard. This is for facilitating the smooth transition to the new standard, allowing both manufacturers and state bodies sufficient time to phase out older standards








Note Clear identification of IE Rating and the expected operational efficiencies at various duty points. Traditional standards allowed for one duty point where the newer standard defines how a motor performs at various duty points.





When specifying a motor selection the Local Authority Engineer should always insist on an IP55 rated enclosure as a minimum, for moisture ingress protection, and should, where feasible insist on EFF1, or IE-3 motors Consider needs to be given to the application in hand, e.g. submersible pumps require an IP68 rating as a minimum.





The unit of measurement for MIC is the kilovolt ampere (kVA).This is a requirement for every business that has an electricity supply, irrespective of the electricity supplier. This is a very important utility line item, especially if a site intends on increasing pumping capacity, or is operating close to, or has exceeded in the past. It is therefore recommended that this item is known, including historical trends, prior to commencing any project works.








You pay a Service Capacity charge based on your MIC, and on some tariffs if you exceed your MIC you must pay an Excess Capacity Charge. There are two charges based on your MIC, namely the Maximum Import Capacity charge and the PSO (Public Service Obligation) levy. If your MIC is less than 30 kVA the PSO levy is applied as a fixed charge per two-monthly billing period. If your MIC is 30 kVA or higher then PSO levy is charged on a per kVA basis





Example: �Public Service Obligation levy for Feb & Mar: �35 kVA* for 2 months @ €0.00/kVA/month = €0.00 


* This example assumes a Maximum Import Capacity (MIC) of 35 kVA and a 2 month billing period. Currently the PSO levy is set at €0.00/kVA/2mths. 








Power factor is an important component, in electrical terms, and the local authority engineer needs to aware of the significance that a poor power factor rating with have on the efficiency of his/her plant.








Installing motors which are excessively sized incurs higher installation costs due to, motor cost, supply cable sizes due to higher current, bigger fuses and switch gear and higher distribution losses due to heat gains within the cable.





When assessing the project requirements of a pumping project a local authority engineer should evaluate how a site is electrically performing, ascertain the sites PF rating, look at measures to improve same, and if required install automatic power factor correction units.





To ensure that a pumping project adheres to the objectives being sought, it is imperative that the pump controls are addressed in a similar fashion to the mechanical installation.





Unlike DCS systems, which are site orientated, SCADA systems can communicate to other SCADA systems through a local area network (LAN). This feature allows for remote monitoring and is an important feature for local authorities that have unmanned installations. However, with the varying degree in age of SCADA systems, it is imperative that all systems work to the same protocol. Therefore when installing SCADA systems the local authority engineer should insists on T101, or IEC60870-5-101 (IEC101) systems.








Pending the age of the installation it may be more prudent to look at totally rewiring the pump controls with the installation of a new pump. This could entail completing control panel modifications or the installation of a new dedicated motor control cabinet (MCC). It is also worth noting the maximum rated current carrying capacity of the installed MCC cabinet when considering new installations. Cabinets are designed for rated maximum currents (I) with applicable switch gear, bus bars, and internal components rated accordingly. Exceeding the rated current could cause a premature failure of the components





Installations which maintain system pressures can operate more efficiently through adjusting the speed of pumps through VSD’s. This will ensure the least amount of power is absorbed by the distribution pump on matching system demands





Control logic should be incorporated into a VSD control to sequence off the VSD for periods of extended low loads. This function is known as “Sleep Functionality” and is used as an energy conservation measure.








When considering the Functional Design Specification (FDS) of a pumping system it is imperative that the control logic accounts for the installation of a flow meter. It needs to be determined if the meter is purely a reference tool or will the meter output be used as a reference signal, i.e. speed control of a VSD.








The operational efficiency of a pump installation not only depends on vendors pump performance specifications but on the manner in which the pump and inter-supporting pipe work is installed. To ensure that a pump is installed correctly it is imperative that good engineering practices are implemented








A common tendency during installation is to force connections to fit rather than carefully readjusting the location of the pump or the piping. Force-fitting a misaligned connection can distort the pump housing, creating a harmful load condition on the pump shaft and bearings leading to increased maintenance, reduced life etc. Laser Alignment is considered best practice for large pumps in Industry








Avoid the use of throttling valves and strainers in the suction line. Start up strainers must be removed shortly before start up. When the pump is installed below the source of supply, a valve should be installed in the suction line to isolate the pump and permit pump inspection and maintenance. However, never place a valve directly on the suction nozzle of the pump.











� Pump Life Cycle Costs: A Guide to LCC Analysis for Pumping Systems: A collaboration between the Hydraulic Institute, Europump, and the US Department of Energy’s Office of Industrial Technologies (OIT).


Available at the following link: http://www1.eere.energy.gov/industry/bestpractices/pdfs/pumplcc_1001.pdf





� Suction Head can be either a positive or negative valve. Reference Section 4.2.1 Static Head for clarification


� UK Carbon Trust; CTG006 Variable Speed Drives; Introducing Energy Saving Opportunities for Business


Carbon trust CTG007: Power factor correction - An introduction to technology and techniques


Pumps & Systems Magazine, Nov 2002: “Optimizing Pumping Systems to Minimize First or Life Cycle Cost” by Judy Hodgson & Trey Walters
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