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Figure 1 End suction own bearings pump supplied on a baseplate complete with motor
and coupling, (Flowserve).

1.1 Product category and performance assessment

Existing methods of categorisation:
1.1.1 Prodcom categories (Eurostat).

Prodcom is the official source of EU statistics on EU industrial production, and so is the primary
reference used for classification of pumps. There are many categories of pump included, and
so for clarity this extract from Prodcom (Table 1), excludes types explicitly not for water
pumping. However, it is unfortunately limited in its usefulness in that it does not differentiate
between clean water and other applications (eg 29122413), and it also does not differentiate
between different configurations of centrifugal pumps. In terms of user selection, the
configuration is important, and so this categorisation is inadequate for the purposes of this
study. (Figure 2.X shows how this classification maps on to the more useful Europump
classification).

Table 1 Prodcom classification of relevant pumps

Prodcom Description
Reference

29122413 [Submersible motor, single stage rotodynamic drainage and sewage pumps
29122415 [Submersible Motors, multi-stage rotodynamic pump

29122417 (Glandless impeller pumps for heating systems and warm water supply

29122420 Rotodynamic pumps <= 15mm discharge

29122430 [Centrifugal pumps with a discharge diameter > 15mm, channel impeller pumps,
side channel pumps, peripheral pumps and regenerative pumps.

29122451 [Centrifugal pumps with a discharge outlet diameter >= 15mm, single stage with a
single entry impeller, close coupled

29122453 Centrifugal pumps with a discharge outlet diameter >= 15mm, single stage with a
single entry impeller, long coupled

29122455 Centrifugal pumps with a discharge outlet diameter >15mm, single stage double
entry impeller.

29122457 Other centrifugal pumps, single-stage
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1.1.2 Categories according to En- or ISO- standards

The only pertinent technical standard is EN 733:1995 (End-suction centrifugal pumps, rating
with 10 bar with bearing bracket. Nominal duty point, main dimensions, designation system,
Figure 2 and Figure 3), which gives the dimensions and nominal performance of end suction
centrifugal pumps. While it is well accepted within the industry, it is limited in scope to this style
of pump only. This definition of product performance is a difficulty in that it would not permit
changes in physical design of the product, which is in contravention of Article 15 4(e) “in
principle, the setting of an ecodesign requirement shall not have the consequence of imposing
proprietary technology on manufacturers.”

Given the large number of pump types in existence, this single standard (which corresponds to
some of the “Centrifugal — Single entry volute conventional” pumps in figure 1.1), is inadequate
as a means of classifying pump types. It would certainly be inappropriate to use EN 733:1995
as the basis for any efficiency standards.

For Multistage well pumps, the motor has a standard NEMA connection, and they are
constructed to fixed well diameters (3", 4”, 6” and larger).

There is therefore no single En or ISO standard tha t relates to all the types of pumps in
this study.

Figure 2 Extract from EN733 showing the standardise  d dimensions for pumps built to
this standard .
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Figure 3 Extract from EN733 showing the complete range of nominal pump
dimensions for the EN733 style of
pumps.
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1.1.3 Labelling categories (EU Energy Label or Eco- Label)

There are currently no EU eco labels that can be used as a basis for pump categorisation.
However, the voluntary circulator scheme is a useful reference, in particular in the way that it
takes account of operation at reduced flow.

1.1.4The Study classification scheme for pumps

Given the lack of any existing classification scheme adequate for our purposes, the following is
being adopted. There are other categorising schemes available from other sources, but none of
them (including the family tree in

Figure 4 below 1) has obvious merits over any others. [The important point is that all
discussions are made on the basis of consistent terminology. The types to be considered in this
study are shown in italics in Table 2.

Figure 4 Family tree of pumps, showing the mainty  pes used for water pumping, by
construction

Pump

I_I_I

Rotodynamic Positive Displacement
Centrifugal Mixed Flow Axial  Reciprocating Rotary

T

Single Stage Two Stage  Multistage

F—

Double Single
Entry Entry

It is acknowledged that this categorisation of type is imprecise, in that there are sometimes
commercial or technical reasons why an unusual type of pump is chosen for an application, and
some types of pumps could be classified in more than one way. However, the impact of this
imprecision on the selection and analysis of pumps is only going to be very small, and so is not
considered any further. There are in addition some highly specialist types such as water jets
used for mining, liquid ring pumps used for providing a vacuum in for instance the paper
industry. Unfortunately there are no sales figures for these, but the specialist nature makes it
apparent that sales will be low. However, in terms of our study, the key point is that they are not

1 ! UK Guide to the Procurement of Rotodynamic Pumps, David Reeves (Unpublished).
Available from the study group or BPMA.
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used for the water pumping applications stated in the ToR, and so they will not be considered
any further.

The scope of the work excludes pumps which may have special features to cope with the
foIIowmg operating requirements:

Fluids with particularly high or low temperatures.

Aggressive fluids, perhaps acidic, flammable of explosive.

Matter to be pumped that needs careful handling, eg food processing.

Precision measurement of fluids

Pumping of fluids with high solids content, such as Waste Water Treatment.

Table 3 The Universe of pumps — categorisation byt  ype.

Style of Pump
Is it mass produced? X))
Is it for Clean Water? X)

Single Entry Volute - Conventional INCLUDES End
Suction Own Bearings and Close Coupled End Suction

types

X
X

Single Entry Volute — Solids Handling

Centrifugal Single Entry Volute — Non-Clogging

Single Entry Volute — In-Line

Double Entry Volute

Two Stage Volute

XX XX

Multistage Radial Split
INCLUDES Vertical Multistage pumps

Multistage Axial Split

Multistage Barrel Casing

Single Stage Well

Multistage Well
INCLUDES Submersible Multistage Well pumps

Mixed Flow Volute

Bowl

ROTODYNAMIC

Axial Flow Well

XXX XX

Progressing Cavity

Sliding Vane

Rotary Peristaltic

Screw

Lobe

Gear

Diaphragm

DISPLACEMENT

POSITIVE

Reciprocating Plunger
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Piston

Open Archimedean Screw

The two columns on the right are used to show which pumps (X) meet the two key criteria for
pump selection that is implied by the terms of reference. The selected pumps are shown in
italics in the third column.

1.1.5 Definition of Primary Functional Parameters

The primary functional parameters (ie “what it does”) are: Rated flow (“Q”, m®hour), pressure or
head (“H",m), and the fluid properties. Efficiency is not a primary functional parameter, on the
basis that it relates to how a product does something, not how it performs. “Fluid properties” are
included to make clear that the nature of fluids has a major impact on the selection of product.

The functional unit is the reference value for any pump considered, and is independent of type.
It also helps to set the boundaries for comparison of different products. For the pumps in this
study, this may be assessed by considering “the quantity of water pumped at the specified head
(pressure), (m*h, m)".

Although this may seem to be an abstract concept, it is actually a fundamental technical
consideration under-pinning this report that will be referred to when later needing to compare
physically different pumps which actually perform the same task.

1.1.6 Secondary Functional Parameters

The importance of secondary performance parameters is that they are often instrumental in
guiding the specification of a pump, and so these must also be considered when considering
possible implementing measures. These include;

Pump speed . The rotational speed of the shaft is the most important pump operating
variable. Pumps tend to be purchased to operate at the highest speed that the suction
conditions (NPSH) will allow, since this usually results in the lowest first cost. (Since most
pumps are driven by induction motors, the speed options tend to be limited.) This can be
false economy for many reasons, e.g. a four pole motor can be cheaper than a two pole
motor; more maintenance will be required since the life of wearing parts (such as
impeller/casing wear rings, seals, bearings, couplings) will be reduced. Of the highest
importance is the fact that the fastest pump may not be the most efficient option, so that the
initial price advantage can be lost in a short time by increased energy costs.

Fixing dimensions.  Pumps which are manufactured to a National or International Standard
will usually have their mounting hole sizes and locations defined by the Standard. This is of
particular value when replacing a failed pump.

Bearing arrangements . Pump impellers must be positively located both radially and
axially. The radial bearings must resist radial thrusts and enable the impellers to maintain
fine radial running clearances to minimise leakage between the impeller and casing. The
axial bearings must resist axial thrusts, maintain the relative positions of the impeller and
casing and ensure accurate location of axial seals. End Suction Own Bearings pumps use
two anti-friction bearings, usually grease lubricated. End suction Close Coupled pumps use
the two grease lubricated anti-friction bearings of the motor. Vertical Multistage pumps use
the motor bearings for axial location, radial location being provided partly by the motor and
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partly by water lubricated plain bearings in the pump. Submersible Multistage Well pumps
use the motor thrust bearing to accommodate the hydraulic downthrust and the weight of the
pump rotating element, with a small thrust ring in the top of the pump to resist upthrust when
starting. Radial location is provided by water lubricated plain bearings.

Net Positive Suction Head (NPSH ). This is the total head at the pump inlet above vapour
pressure (corrected to the level of the first stage impeller inlet, if different). Two important
values of NPSH are the NPSH required by the pump (NPSHR) and the NPSH available to
the pump (NPSH,). The NPSHg, is usually that at which the pump (or the first stage impeller
if a multistage pump) loses 3% of its generated head due to cavitation. The (NPSH,) must
exceed the NPSHg by a safety margin. This would rarely be less than 1m but will usually be
greater because of many factors such as pump speed, size and operating range. The
NPSHg reduces between pump best efficiency flow (BEQ) and about half flow, but increases
rapidly above BEQ.

Noise. A pump of the types covered in this report operating under optimum conditions
should be less noisy than its motor. If such a pump is noisy, then it is a fault condition. It
could be a mechanical fault, such as failed bearings. However, it is more likely to be an
operational fault. It could be running at too low a flow, which causes noisy cavitation in a
volute and sometimes in an impeller, or it could be suffering from inadequate NPSH,, which
causes noisy cavitation in an impeller.

Minimum clearances required.  The radial running clearance between the impeller(s) and
the casing is critical, since the leakage through this clearance has an adverse effect on
efficiency. In a cold water pump this clearance can be as low as 0.25 mm on diameter.
However, if the pump operates away from its best efficiency point there is likely to be
contact, wear, and a resulting increase in clearance. Also clearances can be eroded quite
quickly by abrasives in the water. This can be a particular problem with sand in boreholes.

Expected lifetime of the pump . The lifetime of a water pump will rarely be dictated by
obsolescence. The pump will usually be replaced when it fails, due to a broken component
or an unacceptable drop in output. A pump operating under ideal conditions should work for
20 years with minimum maintenance. Unfortunately, most pumps lose efficiency due to
wear in their wear rings, due to operation at part flow, and/or roughening of their cast iron
volutes by corrosion products. It is not unusual to lose 10% of the new efficiency in ten
years.

Seal arrangements. The pump shaft must be sealed to minimise leakage between the
pump and atmosphere. Some pumps may have packed glands for minimum cost, but most
water pumps will have simple mechanical seals consisting of radial faces held together by a
spring and lubricated by a very thin film of the pumped water. The faces will usually be
carbon running against a metal. These seals are ‘leak free’, although actually passing a
very small flow of water vapour. They do not require cooling or sealing water unless they
have to operate below atmospheric pressure.

Efficiency at operating/duty point. This is a major determinant in lifetime operating costs.
It is therefore important that a pump should be chosen which has a high efficiency, and that
its best efficiency point (BEP) is as close as possible to the principal duty on site. The
efficiency of a pump depends on its basic geometry, fine running clearances and a good
surface finish.

Material . For the duties specified in the scope of work, cast iron is adequate. (For other

fluids alternative speciality materials may be needed.) The impeller may be in bronze to
avoid roughening by corrosion. The cast iron volute can be protected from corrosion by a
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suitable coating. The need for coating depends on the water hardness and whether
aggressive bacteria are present. The hydraulic components of small Vertical Multistage
pumps and small Submersible Multistage Well pumps are usually made from pressed sheet
stainless steel or plastic materials. These have a good finish which helps efficiency. In the
case of sheet steel, the low thickness further helps efficiency.

Part load behaviour. At around half flow, a pump can become noisy (see ‘Noise’ above)
due to recirculation of the flow in the impeller and volute. At lower flows this could reduce
bearing and seal life. At very low flows a pump can overheat. However, low flows should
be avoided as far as possible because of loss of efficiency. It is therefore very important to
avoid adding unnecessary margins to the required head and flow, which cause the pump to
operate at reduced flow under actual site conditions.

General construction . Ease of maintenance varies with pump type. With End Suction
Close Coupled pumps it is possible to access the impeller by removing one set of nuts or
screws and removing the full rotating element including the motor without disturbing the
pipework. Access to the seal is then possible by removing the impeller. With End Suction
Own Bearings pumps, the coupling is removed and the pump rotating element can then be
withdrawn without disturbing the motor or the pipework. With Vertical Multistage pumps, the
top-mounted motor and multiple pump stages make access more difficult, but it is still
possible to dismantle the pump without disturbing the pipework. With Submersible
Multistage Well pumps the main problem is lifting the rising main to access the pump.
However, the pump is then easily removed from the motor by unbolting the standard NEMA
flange and sliding the splined shafts apart.

1.1.7 How the pumps to be studied are derived from the above
categorisation

The rationale for the final selection of pumps to be considered in the study is presented here in
summary form, but it should be noted that some of the arguments draw on subjects discussed in
more detail in later sections of this report. The approach taken is to assume that all pumps are
included, unless there are reasons given in clauses within the EuP Directive that mean that they
can be excluded. Care has been taken to try to ensure that no pumps are excluded due to the
type of technology rather than the duty/service/function.

An important point is that some types of pumps could theoretically be used in many different
application categories, but this does not happen because they are not appropriate in terms of
one or more of the secondary functional parameters.

In this study we need to reflect real life product usage, and so we are guided by current norms
in the way which we consider the products to be considered for each application.
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1.1.8 How pumps work

Figure 5 The basic principles of Positive Displacem  ent (left) Rotodynamic pumps (right)

1.1.9

Figure 5 above shows the basic differences between a Rotodynamic and a Positive
Displacement pump. A Positive Displacement pump in its simplest (and oldest) form is typified
by a bucket lifting water from a well or river. It shows the principle of all pumps of this type;
enclosed volumes of liquid are collected at the pump inlet and discharged at the outlet at
increased head. The basic principle of a Rotodynamic pump is illustrated by the stirring of a cup
of tea to the point where the rotating liquid is given sufficient energy to spill into a (rather deep)
saucer, where the level (head) is higher than the mean level in the cup. In a Rotodynamic
pump, a continuous flow of liquid passes through a rotating impeller which imparts energy, is
collected (usually by a volute or guide vanes) and discharged against an increased head.

Contrary to popular belief, a rotodynamic pump cannot suck. Water is pushed into the pump
inlet branch by the pressure acting on the water surface (usually atmospheric pressure) and,
where applicable, the height of the water level above the pump. The water flow then passes
from the inlet branch of the pump to the inlet of the impeller. It then has to change direction
from axial to (near) radial as it enters the passage between the impeller vanes. In a well-
designed impeller, at best efficiency flow the water will pass smoothly over the vane inlets with
little disturbance. The vanes will then start to work on the water as it flows through the impeller,
creating an increase in pressure and velocity. At best efficiency flow, the water will spiral out of
the impeller in a free vortex of constant angle to the tangential direction. As the diameter of the
volute increases, the flow velocity reduces and pressure is recovered. The volute cutwater angle
should be a close match to the spiral angle and will peel off the water to guide it to the outlet
branch. The water then leaves the pump with a much increased pressure and usually with a
small increase in velocity.

In vertical multistage and submersible multistage well pumps, the volute function is carried out

by several vanes which guide the water from the discharge of one impeller to the inlet of the
next. Ideally these will be designed for minimum loss but, in small submersible pumps, getting
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the maximum flow from a fixed borehole diameter may force a reduction in the diameter of the
guide vanes or alter their geometry so as to cause a small loss in pump efficiency.

Figure 6 How rotodynamic pumps work: flow paths (| eft) and cutaway of motor-coupled
pump

Rotodynamic types are generally cheaper and more robust, and so account for the bulk
(>90%) of sales. Positive Displacement types are more sophisticated and highly engineered,
and despite their usually better efficiency, are just not currently cost effective for the types of
water applications in the ToR. Despite this, because the EuP Directive aims to encourage
improved products, this type will be included as a generic BAT. Although it is anticipated that
the MEEUP analysis will not show these to be a cost effective design option at present, for
completeness this option must be considered in the report. Because the use of the types of
pump in the applications stated in the ToR are negligible, it is not appropriate to subject this
style to the full MEEUP analysis as a separate product, as no design options to improve this
style of pump would be suggested because of the low sales.

There are sound reasons for excluding the following types:

Single Entry Volute solids handling and non-clogging types used in dirty water applications
would not be used for these water applications, and so are excluded.

Multi-stage axial split : Mainly large pumps for boiler feed or seawater injection purposes.

Excluded on the grounds that there are insufficient volumes sold and that they are not for the
applications in the ToR.
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Multi-stage barrel casing : Large pumps especially for primarily for high pressure or
temperature liquids. Excluded on the grounds that there are insufficient volumes sold and that
they are not for the applications in the ToR.

Single Stage Well pumps are mainly for water abstraction, and have very low sales, and hence
are outside of the scope of this study. This type is usually surface driven via a long drive shaft.

Double-entry volute : This has the advantage that maintenance is easy because the top of the
casing can be removed and the impeller removed without the need for a spacer coupling. Sales
of these are very low, and mainly restricted to the UK market. Excluded because sales are very
low and now not regarded as worth the additional cost for the ease of maintenance that it
enables.

Two stage volute is a special design for specific ranges of head and flow, and are at the
transition between conventional single stage and multiple stage pumps. Generally there are no
equivalents in either of these adjoining sectors, and so it can be regarded as a single type in its
own right. On this basis they can be excluded because the annual sales are insufficient.

Mixed Flow and Axial flow  Again, these are specialist (low head) types with only very low
annual sales, and so are excluded.

The remaining pump designs are all centrifugal types, and there are various ways that these
could be put in to different categories. Generally, if product categories are too tight, then none
will exceed the 200,000 pa threshold, which is not satisfactory. But if product categories are too
broad, then they do not mean much to the user, and any suggested design options would be
likely to miss design / application subtleties in the secondary functional parameters and so be
flawed.

The argument is always based firstly on the primary functional parameters, which are the flow
and head. In these simple terms, within the centrifugal category, different styles are better suited
for different head:flow duties. The style alters in a general way with reference to specific speed.
While there will always be overlaps between different styles and their suggested range of
application, the pragmatic way forward is to use the basic classification shown in the table to
split the continuum of styles into manageable groups. Without this, it would be impossible to
have a single implementing measure that could sensibly apply to all types.

Taking all these factors into consideration, and by reference to Europump sales statistics, the
types shown in bold in 1.1.10 are those that are suggested as being relevant to this study.

1.1.10 Details of the key types of pumps considered in this study
A fuller description of the selected pump styles is shown in section 4, but in summary
comprises:
Single stage close-coupled (end suction close coupl ed)* (ESCC)
- Includes In —Line volute pumps
Single stage Water (end suction own bearing)* ( ESOB)

Submersible multistage well pumps; (4” & 6”)
Vertical Multistage Water Pumps

* These types were included in the earlier SAVE Pumps study
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1.1.1.1. Single Stage Pumps (ESCC and ESOB)

Water pumps of this type are used in many applications. They are commonly used for water
supply and pressure boosting in tall buildings, also for cooling water and general service
water in industry. They can be used for other applications, but these are outside the scope
of this study:

Fire fighting - but special characteristics are usually required.
Irrigation (usually with a priming device).

Pumping from shallow boreholes (using an ejector).

Small pumps can be used for fountains or swimming pools.

In terms of construction, this category includes close-coupled (ESCC) and end suction own
bearings (ESOB) types. Hydraulically they have the same performance, with the difference
just being in the way that they are supported. To save cost, smaller pumps are designed in
the more compact end suction close coupled (ESCC) construction. Larger pumps will need
additional support, and will also have a separate motor, and so are supplied in the end
suction own bearing design.

In addition, in-line pumps are available for use mainly in circulator systems, where this
design is particularly convenient to install. Hydraulically they are very similar to end suction
types, but have the disadvantage of additional losses due to the additional 90° bend on the
inlet side.

Figure 7 Typical Performance of single stage pumps
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The Back wear rings have integral impeller balance holes (to reduce thrust and gland
pressure), which cause some efficiency loss. However, the efficiency falls relatively slowly
as flow moves away from best-efficiency. A general feature is that smaller pumps tend to be
relatively low cost with efficiency on the low side.

The head may fall with reducing flow (as shown); if so, at reduced flow surging may occur
and pumps will not run in parallel at low flows. Power may increase considerably beyond
best-efficiency flow, and so to cope with this, larger motors may be needed.

Impeller may be mounted on motor shaft, or pump may have its own shaft and bearings with
pump driven via a coupling. This important physical characteristic is the defining feature used
for separating these into the two classes.

For standard ESOB pumps to ISO 2858 (EN 22858, ex Din 24256) and EN 733, ex DIN
24255, enable back pull-out of rotating element without disturbing pipework and, if using
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spacer coupling, without disturbing motor. Some pumps have special inlet casings for self-
priming.

Figure 8 (Left) End suction own bearings, design of single entry volute pump
(Flowserve)

Figure 9 (Right) End suction close coupled design o f single entry volute pump
(Flowserve)

Figure 10 (Bottom) End suction and in line pumps, w ith outlet at right angle and in line

respectively. The motor is connected to the bottom and top respectively.
(Wilo)
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1.1.1.2. Submersible Well and Vertical Multistage p  umps

Both these types are characterised by being constructed of two or more pump stages being
constructed on top of each other, with large stacks consisting of 20 or more stages in order
to reach the high head that these applications serve.

Submersible Multistage Well pumps are used mainly for abstraction from wells and
boreholes, for potable water supplies or irrigation. They are also used for lowering of
groundwater levels, de-watering mines or fire-fighting.

Vertical Multistage pumps are used in potable water supply for relatively high pressure
boosting and distribution. They can also be used for irrigation and for feeding small boilers.

Shaft drive from surface mounted motors may be used in wells up to 30m deep, although use
in deeper wells may still be economical. However, shaft drive would be very unusual in small
diameter wells, and so is not considered in this study.

A submersible motor version is used in deep wells, with motor mounted below pump to aid
cooling. The motor is usually water-filled with an integral thrust bearing. Motors are
interchangeable between makes since they are connected to the pump by standard NEMA
flanges and splined shafts.

Figure 11 Typical Performance of multistage pumps
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Pump efficiency reasonably good but submersible motor less efficient than
conventional motor. Column pipe losses may be significant in deep well.

Power usually peaks at or near best-efficiency flow.

Figure 12 (Left) A selection of Submersible Multis  tage Well Pumps

Figure 13 (Right) Vertical Multistage Pump
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1.1.1.3. Selection of pumps for this study

Single stage close-coupled (end suction close coupl ed),
Single stage Water (end suction own bearing),

Submersible multistage well pumps; (4" and 6")

Vertical Multistage Water Pumps
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4.) The indicative 200,000 units figure for products to be impacted is only to chose products
on the basis of primary functional parameter. It should not be used as the basis for detailed
consideration of which particular pump sizes etc are to be considered.

5.) As with many products, sales of those at the extreme of sizes will be very low compared
to those in the “centre ground”. To make the study much more manageable, the ranges
should be defined so as to select say 90% of products by sales. Final definitions of the
ranges of H/Q sizes of the pumps to be considered will be made once initial data has been
collected.

6.) However, the following is suggested as being a pragmatic selection:
- Single stage single suction (3 types at 2 speeds = 6): All duties specifically covered
by EN 733.
Vertical multistage: All pumps with in-line branches in their base and top mounted
motor.
Multistage Submersible:
a) All pumps intended for 4" holes.
b) All pumps intended for 6" holes.

In each case, care must be taken to check that these considerations will not inadvertently
allow excluded products from benefiting by being excluded from any implementing
measures.

The following are the selected pump types/sizes that are to be considered to develop the
base case reference models. These were carefully selected to represent the manufacturing
issues that apply to all pumps within each of the categories. To do this adequately, it was
found necessary to select both a “small” and “large” model for each type.

Table 4 Details of the pump types/sizes to be analy  sed for this study

Style Standard Selected Duties (Q,h,speed)
(where applicable)

End Suction Own EN 733:1995, 10 bar rating 1) 25 m’h at 32m 2 pole
Bearings (ESOB) 2.) 125 m%h at 32m 4 pole

End Suction Close None applicable, and so suggest | 1.) 25 m’h at 25m 32m 2pole

Coupled (ESCC) base duties on EN 733:1995 2) 125 m¥h at 25m 32m 4 pole
Submersible None applicable, so have based 1.) 10m°/h at 42m 8m°/h at 60m 2pole
Multistage ;(;J(I)edclzjtgn on typical available 2) 8.5m%h at 59.2m 17m%h at 80m 2 pole

Vertical Multistage None applicable, so have based 1) 42m°hat 10 m 4m°h at 40m 2 pole

selection on typical available 2) 4m3/h at 45m 10mh at 40m 2 pole
product
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1.1.11 Boundaries of the system

The principles behind the selection of the boundary of the product that we should look is
considered at length in the Introductory report. Using these principles, it was decided that
the following are the most appropriate boundaries for the different styles of pumps in this
study.

End Suction Own Bearing pumps

These pumps are constructed as standalone products, that may be traded either as
standalone products or with a motor attached by the manufacturer. The choice of motor will
often not be known at the time of manufacture, and particularly on larger pumps may be
dictated by the end User. While it is more usual for the product to be traded with a motor and
associated mounting components, it was felt that the results would be more useful if this
study analysed the pump alone, as t would also make clear that the pump manufacturer is
responsible for the efficiency of the pump.

End Suction Close Coupled Pumps

These are always supplied with the pump attached to the motor, as the impeller is supported
by a special extended shaft. This is because if it was supplied separately, the impeller would
be loose until such time as it was attached to a motor, which is clearly impractical. So there
is an argument for considering the whole motor:pump unit as the product. However,
because the motor is likely to be a standard induction motor in all respects apart from the
shaft, it will be analysed, it can be physically separated for the analysis, and so we will do
this.

Submersible Multistage Well pumps,

These products are always sold as a combined pump and motor. However, the motors used
have a standard NEMA mechanical connection, and are inter-changeable.” In terms of the
analysis, it is therefore possible to split the pumps, and so as with the above products this is
seen as being the best thing to do.

Vertical Multistage pumps

As with End Suction Own Bearing pumps, these may have any motor attached to them ,
although it is more usual for the manufacturer to supply this. But because they can clearly
be split, this is the approach that has been taken.

In all cases the above thinking applies to the analysis only, it is possible that any
implementing measures would be based on the combined motor and pump unit.

2 Franklin motors for example specialise in the manufacture of these motors, and supply them both to OEM pump manufacturers and as spares for
many different brands of pump.
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Figure 14 Boundaries of the system for each of the types of pump considered
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1.1.12 The pump system (TO BE EXPANDED)

Figure 15: lllustration of an open pumping system
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3 Section1.1.13 copied (with changes) from Europump E ~ EMODS 2007 draft paper Energy
Efficiency Evaluation of Pumps in Europe - Europump s proactive approach to the Energy
Using Products Directive
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The User therefore has an almost infinite range of pump options, which makes analysis
difficult. But because the pump will be designed for best efficiency at full impeller, it is most
appropriate to only consider performance at full impeller, as this is indicative of performance
at all impeller diameters. As the EuP Directive is aimed at improving pump design, this was
seen as being the most appropriate impeller diameter to consider.

Figure 20 Variation of pump performance with pump i mpeller diameter, showing
reduction in head and flow (top graph) and correspo nding change in power
consumption (bottom graph). (Grundfos).
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1.1.15 Importance of inlet pressure

Unlike a fan, a pump requires a minimum pressure at its inlet branch if it is to produce any
flow at all. This is because at low pressures the water vaporises at the impeller inlet and the
impeller is then unable to produce the pressure rise necessary to overcome the system
resistance it is intended to work against.

The net positive suction head (NPSH) required by the pump (NPSHR) is defined in
paragraph 1.16 above. To operate normally the pump will usually be arranged in the system
such that the NPSH available at the pump inlet (NPSHA) is at least 1.5m greater than the
NPSHR throughout the intended flow range.

If the NPSHA is close to or less than the NPSHR, the head produced by the pump and the
pump efficiency will both fall. It is therefore essential to provide adequate suction pressure to
the pump if its optimum performance is to be achieved.

If the pressure at the pump suction is below atmospheric pressure, the pump performance
can also deteriorate if air leaks into the pipework or through the pump seal. Even a very
small leakage of air can reduce the pump head and efficiency significantly, so close attention
to sealing is essential. In the case of Submersible Multistage Well pumps, if the water level
in the well is too low air can be drawn into the pump through a vortex and again the
performance will be adversely affected.

1.1.16 Variable speed operation and Integrated Vari able Speed Pumpsets

It should be noted that the part flow performance of the same pump will differ greatly
depending on the characteristics of the hydraulic system that it is driving. The extremes of a
pumping system would be represented by a circulator system where there is a steep
reduction in power consumption as speed falls, and a water raising system where the system
will simply not work if speed is reduced. For fixed speed pumping systems, which is the
focus of this study, this variation in characteristics does not matter. But for variable speed
pumping systems, this is an issue.

This means that in order to define the operating conditions under which part flow
measurement will be undertaken, a single system resistance must be defined that is in some
way representative of all the systems that the pump may be driving.

While in terms of the Directive Integrated Variable Speed Pumpsets are clearly within scope
regarding the definition of a product, the view is that this would be a mistake on two grounds:

Sales of integrated variable speed pumpsets are very low compared to fixed speed
equivalents, and so would not be a separate product category.

The pumps used in integrated variable speed pumpsets are the same as those sold as
pumps without any driver. In practical terms, it is important from the manufacturers
perspective that the same design considerations apply to all pumps of the same type,
irrespective of how they are sold. Differences in the performance of the driver (control
electronics) between models will be negligible compared to the energy savings that they can
deliver.

What we therefore suggest is that we make an estimate of the system energy and
environmental savings possible from the use of variable speed operation, but not look at the
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additional costs of the VS unit. This is in line with us not considering the impact on the pump
or pump system of using a more efficient motor. From a policy perspective there is some
sense in this in that we would not want to discriminate against users who obtain the same
benefits by using a separately mounted VSD.

A separate chapter on the benefits of variable speed control will be written as an annex to
the parallel Motors report. A revised paragraph on the specific benefits of variable speed
control as applied to pumps will also be included in this report at a later stage.

Figure 21 Variable speed pumpset (KSB)
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1.2 Test Standards

This section identifies the relevant test standards and procedures.

1.2.1 Harmonised test standards

Performance testing of pumps is to one of two ISO codes, Grade 1 (most accurate) or Grade
2 (least accurate) to EN 1SO 9906-1999, (currently being revised). The tolerance on head
and flow for Grade 2, which is the norm for mass produced pumps of the type with which this
study is most closely concerned, is large. Efficiency, which is derived from these and
electrical motor input power (which also has a tolerance), will therefore have a
correspondingly large tolerance®.

For larger pumps, a user may therefore request a test of the actual pump to Grade 2, but this
costs additional money, and so will not be done unless specifically requested.

Smaller pumps produced in series (mass produced) tend to be sold without test and instead
use the efficiencies shown on catalogue curves, with the efficiencies to the tolerances shown
in Annex A of ISO EN 9906-1999.

The final version of this report will include a discussion on the effect of these tolerances, and
make proposals for what scheme should be used in any scheme relating to pump efficiency.
In particular, we should also consider what “tolerance band” should be incorporated into any
such schemes to account for the impact of these tolerances.

With any efficiency — dependent scheme, it is important that there is a level playing field, with
no manufacturer seeking to exaggerate the efficiency of their products.

These factors mean that quoted efficiencies may not be sufficiently reliable indicators of
actual performance, which makes selection of specific pump by the specifier on the basis of
efficiency hard. Furthermore, the wide tolerances currently allowed on performance testing /
efficiency quotation could make classification of pumps on the basis of efficiency difficult.

Pump Efficiency Tolerances per EN ISO 9906:1999

The following is the study group’s interpretation of these allowed tolerances:

Tolerances are applicable when comparing a Test efficiency with a Guaranteed efficiency.
The highest relevant Tolerance factor listed below should be used.

A. General.

Grade 1 Test: The Test efficiency shall not be below the Guaranteed efficiency by more
than (3% x Guaranteed efficiency).

Grade 2 Test: The Test efficiency shall not be below the Guaranteed efficiency by more
than (5% x Guaranteed efficiency).

“ The tolerance on head, flow and efficiency measurement in the various existing and proposed standards will be stated in a future version of the
report.
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B. Pumps produced in series with selection made fro m typical performance curves.

Grade 2 Test: The Test efficiency shall not be below the Guaranteed efficiency by more
than (7% x Guaranteed efficiency).

C. Pumps with a driver power input less than 10 kW but greater than 1 kW.

Grade 2 Test: The Test efficiency shall not be below the Guaranteed efficiency by more
than (T% x Guaranteed efficiency)

where T = [17 — (Maximum driver power input in KW over the range of operation)]
[A tolerance is allowed on driver power input of (49+T%)%2 % ]
D. Pumps with a driver power input less than 1 kW.

Grade 2 Test: Another special agreement may be made between the parties.
1.2.2 Sector-specific directions for product-testin g

There are no sector-specific directions for product testing for the selected products.

1.3 Existing Legislation

1.3.1 Legislation and Agreements at European Commun ity Level
1.1.1.4. Health and Safety

ISO EN 809:1998 (Common safety requirements) is the most relevant document for general
mechanical construction.

The American Petroleum Institute (API) imposes standards for pumps used in the oil
industry. These are driven by safety requirements, which often result in reduced efficiency
through demanding for instance larger clearances. It is understood that these standards do
not impact on the design of water pumps for the European market.

The Pressure Equipment Directive: The view of Europump is that pumps and pump units are
not relevant to this directive.5 This needs to be independently verified by the study group.

1.1.1.5. Overview of the WEEE (Waste Electrical an d Electronic Equipment)
Directive 2002/96/EC

The WEEE Directive is one of a small number of European Directives that implement the
principle of "extended producer responsibility". Under this principle, producers are expected
to take responsibility for the environmental impact of their products, especially when they
become waste. The WEEE Directive applies this in relation to electrical and electronic
equipment (EEE).

® http:/Avww.europump.org/pdf/EP_PosPap_PED.PDF
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The broad aims of the WEEE Directive are to address the environmental impacts of electrical
and electronic equipment and to encourage its separate collection, and subsequent
treatment, reuse, recovery, recycling and environmentally sound disposal.

The WEEE Directive seeks to improve the environmental performance of all operators
involved in the lifecycle of EEE, especially those dealing with W of EEE. Accordingly it sets
certain requirements relating to the separate collection of W of EEE, standards for its
treatment at permitted facilities, and requires its recycling and recovery to target levels. It
makes producers responsible for financing the majority of these activities. Distributors have
responsibilities in terms of the provision of facilities to enable the free take-back of W of EEE
by consumers and also the provision of certain information to consumers of EEE.

Options for EUP measures might include those that contribute to the WEEE implementation
in contributing to waste prevention in reducing materials use, when possible, and in
introducing e.g. easier disassembly, which will make reuse and recycling of energy using
products easier

Criteria for identifying products covered under the WEEE legislation

The product must meet the following three criteria:
Main power source is electricity (including batteries)
Less than 1,000v AC or 1,500v DC
Electricity is needed for primary function

It must be one of the following categories of EEE / WEEE specified in Annex 1A of the
WEEE Directive

1) Large household appliances

2) Small household appliances

3) IT & telecommunications equipment
4) Consumer equipment

5) Lighting equipment

6) Electrical and electronic tools

7) Toys leisure and sports equipment
8) Medical devices

9) Monitoring and control instruments
10) Automatic dispensers

Even if a pump is sold without a motor, it will usually be powered by an electric motor. For
the pumps in the power range considered in this study, this will be less than 1,000v AC. The
pump would therefore pass the first three criteria.

The pump cannot though be considered to fall within any of the categories specified in Annex
IA of the Directive. We therefore consider that the pumps of the type considered in this study
are not covered by the WEEE Directive. This argument was proposed at the second
stakeholder meeting and there were no objections to this viewpoint.

In addition, the MEEUP modelling and analysis will show if any products do contain any of

the above substances, in which case a discussion to justify the continued use or phasing out
of these substances will be developed.
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1.1.1.6. RoHS (Restriction of Hazardous Substance D irective) 2002/95/EC

The Restriction of the Use of Certain Hazardous Substances in Electrical and Electronic
Equipment Regulations 2006 (“the RoHS Regulations”) implement the provisions of the
European Parliament and Council Directive on the Restrictions of the use of certain
Hazardous Substances in electrical and electronic equipment (“the RoHS Directive”), as
amended.

The RoHS Regulations ban the putting on the EU market of new Electrical and Electronic
Equipment (EEE) containing more than the permitted levels of the following:

lead

mercury;

cadmium;

hexavalent chromium;

polybrominated biphenyls (PBBs); or
polybrominated diphenyl ethers (PBDES).

In order to put products on the market in the EU, manufacturers need to ensure that their
products and product components comply with the requirements of the Regulations.

Given that the scope of the RoHS Directive is drawn from that of the WEEE Directive it is
assumed that certain provisions in the WEEE Directive may apply to EEE within the RoHS
Directive so as to limit its scope. There is, however, no express provision in the RoHS
Directive to this effect.

Pumps are excluded from the RoHS Directive on the same grounds that they are excluded
from the WEEE Directive.

1.1.1.7. Existing self-regulation

The most significant voluntary scheme to date is the Europump/SAVE circulator voluntary
labelling scheme. This is discussed in the parallel EuP Circulator report. It should be noted
that this scheme is only possible because the product is used in defined systems with
defined (or typical) duty patterns, and so it is not easily extendable to other classes of pump
operating in systems with greatly varying characteristics. As an example, circulators will
operate in a central heating system with fairly similar annual operating hours, and similar
static/friction heads. The variability ( eg different running hours according to climate or
control method) can be dealt with in a quantitive way by defining different sub-groups of
product application types. But general “water pumps” can have a duty that varies greatly
from low hours (eg fire pumps) to high hours (constant water supply pressurisation), and
from no head circulation systems to high head boost systems. It is therefore not possible to
identify different sub-sectors of the market in the same way, and hence impractical to simply
extend this methodology to other pumps in the same way.

Although not a regulatory measure, the Europump/SAVE pump efficiency selection guide®
gives procurement advice on the efficiency that can be expected for End Suction close
coupled and own bearing pumps. Of particular relevance to this study, it includes guidance

6 The guide “European Guide to Pump efficiency for Single Stage Centrifugal Pumps” is shown in Appendix 3, and is also available as a free
downloadable pdf document from www.europump.org, under “Europump Guides”.
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on close coupled and end suction own bearing sub-categories of pump, which represents 50
% of the total energy use of pumps in the EC’.

The purpose of the European Guide was to help purchasers choose pumps of good
efficiency. It shows six plots of pump efficiency against flow, for End Suction Close Coupled,
End Suction Own Bearings and Double entry Split Casing pumps, running at two and four
pole speeds. To produce the plots, hundreds of pump efficiencies were obtained from
maker's catalogues. From these, two lines were derived for each plot. The upper line
represents the mean of the catalogue best efficiencies and is ideally the efficiency a user
should aspire to for his pump main duty. However, since it is not always possible to source
the ideal pump, another line was added, five to ten points below the upper line, to cover
efficient pumps for which the required duty is away from the best efficiency point. Selection
below the lower line was considered unacceptable unless there were exceptional
circumstances.

It was felt that the concept of Specific Speed was too complicated to explain to the average
pump buyer, so it was eliminated by using its effect in a novel way. A relationship was
derived between pump Specific Speed and the efficiency drop from that at the optimum
Specific Speed. This single relationship was felt to adequately satisfy the limited range of
pump types being considered. It allowed correction curves for head to be applied to the plots
of efficiency against flow. Thus a pump user can now enter the curves for the pump type he
has chosen with his desired head, flow and speed and determine the efficiency levels against
which he can judge the adequacy of the pump efficiency he is being offered by a supplier.

The Guide also includes notes on minimising the loss of pump efficiency with time, other
costs involved in the total operating system, and shows a comparison between a curve taken
from the Guide and curves from four other sources.

Figure 22 Typical plot from the European Guide (En  d Suction Own Bearings Pumps)
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" Ref Europump data (as shown in appendix). This figure is still to be ratified, but shows the importance of these types.
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Worked example:

Chosen pump type: End suction with own bearings.
Chosen duty for maximum efficiency: 80 m*h at 110 m.
Quoted pump performance: 60% efficiency at 2900 rev/min.

(Check materials, suction performance, etc, are satisfactory)

From Fig x: ‘C’=14.
Plot on Fig x: ‘Pump Efficiency + C’ = 60 + 14 = 74%.
Fig x suggests that an additional 3 points of efficiency or more is possible.

1.3.2 Legislation at Member State Level

1.3.3Third Country Legislation

There are two overseas pump efficiency schemes. Given the importance of these Far East
markets for European and other manufacturers, these are of particular interest to the study.
If any EC schemes were able to be devised on the same or similar basis to these existing
international schemes, then it would make it easier for users to evaluate pumps from any
supplier on the same basis. An important aspect of this study will be to determine the “best”
method, with comparisons made with these existing schemes in section 8.

1.1.1.8. Korea
Official information on this scheme is not available, but the study group’s understanding is
summarised below.

The scheme is aimed at the voluntary certification of pump efficiency, with the objective of
encouraging the development of new efficient pumps. It is devised by the Korea Energy
Management Corporation (KEMCO).

The pumps targeted are centrifugal water supply pumps of the single stage and multistage
types with discharge branches from 25 to 200mm bore, running at 2 pole and 4 pole speeds.

The requirements of the scheme are:

The Flow at Best Efficiency must be within a ‘specified range’ for each discharge branch
bore (different flow ranges for single stage and multistage).

The Best Efficiency value must exceed a figure shown on a plot of efficiency against flow,
designated the ‘A’ efficiency.

The efficiency at all flows within the ‘specified range’ for a pump’s discharge bore must
exceed a figure shown on another plot of efficiency against flow, designated the ‘B’
efficiency (about 12 points of efficiency below the Best Efficiency value). This is intended
to encourage ‘broad’ high efficiency curves.

Perceived problems inherent in this scheme include:

There is, in effect, a tie-in between efficiency and discharge branch bore.

The same target efficiencies are given for single stage and multistage pumps.
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The all-important effect of Specific Speed (and therefore pump generated head) appears
to be ignored.

A pump whose Best Efficiency flow is near the bottom end of the ‘specified range’ for its
discharge branch bore has little hope of satisfying the ‘B’ efficiency at the top end of the
‘specified range’.

1.1.1.9. China
A National Standard of the People’s Republic of China came into effect in December 2005.

The pumps covered are for clear water and are of the types:
Single Stage (single and double suction)
Multistage
Multistage Well

Mandatory minimum values of best efficiency are specified for the first time. The efficiency
for each pump type is first derived from plots of best efficiency against flow and then
corrected for Specific Speed, using the same correction curve for all pump types. This
correction is very similar to that chosen for the EC SAVE study. This gives a ‘Minimum
Allowable’ efficiency level which is quite low, and which is intended to eliminate the worst
15% of pumps from the market.

There is also an ‘Evaluating’ efficiency. Pumps achieving this level are allowed to be classed
as ‘Energy Conservation pumps’.

A new Standard is currently being proposed which will exclude Multistage Well pumps. It
includes a ‘Target Minimum Allowable’ efficiency level, which is expected to come into effect
in 2010. This ‘Target’ is set at a level which would eliminate 90% of the 6000 pumps which
have been analysed.

The following table is a summary of the scope of each of the schemes;

Table 5 Scope of existing international schemes

Pump Type SAVE / Kemco China
Europump
ESOB X X X
ESCC X X X
Multistage
Water - X X
Multistage Well - - X
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