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ENER Lot 2g Pumps for public and private swimming pools, ponds, fountains and aquariums

Task 1: Definition

The scope of the study includes pumps for private and public swimming pools, ponds, fountains
and aquariums, as well as clean water pumps larger than those regulated under TREN Lot 11

Note that pumps for private and publigvastewater are covered by ENER Lot 28ece:
http://www.ecopumps.eu.

The main objective of thisvorking document is to set a solid foundation for the ENER L8t 2
preparatory study by defining the produatcopefor pumps for public and private swimming
pools, ponds, fountains and aquariumand to understand these products from a functional and
technical point of view. It alsetructures appropriate pump categorieswhile providing a first
screening on the basis of their sales volumes and improvemersryiizl.

B Section 1.1 provides a technical introduction to pumping, and some
basic concepts.

B Section 1.2 sets oyprimary and secondary functional parameters
andexisting product categorisations.

B Section 1.3 defines the scope of pumps to be consideredrfalyais
and includesa screening exerciseBrief product introductions are
also provided.

B Section 1.4 lists existing test standards at the EU, Member State
and third country levels.

B Section 1.5 lists existing legislation at the EU and third country
levels

B Section 1.6 discusses system boundaries of @iaying field5for
ecodesign. This is important for a realistic definition of design
options and improvement potential and it is also relevant in the
context of technically defending any implementing lelgison or
voluntary measures that may arise following the stuétythen goes
to discuss a proposed methodology for the analysis of water pumps.

B Section 1.7 lists the main conclusions of Task 1.

"ENER Lot 11 preparatory study on ecodesign of motors
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Task1: Definition

1.1 Technical introduction

1.1.1How Pumps Wbrk

Figure 1-1 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 awell 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 Héadbasic
principle of a Rotodynamic pump is illustrated by the stirring of a cufea 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 clp.a Rotodynamic pump, a continuous flow of
liquid passes through a rotatingnpeller, whichimparts energy, is collected (usually by a volute

or guide vanes) and discharged against an increased head.

A

Positive displacement

— Rotodynamic water
water movement

movement

Figure 1-1: Operating principles of positive displacement and rotodynamic water pumps

Water ispushed 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 thieti 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 welllesigned impeller, at best efficiency flow the water will pass smoothly over the
vane inlets with little distunance. 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 tangenitiatiibn.

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 leas¢éhe 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 I the inlet of the
next. Ideally these will be designed for minimum loss but, in small submersible pumps, getting
the maximum flow from a fixed borehole diameter may force a reduction in the diameter of the
guide vanes or alter their geometry so asdause a small loss in pump efficienéygure 1-2
illustrates the flow paths of the rotodynamic pumps and shows the cutaway of motor coupled
pumps.

| Work on Preparatoy studies for implementing measures of the Ecodesign b|0 ”‘
Directive2009/125/EC by Deloitte



ENER Lot 22 Pumps for public and private swimming pools, ponds, fountains and aquariums

IMPELLER

Figure 1-2: How rotodynamic pumps work: flow paths (left) and cutaway of motor coupled
pump (right) (SourceENER Lot 11 preparatory study on ecodesign of motoys

Rotodynamic types are generally cheaper and more siband 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 different types of water
applications conglered in this study.

The pumps in this study are all centrifugal types, and there are various ways that these could be
put into different categorieslf product categories are too broad, then they do not mean much to
the user, and any suggested design mpts 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 thentrifugal 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.

1.1.2The pump system

A pump will be described in a catalogue in terms of head, flow and, usually, power. In order to
include a power curve, a specific gravity of unity is used (i.e. a density of 1000 kg/m3), in other
words the catalogue shows the power absorbetien pumping clean cold water. The actual
mechanical power consumption is calculated as

Pmech= Q X H x density x g / pump efficiency.

Where,
Q = flow
H = head

g =gravitational constant

bio ! }" Work on Preparatory studies for implementing measures of the Ecode:
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Task1: Definition

This means that it is not possible to give standard curves of power consumption against duty for
all liquids, as generally the power consumption varies with fluid propegiathough for this
study because the project teamare only considering clean weat this is not a problem. In
addition, the same pump can be used with different motor speeds and impeller sizes, which adds
additional variation.

Because a pump will on average spend most of its life operating below its Best Efficiency Flow,
part flow opeation is also of interest. Furthermore, pumps can be designed to have different
trade-offs between full and part flow efficiency. It is therefore important that performance at
part flow is taken account of in the analysis.

There is ndStandardiflow distribution pattern for the types of pumps that are being considered
in this study, and so an assumed pattern has been used in the analysis of energy consumption.

The concept of head is very useful and fairly easy to understand in a system such as thatrshown i
Figure 1-3 below. The pump has to produce a head to overcome the static difference in water
levels plus the equivalent head of the friction losses in the pipewbhie advantage of using
head is that the pump will deliver the same flow in the system shown no matter what liquid is
being pumped (assuming its viscosity is low, clearly a centrifugal pump would not generate much
head if trying to pump treaclelConfusionarises when the significance of head is not understood.
Put simply, head is the effective work done on, or energy received by, the liquid per unit of mass,
divided by g (the gravitational constant). This can be shown dimensionally:

A column of liquid of hight (or head) H exerts a force F on its base of area A equal to its weight,
ie.

O a®i iMQ O 0 QQsi dw
Thus,

O . Q QQ

5 0o0:i aped & o J9rReal

Irrespective of the liquid pumped, a given pump at a givewfand speed does the same amount

of effective work on each unit mass of liquid (and therefore generates the same head). This
assumes that viscosity is low and that g varies very little on earth. (In space, a pump will generate
an infinite head.) Pressuind power will vary with liquid density.

RESERVOIR

\_ e FLOW

RIVER

Figure 1-3: lllustration of an open pumping system

In this figure, Pump head = (outlet headhlet head) = (static head + friction head)

Work on Preparatoy studies for implementing measures of the Ecodesign b|o )"
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ENER Lot 22 Pumps for public and private swimming pools, ponds, fountains and aquariums

1.1.3Basic pump laws

The fundamental similarity (scaling) laws applying to rotodynamic pumps are:
— — — 00— (Equation 1)

where: Y= Specific hydraulic work (i.e. work done per unit of mass), D= Impeller diameter, n
=Pump speed and H= Head

— — 00— (Equation 2)

where Q = flow

This shows, for example, that for two pumps which are exact scaled models, the power
consumption (proportional to Q x H) is proportional to the impeller diameter to the fifth power at
constant speed, or to speed cubed at constant diameter .

Resolving equation 1 and 2 results in

3 € 3;—1 (Equation 3)
With a Q.= 1m?3/s, Id,= 1m and Pump 2 at best efficiency point equation 3 leads to the specific
speed R(usuallyused in literature for gy)

i
Specific speed € £€0—F (Equation 4)

where n is speed in rotations per minute (rpm),,Qs flowrate in m3/s, and 4 is total head
across pump in m, all at best efficiency point. It is conventional to refersio onits of rpm,
although this is not strictly correct.

The specific speed is the most important similarity parameter in hydrodynamic pump
technology. It has entral focus throughout pump literature. It characterises the impeller shape,
is suited to compare different impeller types and consequently pump types on a common basis.

bio ”‘ Work on Preparatory studies for implementing measures of the Ecode:
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Figure 1-4: Duty points of pumps ofdifferent sizes but same specific speed

Figure1-4 illustrates four different pump cases of two different pump types in-@4Diagram.

The two pump types are charaaised by the specific speed. Though the pump sizes of for
example No.1 and No.3 are completely different (more than a magnitude difference in flow) their
geometrical ratio is similar and therefore they have also the same specific speed.

The same four caseme shown irFigure1-5in more detail. The impeller diameter of pumps with
the same specific speaddifferent andhencetheir flow rate at best efficiency poinThe pump is
designed for a system in which it has to be implemented (heating / cooling systems, open pump
systems etc.). All these different systems mean different requirements to the pump itself and
subsequently the hydraulic design. Hendbere is a rguirement within industry for a large
variety of pump sizes to service the European market. This allows pump manufacturers to
optimize pump efficiency for each design. For exampisually a bigger sized impeller with the
same specific speed has a bettdfigiency than the geometrically similar smaller version. To say
@e bigger the bettefis however not necessarily correct because of the large amount of energy
dissipated by operating points which may not match to the system. The choice of a pump for a
specific application is also dependent on the NRfigiire, noise, dirt etc.

®
®
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q q
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Figure 1-5: Principle impeller designs for typical pump sizes and specific speed
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ENER Lot 22 Pumps for public and private swimming pools, ponds, fountains and aquariums

As induction motors are only available in fixqukeds, trimming the impeller is a common way to
adjust the output of a pump to suit a particular application. The User therefore has an almost
infinite range of pump options, which makes analysis difficBtut because the pump will be
designed for best diciency at full impeller, it is most appropriate to only consider performance
at full impeller, as this is indicative of performance at all impeller diamet&ssthe Ecodesign
Directive is aimed at improving pump design, this was seen as being the nppsbmriate
impeller diameter to consider.

1.2 Product categori sation and performance
assessment

1.2.1Definition of Primary Functional Parameters

The primary functional parametersé&i @hat it doegj are:
®  Rated flow (Q, m3/hour)
® Head (H, m)
¥ The fluid properties

Efficiency is not a primary functional parameter, on the basis that it relates to how a product does
something, not what it doesBluid propertiegare 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 ofitype.
also helps to set the boundaries for comparison of different produEts. the pumps in this
study, this may be assessed by considerfing quantity of water pumpd at the specified head,
(m3/h, mp

1.2.2Secondary 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 be considered when considering possible
policy options. These include:

B Pump speed. The rotational speed of the shaft is the most
important pump-operating variablePumps tend to be purchased to
operate at the highest speed that the suction conditions (NP8ét
positive section headwill allow, since this usually results in the
lowest first cost. (Since most pumps are driven by fixed speed
induction motors, the speed options tend to be limited.) This can be
false economy for many reasons, e.g. a two pole motor (2900rpm)
can be cheaper than a foupole motor (1450rpm); more
maintenance will be required since the life of wearing parts (such as
impeller/casing wear rings, seals, bearings, couplings) will be

bio ”‘ Work on Preparatory studies for implementing measures of the Ecode:
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reduced. Of the highest importance is the fact that the fastest
pump may not be the most effient option for the same duty point
(Q/H), so that the initial price advantage can be lost in a short time
by increased energy costs

®  Bearing arrangements.Pump impellers must be positively located
both radially and axially. The radial bearings must resedial
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 ensurelwaate location of
axial seals. End Suction Own Bearings pumps use twofaation
bearings, usually grease lubricated. Vertical Multistage pumps use
the motor bearings for axidbcation; radial location being provided
partly by the motor and partly byvater 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 upthust when starting; radial location is
provided by water lubricated plain bearingsquarium pumps, pond
pumps and fountain pump that use the technology of integrated
motor with wet rotor normally do not require shaft bearings
because, through a system aiternal recirculation, the rotor shaft
is constantly lubricated and cooled by the same pumped water.

H 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 inletif different). Two important values of NPSH are
the NPSH required by the pump (NPSHR) and the NPSH available to
the pump (NPSHA). The NPSHR is usually that at which the pump
(or the first stage impeller if a multistage pump) loses 3% of its
generated hed due to cavitation. The NPSHA must exceed the
NPSHR by a safety margin. The NPSHR reduces between pump
best efficiency flow (BEQ) and about half flow, but increases rapidly
above BEQ.

H  Shaft power or mechanical power power transmitted to a pump
by theshatft. It is the product of speed and torque.

YO 1 Y
where,
5 EO OEA AT cOi AO OPAAA T &£ OEA OEAEOD
T is the torque transmitted

B Hydraulic power. energy per second carried in a fluid, such as water
or oil, in the form of pressure and quantity.

Work on Preparatoy studies for implementing measures of the Ecodesign b|o )"
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where,

Q is the flow rate

AP EO OEA AEAT CA ET DPOAOOOOA 1T &£ OEA

Electrical power. power input (in kW) of the pump.

Electricity and primary energy: energy consumed by the pump
The primary energyincludes the lossesdue to generation and
transport of electricity.

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 pant (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.

Part load behaviour. Throttled down to around half flow, a fixed
speed pump canbecome noisyj OAA  (GbeldwgE Guk dto
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 ofoss 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.

1.2.30ther relevant parameters

There are several other parameterensidered to be relevant, namely noise, expected lifetime of

the pump, and general construction.

bion/h

by Deloitte

®  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 ia 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 NPSHA, which causes noisy cavitation
in an impeller.

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 an
unacceptable drop in output. A large water pump operating under
ideal conditions should work for 20 years with minimum

Work on Preparatory studies for implementing measures of the Ecode:
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maintenance. The variations in the other pumps considered in this
study are too large to specify a single expected lifetime. (lifes

of various types of pumps in the scope of BRER LoR9 study will

be discussed in more details in Task 3).Unfortunately, most pumps
lose efficiency due to wear in their wear rings, due to operation at
part flow, and/or roughening of their cast movolutes by corrosion
products. It is not unusual to lose 10% of the new efficiency in ten
years.

B General construction.Ease of maintenance varies with pump type.
With End Suction Own Bearings pumps, the coupling spacer is
removed and the pump rotating eiment can then be withdrawn
without disturbing the motor or the pipework.

1.2.4Importance 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 pressuitee 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 required by the pump (NPSHR) is defined aboveperate
normally the pump will usually be arranged in the system such that the NPSH available at the
pump inlet (NPSHA) is greater than the NPSHR throughout the intended flow range.

If the NPSHA is close to or less than the NPSHR, the head produdbe Ippymp 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 perfoereac

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 pumps, if theenvd¢vel in the well is too low air can be
drawn into the pump through a vortex and again the performance will be adversely affected.

1.2.5Improving Efficiency of Pumps

1T A@GOOAAO &EOI I OEA O03!'6% 300AU 11 )i pOitdEI ¢ OE/
contains detailed information on the key factors in but design that affgéhe overall operating

efficiency.

In addition to thisA AAOAOEDPOEIT 1 &£ OEA O(1 OOENER 1BN1%AELAE AE AT

preparatory study is provided in Annex 2.
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ENER Lot 22 Pumps for public and private swimming pools, ponds, fountains and aquariums

1.2.6 PRODCOM categories

PRODCOM is the official source of EU statistics on EU industrial production, and so is the primary
reference used for classification of pumps. PRODC@t4 many subcategories considered
suitable for ENER Lot 29 pumps. They are presentekhiniel-1.

Table 1-1: PRODCOM categories

PRODCOM codd Prodcom category

2802 Manufacture of other pumps and@dompressors

28.13.14 Other centrifugal pumps for liquids; other pumps

28.13.14.13 Submersible motor, singlstage rotodynamic drainage and
sewage pumps

28.13.14.15 Submersible motor, mukstage rotodynamic pumps

28.13.14.30 Centrifugal pumps with discharge outlet diameter > 15 mm,
channel impeller pumps, side channel pumps, peripheral pumg
and regenerative pumps

28.13.14.51 Centrifugal pumps with a discharge outlet diameter > 15 mm,
singlestage with a single entry impeller, close coupled

28.1314.53 Centrifugal pumps with a discharge outlet diameter > 15 mm,
single stage with a single entry impeller, long coupled

28.13.14.55 Centrifugal pumps with a discharge outlet diameter > 15 mm,
singlestage with double entry impeller

28.13.14.60 Centrifugal pumps with a discharge outlet diameter > 15 mm,
multi-stage (including seffriming)

28.13.14.71 Rotodynamic singlstage mixed flow or axial pumps
28.13.14.75 Rotodynamic multstage mixed flow or axial pumps

Zel2E Manufacture of other generapurpose machinery n.e.c.

28.29.12 Filtering or purifying machinery and apparatus, for liquid

28.29.12.30 Machinery and apparatus for filtering or purifying water

1.2.7EN-, ISO- and other classifications used by standardisation
bodies

The only pertinent technical standard is the dimensional classification of pumps EN 733:1995
&ndsuction centrifugal pumps, rating with 10 bar with bearing bracket. Nominal duty point, main

biO i " Work on Preparatory studies for implementing measures of the Ecode:
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dimensions, designation systeérhilst the standard is wWieaccepted within the industry, it is
limited in scope to this style of pump only.

IEC standard 6033541 ®lousehold and similar electrical appliarc®articular requirements for
pumpsand IEC 60338-55 Blousehold and similar electrical applianc@articular requirements
for electrical appliances for use with aquariums and gardendpoad®th pertinent to aquariums
and garden pumps.

1.2.8 Labelling categories (EU Energy Label or Edoabel)

There are currently no ecolabetg EU or Member State levethat can be used as a basis for

pump categorisation. The voluntary circulator scheme (EC) No 641/2009 is a useful reference, in
particular in the way that it takes account of operation at reduced flow. However,flthe-

weighting scheme on which it is bades only feasible because the flow distribution is similar in

most systemsThis is not the case with many pumps considered in this study because they are

used for a very wide range of duties. HoweorE AOA AOA AAOOAET OEOOAOEITC
proAODAO ADPDPOI AAEGS [AAohnidalinotd d Bhe exBerEdAptndust approach is

located on the ENER Lot 29 websitetp://ot29.ecopumps.eu/documents

1.2.9 Proposed classification scheme for pumps

Given the lack of an existing classification scheme adequate for the study purposes, the following
categorisation method is adopted. There are other categorising schemes available from other
sources, but none of them has obvious merits over any others.

This setion will provide some preliminary definitions of some of the products that could be
included within the scope of the ENER Lot 29 study.

For each type of pump, the power ranges are agreed with stakeholdmnps may also have
additional features from beig customised for either mass market (small pumps) or designed for
individual applications (large pumps).

Pumps come in a variety of generic types as showrFsgerel-6.
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Pumps
I_I_I
Rotodynamic Positive Displacement
P m— )
Centrifugal Mixed Flow Axial Reciprocating Rotary
|_I_I
Single Stage Two Stage Multistage
F—
Double Entry Single Entry

Figure 1-6: Preliminary classification for pumps

1.3 Product screening

This section discusses how the purnsptegories to be studiedare derived from the above
classification and presents the rationale for the screening of pump categories. This step is taken
due to the large and inhomogeneous product groups. The approach taken is to assume that all
pumps are included, unless there aeund reasons why they should 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.

The key criteria the project team considers in the screening analysis include:

B Estimated total energy consumption and energy saving potertial
this is largely a pragmatic consideration, as it will be better to focus
on developing a robust case for the big energy saving targets than
to attempt to regulate everything conceivably incyue.

®  Other environmental aspectg where energy consumption is not a
key environmental aspect, other aspects such as material
consumption might be of importance and should be taken into
account to avoid loopholes.

= Different products available to fulfil #napplication dutyz i.e. could
regulations be technology neutral? Regulations under the
Ecodesign Directive can only be based on products available on the
market; they cannot take account of the application in which they
are used. Hencewvhere more than oe product type is available to
satisfy an application, great care must be taken to ensure a level
playing field between different competing technology options.

® Size of custom / specials marketthe existence of alternative
products that do not fit defirtions can easily lead to loopholes.

bio ”‘ Work on Preparatory studies for implementing measures of the Ecode:
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1.3.1Description of pumpcategories considered

Many of OEA DBOIi PO ET OEEO OOOAU ~EAIT ETOI OEA
specification of work, the following types of pump have been considered for inclusion:

2
>
(&)

®  Swimming pool pumps

®  Fountain pumps

®  Pond pumps

®  Aguarium pumps

B Aguarium blowers

= 3pA POI PO A O AT i AOGOEA o Aii il AOAEAI 0D,
¥  CounterCurrent Pumps

B Large clean water end suction pumps

H |Large clean water vertical multistage pumps

B Large clean water submersible ntigstage pumps

Aquarium blowers are air pumps. Some of them fall into the category of centrifugal pumps, but
many aquarium blowers work on a principle similar to a diaphragm pur@ker than the
submersible and vertical multistage pumps, all the other pungpe single stage and single entry
pumps An important point is that some types of pumps could theoretically be used in many
different application categories, but this rarely happens in practice for reasons of cost or detailed
design features. Pumps thatre originally designed for use with liquids other than water are not
within the scope of this study.

The following factors are to be considered in defining the exact specifications of pumps within
each category:

1. Standard types. The Directive is aimed abntmodity types of products, not those
designed especially for specialist or niche applications where there are only very low sales
or where custom / serrtustom designs are the norm.

2. When collecting data, manufacturers should not offer th@earestequivalentype of
pump from a different family that satisfies the required duty, as this would lead to
distortions in the results.

3. As pumps are characterised by hydraulic values rather than power (kW) ratings, it is not
possible to directly link them tthe ranges in the motor study. However, indicatively it is
unlikely that any pumps within the scope of the study will require an electrical motor in
excess of 1 MW to drive therhlowever it should be noted that most pumpselyond
160kWare non-standard emgineereditems, whichare not considered suitable faetting
ecodesign requirements

4. As with many products, sales of those at the extreme of sizes will be very low compared
to those in the@entre ground) and in many cases can be considered to be lowmel
products that are engineered rather than series produced commodity typesh datais
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not availableon the proportion of the market that is excluded from the study in this way,
and it will vary with the differenpumpsconsidered, but our best estimatis that it is less
than 5% of the total sales of each style, which types are low volume and often for
GpecialisBapplications.

In each case, care must be takencheck that these considerations will not inadvertently allow
excluded products from benefiting by being excluded from any policy options.

Table 1-2 shows the selded pump categoriegsizes that are to be considered to develop the
screening analysis. These were carefully selected to represent the manufacturing features that
apply to all pumps within each of the categories. To do this adequately, it was found negcéssar
select a range of sizes for certain types of model.

bio )" Work on Preparatory studies for implementing measures of the Ecoole:I 21
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Table 1-2: Pumpcategor

Categories
Swimming Pool pump (Domestic with built in
strainer up to 2.2W)

Swimming Pool pump (Domestic/commercia
with built in strainer over 2.2kW)
Fountain & pond pumg

Aquarium pumys

Spa pumps

Counter current pumps

End Suction pumps (SizeENER Loi1)
Submersiblebore-holepumpsj 1 6 h X ¢
XWo

Submersiblebore-hole pumpd

Vertical Multistage pump(Size >ENER Lai1)

Task1: Definition

iesand associated duties

Selected Duties (Q,H,speed)

Q 5220 m?¥/h
H8z11lm
Speed 2,900 rpm

200 m3¥/h
H12716 m
2900z 1450 rpm

Q 100z 15,000 I/h
HO0z8 m
Speed 300 rpm

Q 100z 5,0001/h
HO0z4 m
Speed 3000 rpm

P 0.753kW
Speed 1450 and 200rpm

Q 30,000 60,000 I/h
H 1614m
Speed 2,900rpm

Q 200- 2,000 m3/h
H 1690m
Speed 1,450rpm

Q 15500 m3/h
H 30500m
Speed 2,900rpm

Q 300 2,500 m3/h
H 25200m
Speed 1,450rpm

Q 100- 700 m3/h
H 20400m
Speed 1,450rpm and 2900rpm

Figure 1-7 showswhich pump categories out of the universe of all pumpkave beerselected for

screenng. These pumpdgor screeningarethen a

nalysel further in sectiorl.3.3

It should be noted that pumps above 1MW are rgtandard, engineered products, which are not
consicered possible to analyse further, therefore the upper limit for pumps in scope for this lot is
1 MW However, consideration will be given to potential measures for these pumps in Task 8.

bion/h
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Figure 1-7: Process to define pumpdor screening
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1.3.2Details of the key types of pumps considered in this study

u  A.LARGEWATERPUMPS

For consistency, thsame product classification and analysis as in the TREN Lot 11 study that

covers pumps up to 150kW-pble) is used for these pumps

® &ndsuctionwaterpurdp | AAT O A Cci1 AT AAA OET Ci A
rotodynamic water pump

a

@&nd suction own bearing water fEI@ESOB) is an end

suction water pump with own bearings and the suction side
in axial and the water pressure outlet in radial direction
(Figurel-9);

@&nd suction oke coupled water pup | %3##Qq EO Al
suction water pump of which the motor shaft is extended to

become also the pump shaft with the suction side in axial

and the water pressure outlet in radial direction;

&nd suction close coupled inline water gUERCCi) means a
water pump of which the suction side of the pump is in one
line with the water pressure outlet of the pump;

= @ertical multistage water purip V) Bieans a glanded multi
stage (i > 1) rotodynamic water pump in which the impellers are
assembéd on a vertically rotating shaft;

= Submersible multistage waterpunp j - 33q | AAT O A 1| Ol
1) rotodynamic water pump.

Such pumps have many uses, such as water supply or industrial cooling sy$tesremalysisvill
start at the upper size boundga of the proposed regulationd.e. 1 MW for water pumpsvhich
varies with boththe type of pump and the actual duty (s&égurel-8).

The TREN Lot 11 study upper boundaries were calculated on the basis that these were the

approximate limits of the mass produced pumps. Above these sizes, and for the ranges which
this new sudy covers, pumps are so large that they are increasingly tailore@rmineeredfor

each application. The efficiencies in these large sizes can already be high, and so there may be
litttle potential for increasing the efficiency. However, given the kargnnual energy
consumption, even a small saving can have a large impact, and so is of particular interest to
operators.

For submersible multistage pumps, the minimum power in ENER Lo29 study is considerably

less than 150kW, due to TREN Lot 11 PuApRET C

considered forthe ENER Lot29 OOOAU EO XTé puAps héydnd A Size are
engineered items, unsuitable for regulation.

End suction close coupled pumps are available in the power range considdteslENER LoR9
study, but they are relatively rare.

24|
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ENER Lot 22 Pumps for public and private swimming pools, ponds, fountains and aquariums

The uppemotor size limits forthe vertical multistage pumps, end suction own bear pumps and
submersible multistage pumpis 1 MW as this fits with ttENER LoB0 Motor study size range.

End Suction 1450 rpm

BT \

/ \

) — / \ —EEENE
N/ \

/
/ \
/ \

20,00

| 0-5mh e
10,00

0,00 T T T
1,00 10,00 100,00 1000,00 10000,00

Flow Rate Q [m3h]

Head H[m] .

Figure 1-8: Boundaries of TREN Lot 11 preparatory study pumps (4 poldhe ENER Lot29
study would include pumps to the right of the red maximum power line.

Large d¢ean water pump manufacturers will typically sell pumps with a variety of pranges of
different sizes in order to attempt to meet the various head and flow requirements of their
clientd A D DI Eoh daChEpurhp@rje further variation is possibleybimpeller trimming,
which is important to maintain best efficiency at duties below the optimum.

For each pump, it will have its best efficiency at the top middle of the range. The best achievable

efficiency will depend on size and specific speed. Spesffieed underpins studies of pump
efficiency, and it depends on shaft speed, number of stages, head and flow.

Figure 1-9: Example of an end suction own bearing pump

The other styles are physically similavith the exception of the Multistage submersible that is
designed for operation down deep boreholes ($égurel-10).
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Figure 1-10: Multistage submersible pump(courtesy of KSB)

For these styles of pumps, the motor is specified separately from the pump, and so the pump will
be analysed without the motor.

u B.SWIMMING POOL PUMPS

The swimming pool pumps referred to in this Lot are regarded as being the smaller packaged
type sold for residential use (sdégure 1-11), with commercial premises usingtandard water
pumps. Older style pumpsets comprising separate motor and pumps now comprise probably
<1% of stock, and so can be considered obsolete technolbbgse domestic swimming pool
pumps can also be used for Jacuzzis.

Conterflow pumps which areused to provide an injection of high pressure flow from outlets on

the side of a poohave too low an energy consumption to be considered in this s{adgFigure

1-12. 30! pOi PO A O AiiT AOGOEA 0o AT il AOAEAI OPABO
filtered/treated (not those installed into domestic baths which are emptied each time after use)

are also considered to have too low an annual energy consumption to be consif@rehis

study.

Public swimming poolsnay have larger pumps that are driven by a separate mo@ur initial
investigations show that these are effectively clean water pumps of the type already analysed
within TREN Lot 11.

Domestic swimming pool pumpsra typically made from plastic for reasonsaedficiency, and of
steel in commercial pool pumps for wear resistance and longeVihey are typically rated at
around 1kW, and come as packaged units that comprise an integrated motor + pump + controls.
Theyare limited to about 3kW, corresponding to the maximum power that can be drawn from a
domestic mains outletThe ENER LoR9 study will also include domestic swimming pool pumps
with built in strainer up to 3kW and large domestic /commercial swimming pooips with built

in strainer over 3 kWGiven that pool pumps are a packaged product, and that it should be
possible to define typical flowime profiles, the extended product approach will be readily
applicable. There is also much best practice informatmublished on the efficient use of pool
pumps, such as that published by swimming pool trade bodies and manufactures, wirild
good source of information to be included on or with pumps.
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Figure 1-11: Packaged swimming pool pump unit, showing (left to right) prefilter, pump and
motor

Figure 1-12. Example of a countefflow domestic swimming pool pump

u C.AQUARIUMPUMPS

An aquarium is a@ving environmend whose health depends on many elements; water
parameters involved are numerous (e.g. pH, content of Nitrite, of Nitrate, of Phosphate,
temperature, etc.) and they are interrelated and influenced by other factors such as species of
living organisms hostede.qg. fish, shellfish, invertebrates), ratio biomass/water volume, presence
of plants, etc..

The pump/filter plays a vital role in the aquarium ecosystem and must operate continuously
24/24. Any control of the rotation speed of the pump, from a ON/OFFRooptip to a variable
speed drive (VSD), can be harmful for the livestock because:

The water flow thru the biological filter needs to be continuous, to guarantee the perfect
functioning of the device (risk of inactivation of the filter) and to exclude tlsk of Ammonia
(NH3/NH4+) and Nitrite (NGRaccumulation. Nitrite ion is the most dangerous for the stock and
can cause its death.
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The water turnover could be neap and not able to assure the catabolites disposal. The catabolites
are the result of proteimetabolism of fish.

Fish excrete a lot of waste, mainly ammonia (NH3/NH4+), a toxic compound. Ammonia rapidly
accumulates, until enough colonies of bacteria are established in the filter. These bacteria
convert ammonia into nitrite (NO3J, that is even mar toxic than ammonia. Nitrite too
accumulates in water until it is converted by another type of bacteria, into nitrate, a low toxic
compound. This end state, with enough bacteria to convert ammonia and nitrite into nitrate,
allows the filter to maintain §h safe. If water flow through the filter is stopped, water cannot be
depurated and ammonia and nitrite start to accumulate again.

Ammonia and Nitrite concentration above 0,5 mg/L should be considered highly toxic to aquatic
fauna.

Most aquarium pumps areirculating pumps connected to a device that works as a filter. Inside
the filter water is forced to flow through different types of filtering materials, in such a way that
water is cleared from dirt and detoxified from fish wastélost Aquarium pumps usé¢he
technology of integrated motor with wet rotor. Since the 80's, the aquarium industry has seen a
progressive technological shift with the replacement of traditional asynchronous motors with
permanent magnet synchronous motors characterized, as knowthé literature, by a much
higher yield together with lower power consumption than asynchronous motors. Today,
aquarium pumps exclusively employ high efficiency permanent magnet motors.

In addition, over the last decade, the industry has magleat effortsto optimise the hydraulic
design with a view to improving the performance and get further reduction of energy
consumption. Today 1@ widely available on the market hydraulic solutions characterized by an
high yield such as oriented blades impellers, fléxiblades impellers, closed impellers; thanks to
the very low hydraulic power the above mentioned design solutions are able to guarantee the
correct direction of rotation without using electronics that controls the stap phase of the
pump. On models wh higher performance, although they represent a niche market (salt water
aguariums), they are also useslith electronic controls that ensure the correct direction of
rotation of the impeller.

The market is further complicated by some pumps that are coneddb additional devices, for
example a heating element, a U lamp or a particular filtering unit. At this stagg, is
suggesed that any MEPS that might be defined are based on the pump alone, but the test
standard will need to take account of the need to remove these other elements (when not
necessary to the functionality of the pump itself, for example some aquarium fiieréilown in
Figurel-13. While this is a shift from the puf@xtended product approadiihat aims to consider

as much of the system as possible, it is likely that tryingdefine GtandardBto fit within
regulations would be difficult and give little real benefit.
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Figure 1-13: Aquarium filters - As described above the circulating pump forces the water
through the filter body

Most Aquarium pumps use the technology of integrated motor with wet rotor: the older style
pumpset comprising separate motor and pumps can be considered obsdmly for aquaria
applications that need supplementary circulating current, a furthécuating pump is also
needed Figure 1-14. These are low power units typicall20/ although larger pumps are
available The inefficiencies in these pumps calmating of the water that in some cases may be
unwanted.

Figure 1-14: Circulating pumps
u D.FOUNTAIN& PONDPUMPS

A pond is a living ecosystem and pump intended for the filtration has a vital role must operate

AT 1 OET O1 6061 U OEOT OGCEI 6O OEA DPAOET A 1T &£ OOA8 110
inside the pond; moreover they guarantee oxygenation of wateoiding the risk of ipoxia in the

pond.Pond pumps and fountain pumps are basically built in the same way and differ only for the

point of work on the flow/head characteristic curve. Fountain pumps need to work at high head

andlow flow, while pond pumpse®ed to work at low head and high flow.

Pond pumps drive water through a filter whereas fountain puraps designed for higher heads
for decorative features such as fountains or waterfalls (Sgerel-15. Fountain pumpswill have
an internal and possibly satellite inlet filter for protecting the pump.
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In pond pumps dirty water will be sourced from a ground filtration unit and often also from a
protein skimmer that emoves residue from the surface (sEgyurel-16). Most of these types of
pump use the technology of integrated motor with wet rotor: the older style pumpsshprising
separate motor and pumps can be considered obsolete.

Power ratings vary enormously from <5W to >1kWith an average power around 40.Whey
typically filter up to 25 m3 per houfhey are usually manufactured with a permanent magnet
motor.

Theupper boundary will need debate in order to ensure no conflict with standalone motors and
pumps considered in TREN Lot 11.
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Figure 1-15: Typical fountain pump with satellite inlet filter and with internal inlet filter
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Figure1-16: Typical pond pump and externafiltration unit (left) and Surface z protein z
skimmer and dry pond pump (right) from Oase

1.3.3Evaluation of importance of pump types

Table 1-3 showsan estimation ofthe annual energy consumption and energy savings potential
for the EU stock in 2011of the pumps considered for thecreening analysisTo calculate the
annual energy consumptiorof the pumps, the average hydraulic power is multiplied by the
annual operating hours anithen addedthe power absorbedy themotor (assume as20%)

Any pump type with significant environmeat impactand improvement potentiashould be kept
within the scope With that reasonthe share oftotal environmental impactgof the EU stoclof
pumps considered in the studyper pump type have been estimated by means of a simplified
Life Cycle Assessnent (using the EcoReport toothat includesa simplifiedbill of materials, the
energy consumption, the product life span and the market dathe aim of thisexercise is tao

a first analysis of thenvironmental impacts and improvement potential ptimps covered by
the definition of theENER LoR9 preparatory study The results are presented Table1-4.
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Table 1-3: Energy consumption and energy savings potential for the EU stock of pumps considered for the screening analy@surce: Europump)

Pump type (and sub

categories)

Domestic with built in

EU
Installed
stock 2011

Units

EU Annual
sales

Units

Hydraulic
pump
power

Annual
operating
hours

Hours

Annual
energy

Potential

consumptio| Improveme| savings at

nat EU
level*
2011

GWh

nt potential

%

EU level
2011

Share of
energy
consumptio
n

%

Product
level
energy
savings
from EPA

%

Existing
market
penetration
of EPA

Potential
energy
savings to
overall Potential
market from EPA
from EPA | Regulation
Regulation
%

Actual
savings

i i 0, 0, 0, 0, 0,
§\c/)v(;r|nn:j|:1gs strainer up 0 2.2 Ky +800.000 480,000 0.8 1,500 6,912 2.0% 138.2 14.7% 10.0% 0.0% 10.0% 691.20
(inte g‘? at eg Domestic/commercial
motorepump) With builtin strainer over 115,000 11,500 5 3,375 2,329 2.0% 46.6 5.0% 10.0% 0.0% 10.0% 232.88
2.2 KW
F°”;L"’r‘1'1”p:':g f‘l’('\‘/i 1,845,000 205,000 0.02 6,000 266 2.0% il 1.4% 0.0% 0.0% 0.0% 0.00
Aquarium pumps
Fountain, S}%";ﬁj;dir:rak” 8,050,000 1,150,000 0.005 8,720 421 2.0% 211 2.2% 0.0% 0.0% 0.0% 0.00
pond, )
aquarium, spa - corpmermal) tohlzg\tl\
and counter ~ ~quarium power f;ow‘ 350,000 50,000 0.005 8,720 18 2.0% 0.9 0.1% 0.0% 0.0% 0.0% 0.00
current pumps s ford '
pa g“m%s.l. °ir i°“£e§t2 42,000 4,200 11 350 19 2.0% 0.6 0.1% 0.0%  100.0% 0.0% 0.00
CounterCurrent Pumps 1,000,000 100,000 g 20 72 2.0% 1.4 0.2% 0.0% 0.0% 0.0% 0.00
ESCloseCoupled from o o o o o
Erd suction . 1,000 100 150 3,600 648 1.0% 6.5 0.7% 25.0% 50.0% 12.5% 81.00
(ES) water ES CloseCoupled Inlir ? ® ® ® ®
e (orer B 1,000 100 150 3,600 648 1.0% 6.5 0.7% 25.0% 50.0% 12.5% 81.00
150kwP2) =2 Oﬁ%i‘\*’;"’t‘gglfm 5,500 550 325 3,000 6,435 1.0% 64.4 6.9% 25.0%  50.0% 125%  804.38
e < '?0 |A<; :auﬁ '?s‘ 73,000 7,300 88 2,565 7,415 2.0% 1483 15.8% 15.0% 15.0% 12.8% 945.40
Submersible X ®° 3h§|’eApL rfpg 31,670 3,167 65 2,725 6,731 2.0% 134.6 14.3% 15.0% 15.0% 12.8% 858.26
bore-hole XWé 30AI AL
pumps hole pumps 15,160 1,516 121 3,114 6,855 2.0% 137.1 14.6% 15.0% 15.0% 12.8% 873.97
%’%"}er;'%e bi‘”?‘geq 4,500 450 288 3,352 5,213 1.3% 69.3 7.4% 15.0% 15.0% 12.8%  664.66
Wil mus e 2,900 68 2,700 6,389 2.0% 127.8 13.6% 25.0% 50.0% 125%  798.66

stage pumps pump (25 to 40 ba
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Annual Potential
. energy Potential Share of FIEEITES Existing energy Act_u a8
EU Hydraulic Annual . . level savingsto | savings
Pump type (and sub EU Annual . consumptio| Improveme| savings at energy market :
/ Installed pump operating . . energy : overall Potential
categories) sales natEU | ntpotential| EU level | consumptio . penetration
stock 2011 power hours savings market from EPA
level* 2011 n of EPA .
from EPA from EPA | Regulation
2011 .
Regulation
and/or 100 to 180 m3/hi
Vertical multistage
pump (>40 bar and/o 2,875 275 125 3,450 1,488 1.5% 22.3 2.4% 25.0% 50.0% 12.5% 185.98
>180 m3/hr)
Totals 16,365,705 2,017,058 51,859 939 6,217

* Calculated as: ((Hydraulimimp power *Annual gerating hourg +20%9 * EU Installedstock

bion/k
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Table 1-4: Contribution (in %) of each of the pumps covered in the screening analysis to the overall environmental impaat£U level

o T < o
a a o o O

Total Energy (GER)

of which, electricity (in primary PJ)
Water (process)

Water (cooling)

Waste, norhaz./ landfill

Waste, hazardous/ incinerated
Greenhouse Gases in GWP100
Acidification, emissions

Volatile Organic Compounds (VOC)
Persistent Organic Pollutants (POP)
Heavy Metals

PAHs

Particulate Matter (PM, dust)
Heavy Metals

Eutrophication

(%]
o
o
0

22,2%
22,2%
22,2%
22,2%
22,6%
22, 7%
22,2%
22,2%
22,4%
23,6%
22,4%
23,3%
23,8%
22,5%

23,1%

* NOTE:Acronyms are presentedn the next page
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SPPL

3,9%
3,9%
3,9%
3,9%
3,8%
3,8%
3,9%
3,9%
3,8%
3,8%
3,8%
3,8%
3,6%
3,8%

3,8%

0,3%
0,3%
0,3%
0,3%
0,4%
0,4%
0,3%
0,3%
0,4%
0,5%
0,4%
0,5%
0,8%
0,4%

0,5%

0,5%
0,5%
0,5%
0,5%
0,6%
0,8%
0,5%
0,5%
0,6%
0,7%
0,6%
0,7%
1,4%
0,6%

0,8%

0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%

0,0%

0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,0%
0,1%
0,0%
0,1%
0,1%
0,0%

0,1%

0,1%
0,1%
0,1%
0,1%
0,4%
0,3%
0,1%
0,1%
0,3%
1,1%
0,3%
0,6%
1,3%
0,3%

1,0%

ESCC

1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%

1,3%

ESCCI

1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%
1,3%

1,3%

ESOB

13,3%
13,3%
13,3%
13,3%
13,1%
13,1%
13,3%
13,3%
13,2%
12,7%
13,2%
12,9%
12,3%
13,2%

12,8%

SBHPO08

11,5%
11,5%
11,5%
11,5%
11,3%
11,3%
11,5%
11,5%
11,4%
10,9%
11,4%
11,2%
10,5%
11,4%

10,9%

SBHP10

10,4%
10,4%
10,4%
10,4%
10,4%
10,3%
10,4%
10,4%
10,4%
10,3%
10,4%
10,2%
10,6%
10,4%

10,5%

SBHP12

10,6%
10,6%
10,6%
10,6%
10,5%
10,5%
10,6%
10,6%
10,6%
10,3%
10,6%
10,4%
10,2%
10,6%

10,4%

SBHP12+

8,1%
8,1%
8,1%
8,1%
8,0%
8,0%
8,1%
8,1%
8,0%
7,7%
8,0%
7,9%
7,5%
8,0%

7,8%

n

VMSP

13,2%
13,2%
13,2%
13,2%
13,1%
13,0%
13,2%
13,2%
13,1%
12,7%
13,1%
12,9%
12,4%
13,1%

12,8%

VMSPL

3,1%
3,1%
3,1%
3,1%
3,0%
3,0%
3,1%
3,1%
3,1%
3,0%
3,1%
3,0%
3,0%
3,1%

3,0%

Total

100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%
100%

100%
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List of acronyms:

SPPS Domestic with built in strainer up to 2.2 kW

SPPL Domestic/commercial with built in strainer over 2.2 kW

FPP Fountain and pond pumps tokW

AP Aquarium pumps (domestic/small aguarislmon-commercial) to 120 W

APH Aquarium power head to 120W

SPA 3DbA POI PO A1 O ATi AOGOEA O Al i1 AOAEAT ODPAB(
CCP CounterCurrent Pumps

ESCC End Suction Close Coupled frats0 kW to 1 MW

ESCCI End Suction Close Coupled Inline frds0 kW to 1 MW

ESOB End Suction Own Bearing frodb0 kW to 1 MW

SBHP08 n6 30AI AGHOIEEpumgs AT OA

SBHP10 Xdd 30A1 AbQdefpdnipdA AT OA

SBHP12 XWo 30AI A@depdnipd AT OA

SBHP12+  Submersible borenoleD O DO 1 AOCAO OEAT XWo
VMSPS Vertical multistage pump (25 to 40 bar and/or 100 to 180 m3/hr)
VMSPL Vertical multistage pump (>40 bar and/or >180 m3/hr)

As seen inTable 1-3 and Table 1-4, there are big differences in energy consumption and
environmental impacts of the pumgs the scope. Howevethe definition of theproductgroups

to be included in the preparatory studgclearand includes all these types of pumgdherefore

all pump typesin the definition of the preparatory studwill be consideredor analysis inthe
following Tasks

Swimming Pool pumps (integrated motor+pump)
Domestic with built in strainer up to 2.2 kW
Domestic/commercial with built in strainer over 2.2 kW
Fountain and pond pumps to 1 kW

Aquarium pumps (domestic/small aguariumnon-commercial) to
120 W

Aquarium power head to 120W

3PDA POI PO A O Al i AGOEA o Al ii AOAEAI O
CounterCurrent Pumps

End Suction Close Coupled from 150 kW to 1 MW

End SuctiorCloseCoupled Inline from 150 kW to 1 MW

“The upper limit of 120W was chosen as the vast majority of aquarium pumps are below this figure and the motors are
not covered by other regulations

b| (0] t" Work on Preparatorgtudies for implementing measures of the Ecodesi
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®  End Suction Own Bearing from 150 kW to 1 MW

" 56 30AT AOOEmgs AT OA

" Xpd 30AI1 Aodepdnipd AT OA

" XWwo 3 0AI AbdepdnipA Al OA

® SubmersibleboreET T A BDOI PO 1 AOCAO OEAT XWo
®  Vertical multistage pump (> 40 bar and > 180 m3/hr)

" Vertical multistage pump (25 to 40 bar and/or 100 to 180 m3/hr

1.4 Test Standards

This sectiompresentsthe relevant test standards and procedures identified to date.

In technical use, a standard is a concrete example of an item or a specification against which all
others may be measured or tested.

The focus is on theenvironmental performance and related technical aspects, e.g. energy
consumption in relation to functional performance of the product. The issue of particular interest
is standardisation methodology and related parameters, e.g. allocation of environmérads to
different life cycle stages, usage scenarios, and data requirements.

The definition of product performance is restrictive in that it would not permit changes in
physical design of the product, which is in contravention of Article5( of the Ecodesign
Directive: @ principle, the setting of an ecodesign requirement shall not have the consequence of
imposing proprietary technology on manufactuégscen the large number of pump types in
existence, this single standard (which corresponds ¢me of the @entrifugalz Single entry

volute conventionabpumps inFigure 1-6), is inadequate as a means of classifying pump types,

and it would certainly be inappropriate to use EN 733:1995 as the basis for any efficiency
standards.

1.4.1 Clean water classification

Clean weer is defined inRegulation 5472012 Some EU Directives, such as the Abstraction of
Surface Water for Drinking water (74/440/EC) clearly elaborate water quality standards while
others like the Nitrate Directive (91/676/EEC) do not. Standards exist fiokidg water quality,
bathing waters excluding swimming pools and spas, and fishery waters but do not exist for
groundwater and clean water in the scope study. There are different levels of pool water quality
(pH, CI content, etc) in different Member Staten the EU. There is some standardisation work
ongoing on the homogenisation of swimming pool definitions, sizes, pumps, etc, However, this
work is not available at the time of writing.

Work on Preparatory studies for implementing measures of the Ecodesign b|o )"
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ENER Lot 22 Pumps forpublic and private swimming pools, ponds, fountains and aquariums

1.4.2 Verification of efficiency values

It is important that the actual diciencies of products placed on the market comply with any
claimed energy performance class. Manufacturers currently use a statistical approach such that

all of their pumps (except for a small statistical proportion) will exceed the declared efficiency
value after allowing for the permitted test tolerance. They will test typically to ISO 9906:1999
Grade 2, which allows for-&% tolerance on quoted efficiency. (Acceptance) testing is generally
ATTA AO OEA | AT OEZAAOOOAOGS O sded by a @Aré3éntatis’oh thd E OU h
purchaser. For larger pumps, a user may request a test of the actual pump to Grade 1, but this
costs additional money, and so will not be done unless specifically requestatfication of

efficiency levels are clearly da@d in Commission communication (2012/C 402/07) ECO design

requirements for watepumps

Although ISO 9906 does also publish the measurement uncertainties for different measurement
techniques, manufacturers will not normally make any specific allowancénguacceptance
testing for the uncertainties inherent in their test methods, since these uncertainties will usually
be less than the permitted tolerance.

Manufacturers will take a statistical risk in how they position the declared and mean production
values of efficiency. Those who control production to give a tighter spread may choose either to
produce pumps with a lower mean efficiency and reap any cost savings, or quote a higher
efficiency.

It is often the case thathe manufacturer willonly test a small percentage of each pump size
included in this repotteither for customers or for quality control purposes.

If an independent testing body is asked to measure the performance of a pump, it is in their
interests to use a test method with a sthancertainty. This will not only give a more accurate
indication of the true efficiency, but will also minimise the efficief@jowanceto take account

of measurement uncertainties that needs to be given to the pump being testedRgpeel-17).
Nonetheless, too much allowance given by independent testing body can lead to false efficacy
claims, whickcould be used as loopholes by manufacturers.

b| (0] r" Work on Preparatorgtudies for implementing measures of the Ecodesi
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"Safety Distance" between the l\

mean and the declared value
to take account of production
spread and factory
measurment uncertainty

Declared value
of efficiency

Allowance to be given by
independent test house for
measurement uncertainty

N ) Mean
efficiency
of all tests
on pumps

Efficiency

Figure 1-17: Testing andverification of pumps (only relevant to testing of products by an
external test house)

1.4.3 Standards at European Union level

There are no energy relatestandards which the consortium isaware of for any of thepump
categorieswithin ENER Lot 29However, there are many technical standards governing the
construction and design of these pumps, as presentetiaiblel-5.

The CEN TC19®umpstechnical committee has been created in 1990 to prepare and publish
European standards, establishing the technical safety requirements for liquid pumps and pump
units, in conformity with the Machinery Directive 89/392/CE.

Table 1-5: Non-energy related EUstandards relevant for pumps within study scope

End-suction centrifugal pumps, rating with 10 bar with bearing bracket

EN 733:1995 . . . . . .
Nominal duty point, main dimensions, designation system
Flanges and their jointsCircular flanges for pipes, valves, fittings ai
EN10922 . . .
accessories, PN designate@ast iron flanges
EN 12483 Liquid pumps. Pump units with frequency invertersGuarantee and
compatibility tests.
Liquid pumps.Generalterms for pumps and installationDefinitions,
EN 12723 " .
guantities, letter symbols and units.
Work on Preparatory studies for implementing measures of the Ecodesign b| Of "‘
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Non-electrical equipment for potentially explosive atmospherd3asic

EN 13463l method and requirements.
EN 60034 Rotating electrical machines
EN 60335-41 Household and similar electrical appliances Safety z Part 241:

Particular requirements for pumps

Household and similar electrical applianceSafety- Part 255: Particular
EN 60332-55 requirements for electrical appliances for use with aquariiand garden
ponds

1.4.4 Standards at Member State level

Water qualitystandardsand filtration practiceschange fromMember State to Member State.
This seriously affects the functionality of the punifhere are very different levels of pool water
quality (pH, Ckontent, etc) in different Member States, arstandardisation work is currently
being done in that senseSome aspects of the whole pool water treatment (water quality,
installation, equipment) will affect the choice of the pump size. Hence, regulatingrggn
efficiency in swimming pool pumps withoebnsidering this issueould have negative effects on
pool water quality.

In the UK there is the Publically Available Standard (PASMa®agement of public swimming
pools. Water treatment systems, wateratiraent plant and heating and ventilation syste@sde
of practicé

In France there is Circulaire DGS/EA4 268®a Direction Générale de la Santé & publié en février

une circulaire relative aux dispositions réglementaires applicables aux piscines auvaublic, a

1 800EI EOAOEIT AAO POT AGEOO AO DPOT Ai Ai © AA OOAE
oeuvre des lampes a rayonnement ultraviolet (UV) pour la déchloramination dies eaux.

In Germany there is the DIN 19.848reatment anddisinfection of swimming pool and bathing tub

waterdstandard.

1.4.5International Standards

Table1-6 presents theinternationalstandards relevant foENER Lo29 pumps.

Table 1-6: International standards relevant for pumps within study scope

Mechanical vibrationBalance quality requirements for rotors in a

S0yt ai constant (rigid) stateSpecification and verification of balance tolerance

Rotodynamic pumpsHydraulic performance acceptance testrades 1

EN ISO 9906 and2.

Clean water pumps test typically to ISO 9906:1999 Grade 2, which allows f#&olerance on
quoted efficiency.This is also the standard used for testing WWT pumps, although it is obviously
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not an appropriate indicator of how a pump will wear wheuabject to real life operating
conditions

Voluntary standards do exist for swimming poolsthe US For instancethe ANSI/APSFHL1
2009 which is antandard for water quality in public pools and sphat was adopted in 2009 by
the American National Standards Institute (ANSI).

1.4.6 Conclusiors on test standards

U  A.LARGEWATERPUMPS

For large water pumpghe project teamwill adopt the same ISO 9906 test standard as used in
the TREN Lot 11 study. This definesshpump performance and hence efficiency is measured. In
addition, the project teamwill use the MEPS calculation methodology as described in the TREN
ENER Lotll Regulation (currently at working draft stagéjowever, it should be noted that
these TREN Ltd1 Ecodesign Rgulations are based on full diameter impellers, and will not
directly influence the optimum selection of impeller diameter.

u B.SWIMMING POOL PUMPS

From initial investigation, it appears that there is insufficient consistency in test stalsdeary
between EU Member States, which is a major problem that needs to be resolved. There are no
performance tess standards that apply specifically to swimming pool pumps, andh&oproject

team suggessthe use of ISO 9906. The energy performance noetblogy for End Suction Close
Coupled pumps in the draft Ecodesign Pump Regulation could be applied, although the actual
MEPS(Minimum Energy Performance Standart®vels will obviously be different because the
TREN Lot 11 pumps do not include the motofilber.

Some pumpsets use an alternative motor, such as one fed by an invertethdyiroject team
will look to theENER LoB0 study for performance data on these products.

Further, pool pump safety is a critical issue, and so there are many relstaardards, especially
relating to the design of the suction inlet

Suction Entrapment poses severe risks from:
H  Hair entrapment if the flow rating of the cover is too small for the
pump or pumps.

® Limb entrapment where a limb is sucked into an opening, for
instance if the cover flow rating is insufficient for the pump, or the
drain cover missing or broken.

H  Body entrapment where the body is sucked against the drain cover.

H Disembowelment where a person sits on or against the sucfidrs
may occur when a draicover is missing, loose, cracked, or not
properly secured.

Work on Preparatory studies for implementing measures of the Ecodesign b|o }"
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B Mechanical entrapment when a finger, toe or item of jewellery is
caught in the suctionThis hazard is present when the drain cover is
missing, broken, loose, cracked, or not properly serviced.

EN 134513: Bwimming pool equipment Part 3: Additional specific safety requirements and test
methods for inlets and outlets and water/air based water leisure féapnmsdes guidance on
these measures.

The US Virginia Graeme Baker pool and Spa Safetyimposes specific requirements on owners
and operators of swimming pools

ASME/ANSI A112.19.17 describes safety equipment that might include Safety vacuum Release,
suction limiting, automatic shubff Systems for use on residential and commercial swimgn
pools, Spas, Hot Tubs and Paddling pools.

ANSI/ASME A112.19.8 specifies agnitrapment covers. Pools and spas should have a minimum
of two drains to reduce maximum suction. ANSI/AAFRgives detailed information on suction
design.

The pool installatios shall comply the applicable existing standard HD 603602

Table 1-7 presents some relevant standards on performance and safety for swimming pools and
their components.

Table 1-7: Preliminary list of available sandards applying to swimming pool pumps

A112.19.82007 Suction Fittings for use in Swimming Pools, Wading Pools, Spas,
Tubs, and Whirlpool Bathtub Appliances

ASTM F1346 Standard Performance Specification for Safety Covers drabelling
Requirements for All Covers for Swimming Pools, Spas and Hot Tubs

AS5102% 2009 Performance of Household Electrical Applianc&wimming Pool Pumps
Units.

Partl: Energy consumption and performance
Part2: Energy Labelling and minimum energy performans&andard
requirements

CSA C222 No 682 Motor-Operated Appliances (Household and Commercial)
CSA C222 No 1681 Liquid Pumps

NSF/ANSI 50 Circulation System Components and Related Materials for Swimn
Pools, Spas/Hot Tubs

UL 778 Motor-Operated WatelPumps

UL 1081 Swimming Pool Pumps, Filters, and Chlorinators

UL 1241 Junction Boxes for Swimming Pool Luminaires

UL Subject 379 Outline of Investigation for Transformers for Fountain, Swimming Pc

and Spa Luminaires

3WWW.CQSC.gOV
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UL Subject 676A Outline of Investjation for Potting Compounds for Swimming Poc
Fountain, and Spa Equipment

UL 2452 Outline of Investigation for Electric Swimming Pool and Spa Cc
Operators
EN 13451 part 1: Pool with public use / swimming pool equipment: general safety

requirements and test methods

EN 1345Bpart 3: Pool with public use / additional specific safety requirements and
methods for pool fittings for water treatment purposes

HD 60 3647-702 Low-voltage electrical installations - Requirements for specia
installations or locationgSwimming pools and fountains

u C.AQUARIUM PUMPS

Foragquarium pumgs, there is no specific standard.o this pump type, the following standards
will also apply:

® EN 6033%-41: Household and similar electrical appliangeSafety
Z Part 241: Particular requirements for pumps

B EN 603352-55: Household and similar electrical appliane&afety
- Part 255: Particular requirements for electrical appices for use
with aquariums andjarden ponds

B UL 1018: Standard for Safety for Biec Aquarium Equipment.
u D.FOUNTAIN & POND PUMPS

For the fountain pumpghere is no specific standard@o this pump type, the followingstandards
will also apply:

E EN 60332-41: Household and similar electrical appliange3afety
Z Part 241:Particular requirements for pumps

B EN 603352-55: Household and similar electrical appliane&afety
- Part 255: Particular requirements for electrical appliances for use
with aquariums and garden ponds

= UL 788:Motor operated Water Pumps

B CSA C22.2 No. 841 Liquid PumpsFountain pumps will have
integral filters to protect the hydraulics, and so a protocol on how or
if these are included in the test methodology will need to be
established.

Work on Preparatory studies for implementing measures of the Ecodesign b| Of "‘
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1.5 Existing Legislation

1.5.1Legislation and Agreements at European Union ével

1.5.1.1 Health and Safety

ISO EN 809:1998Pumps and pump units for liquids. Common safety requireméestablishes
safety requirementdor the construction, assembly, erection, operation and serviaifig

®  Rotodynamic pumps

H Rotary positive displacement pung
B  Reciprocating displacement pumps
®  Pump units

The Pressure Equipment Directive (PED) 1997/23/EC applies to the design, manufacture and
conformity assessment of pressure equipment and assemblies with a maximum allowable
pressure PS greater than 0.5 bailthe pumps in the scope of this study are exempt from the PED
as they are covered under the machinery directive (EN809).

1.5.1.2 Overview of the WEEE (Waste Electrical and Electronic
Equipment) Directive 202/19/EU

The WEEE Directive implemesithe principle of@xtended producer responsibiliyProducers

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).

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 iective seeks to improve the environmental performance of all operators involved in
the lifecycle of EEE, especially those dealing withste of EEE. Accordinglyit sets certain
requirements relating to the separate collection whste of EEE, standardfor 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 facilitieotenable the free takdack ofwasteof EEE by consumers and
also the provision of certain information to consumers of EEE.

The product must meet the following three criteria be affected by the WEEE Directive
®  Main power source is electricity (includibgtteries)
¥ Less than 1,000v AC or 1,500v DC

H  Electricity is needed for primary function
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It must be one of the categories of EEE / WEEE specified in Annex Al of the WEEE birective

Even if a pump is sold without a motor, it will usually be powered byestrad motor. The power
range of the pumps considered in this study is very broad, from sagalhriumpumps to large
water pumps.Aquariumand pondpumpsare household appliances thateet the three criteria

for WEEE directive, although they are not egjily mentioned in the regulation.lt is
recommended that future revisions of the WEEE Directive Annex Al include aguarium and pond
pumps.

Swimming pool pumps, countercurrent pumps and spa pumpsuld be considerechousehold
appliances, if they are meartb be usedin domesticinstallations However, these products
usually require installation and therefoi@e not likely to be part of the Municipal Solid Waste
(MSW) stream but recovered and disposed by professional installétewever, there is a
growing market for smaller domestic above ground pools, and these pumps for these
installations will most likely be handled by householders. Therefore it is recommended that these
are also included in future revisions of the WEEE DivecAnnex Al.

The rest oflarger pumps (borehole, vertical submersible and end suction pumgn® not
household applinces and therefore it is clear thiite WEEE Directive does not affect them

1511 RoOHS 2 (Restriction of Hazardous Substance Directib@gctive
2011/65/EU

The RoHS Directive was firstly implement in 2006, restricting the use of certain Hazardous
Substances in electrical and electronic equipment. It bans the putting on the EU market of new
Electrical and Electronic Equipment (EEE) containing entbran the permitted levels of certain
materials.

The RoHS Directive covers the same products as the WEEE Directive. The -systashs and
printed circuitboards of aquarium and pond pumpsovered by this Directive need to be
accounted for in the ENERot 29 preparatory studyOther pumps tend to be controlled and
driven by external units, which are considered under separate lots.

1.5.2Third Country Legislation

There is no legislation that the consortium is aware of, that imposes significant additional
technical constraints on the design or construction of pumps in ENER Lot 29 beyond the factors
already mentioned.

The American Petroleum Institute (API) imposes standards for pumps used in the oil industry.
These are driven by safety requirements, which oftersute in reduced efficiency through

4 1.Large household appliances; 2.Small household appks; 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.

®Lead, mercuy, cadmium, hexavalent chromium, polybrominated biphenyls (PBBs) or polybrominated diphenyl
ethers (PBDES).
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demanding for instance larger clearances. It is understood that these standards do not impact on
the design of water pumps for the European market.

1.6 Product performance assessment

1.6.1 Boundaries of the system

The boundaries fo each pump category are decided on aproduct-by-product basis. A
fundamental consideration is whether the product includes or excludes the motor.

To be consistent witlthe Ecodsign Directive (2009/125/EY; the approach adopted is as follows:

H  Where the motor can be removed and tested separately, the motor
and pump shall be considered as separate products.

B  Where the motor cannot be easily removed from the assembly, it
shall be considered as an integral product, and the combined
pump+motor combiation shall be regulated as a product.

®  Exceptions may be made for products that have a motor that can be
separated, but where the motor is not subject to existing
regulations (ref 2009/125/EC) or possible future regulations as part
of Ecodesign ENERot 30.

Pump performance data and subsequent analysis considers the pump shaft power only, (known
sometimes as P2). It is only converted into electrical power (P1) in order to estimate the
environmental impact of the pumps. This is done by assuming that theomat on the IE3
efficiency class border, where P1 = Rf,.4;, whereh,,o is the assumed motor efficiency (at full
load).

However,somepumps considered in this studyamely the aquarium, pond and swimming pool
pumps,have integrated motorsTherefore it may be more appropriate to regulate these pumps
with the pump, motor and controls togethei his approach has been successfully implemented
in the past with heating system circulator pumps which resulted in the voluntary circulator
scheme (EC) No 641/290

1.6.2 The Extended Product Approach

»  Definition of the Extended Product Approach

It is important to distinguish between the Extended Product Approach (EPA) and the Extended
Product (EP).

Extended Product Approach (EPA)is a methodology to calculate the energy efficiency Index
(EEI) of an Extended Product (EP), which incorporates load profiles and control méthed.
Energy Efficiency Index (EEI) is a dimensionless figure used to define the energy efficient
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performance & pumps. Unlike the Minimum Efficiency Index (MEN also takes into
consideration efficiency related factors from load profiles and control methods.

Extended Products (EP)consists of physical components

Extended Product

_A-_
- I
Fluid Terminal box, Mains
Outlet + or -+

“>EE

/
Y
EuP/ErP — Pumps EUuP/ErP - Electric Motors Extended Product Approach
MEI IEX EEI

Figure 1-18 Definition of Extended Product Approachz (Source Europump)

The EPA thus extends the boundarytbé product to include not just the pump itself, but also
the motor and any controls within the defined systefy doing this the much larger energy
savings that are possible from the optimum selection and controtomponents under real life
operating conditions can be achieved.

While the focus of the EPA is on the systeamtually,it will only regulate the pump, motor, ah
controls it will not consider any pipework (hydraulic) or indeed cabling (electrical) losses that are
within the system. This approach is in line with that used in the ENER LdZirtilator
regulatiory.

P Extended Product Approach System Types

The EPAcan be used with both closed loop systems, such as swimming pool pump systems, and
open loop systems, such as many clean water transfer systems. It can also be used in for constant
flow systems and variable flow system. The result of this is that the ER/e applied to all the

pump types considered in this study.

In order to apply the EPA to a particular pump application a load profile first needs to be derived.
A load profile describes the proportion of time a pump typically spends pumping a partftaar

rate. In variable flow systems this changefiow rate can achieve through the use of variable
speed drives, or through throttling valves in the system. An example of a load profile in variable
flow systems is shown in the figure below.

® The Minimum Efficiency Index (MEI) is a dimensionless figure that is derived from a complex calculation based on a
DO P8 O A A£ELE A Edfitidhéy At (BED), T8% BEPARIA % BEP and the specific speed. The range is used
so that manufacturers do not take an easy option of providing good efficiency at one point.

! http://eur-lex.europa.eu/LexUriServ/LexUriServ.do?uri=0J:L:2009:191:003%:&N:PDF
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L, 100 6
L, 75 15
Ly 50 35
L, 25 44

Figure 1-19 Load profile for a typical variable flow system such as found in HVAC systems
(Source Europump)

Some of the larger clean water pumps could be used in a variable slow system. There are some
domestic swimmingpool pumps that are also used with variable flow systems but these are the
exception rather than the norm.

In constant flow system the change of flow can be due to a change in the static head, such as
occurs wherfilters become blocked An example of loagbrofile for a constant flow system is
shown inFigure1-20
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Flow | Time
‘\ (%] | [%]
g L, 110 25
i L,

P1

T

L, 100 50
| Ly 75 25
‘a
"
e Open loop "constant” flow system

19

>

Q

Figure 1-20: Load profile for a typical constant flow system

Some of thepumps considered within the scope of this stydyuch as swimmingqwol pumps,
aquarium and pond pumpsare typically used in constant flow application8s suchthey
potentially couldhave load profiles similar to that shown Figure 1-20. Each individual pump
type requires its own load profile.

1.7 Conclusions

Task 1 presents an overview of the pumps that are included within this study. These pumps vary
in scale from very large clean water pumps to small pumps used in swimming pooimeatahs.
Although aquarium blowers may fit into the very broadest interpretation of the scope of this
study, they were excluded after an initial screening process due to the fact that they pump air
rather than waterThe final list of pumps included indlstudy are:

B Domesticswimming pool pumpsvith built in strainer up to 2.2 kW
= Domestic/commerciaswimming pool pumpswith built in strainer
over 2.2 kW
¥ Fountain and pond pumps to 1 kW
B Aguarium pumps (domestic/small aquariumnon-commercial) to
120 W
= Aquaium power head to 120W
= 3pA POI PO A O AT i AGOEA O Aiii AOCAEAT OB/
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CounterCurrent Pumps

® ES Clos€oupled from 150 kW to 1 MW

B ES Clos€oupled Inline from 150 kW to 1 MW

® ES Own Bearing from 150 kW to 1 MW

"= 56 30AT AOOEmgs AT OA

" Xdd 3 OAbofedaepinipd

= Xwo 30AI1 AbdepdnipdA Al OA

® SubmersibleboreET T A BDOI PO 1 AOCAO OEAT XWo
®  Vertical multistage pump (25 to 40 bar and/or 100 to 180 m3/hr)

H  Vertical multistage pump (>40 bar and/or >180 m3/hr)

The primary functional parameters of the pup AOA AAZET AA AO O02A0AA
D O1 b A Thé fluld Préperties will be less relevant to the large clean water and swimming pool
pumps, however further investigations are required as to what the appropriate fluid properties
would be forfountain and pond pumps which are likely to involve an element of solids handling.

In common with other clean water pumps, it is recommended tiftlargerpumps are tested to
ISO 9906:1999 Grade 2.

Although there are a currently a number of standards ElY) level relating to the safety
requirements of pumps, no energy related standards were fouRdgarding legislation, only the
electronic parts such as printed circuit boards are affected by tbeISRDirective, and small
household pumps such as aquariamd pondpumpsareaffected by the WEEBirective

The boundaies of the systems are defirte depending on how the pump and motor are
manufactured. Where the motor can be removed and tested separattig pump and motor are
considered as separate product&/here they cannot be easily separated they shall be considered
as an integral product andhould beregulated as suchExceptions may be made for products
that have a motor that can be separateshd where the motor is not subject to existing
regulations.

There may be the opportunity to regulatal the pumps in the studysing theextended product
approach
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Annex 1: Extract from the ¢ hapter 5 of the 'SAVE

Study on Improving the Efficiency of Pumps'

This section is included for reference, and is an extract froBwuthe onImproving theEnergy
Efficiency of Pumps

U INTRODUCTION

Due to the fact that the majority of the pump manufacturers within the EU have reached a level
of knowhow which enables them to carry out hydraulically correct designed centrifugal pumps,
the value of the practically attainable overall pump efficierftyof these machines is mainly
influenced by factors such as surface roughness of parts which are in contact with the flow as well
as the internal leakage flows through the sealing gaps. Especially the surface roughness of
hydraulic parts strongly depends ondghmanufacturing techniques used. Further on the surface
quality is a property which can get worse during life time of a pump and thereby causes energy
losses during pump operation.

To quantify the effects of these above mentioned factors the following gtiggtions on single
stage centrifugal pumps were carried out at the chair for Turbomachinery and Fluid Power at
Darmstadt University of Technology:

B The influence of different values of surface roughness
B The influence of smoothing several parts of pumps

B The influence of different gap clearances on the internal leakage flow rate

The specific speeds of the considered pumps covered the range from ns = 10 upinto
ns=100min-1 (corresponding to values from 520 miinup to 5200 mii in USunits) and
represents the typical field of application of standard centrifugal pumps. By the aid of the
similarity laws it is possible to transfer the results obtained for one pump size to another
(respectively from one speed of rotation to another).

To carry out the investigations a special software tool was used, which was developed within the
scope of a former research project naméitainable Efficiencies of Volute Casing Purdps
sponsored by the Research Fund of the German Pump Manufacturer AgeQci

The main capability of this program is to estimate the maximum theoretically attainable
efficiencyhmax,th of volute casing pumps. We explicitly want to point out that this software tool

is no CFD code. To determine the friction losses for the prtsvn in Figure Al respectively the
leakage flow rates through the sealing gaps the program uses differential equations as well as
simplified mathematically loss approaches. All calculations are carried out on the base of a

8ETSU, AEAT PLC (2001) Study on Improving the Energy Efficiency of Pumps. Prepared for the European Commission
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hydraulic design process considng common industrial design standards in respect to the
geometrical settings.

Volute

Considered Losses

Diffusor .

- hydraulic losses:
Inner surfaces fricti |
of impeller tiction losses
Sealing gaps deceleration losses
Outer surfaces Wf:lk_e losses
of impeller mixing losses (Volute)

Bearings & sealing

nlet - volumetric losses (gap flow)
nie:

- mechanical losses

Figure 1-21: Losscausing components of a centrifugal pump

In order to evaluate the efficiency values estimated by the pater program additional
experimental investigations were carried out at a centrifugal pump with a specific speed of
ns=12min-1. This special test pump, designed according to usual industrial standards was
equipped with very narrow sealing gaps (radgdp clearance equal to Omim) as well as
hydraulic smooth surfaces. For this optimized pump the value of the inner efficiahayas
measured at a special high precision test rig and compared to the theoretical value obtained by
the computer program. Theomparison of both values (for pump operation at the point of best
efficiency) results in a very good agreement.

U RESULTS OF THEHEORETICAIUNVESTIGATIONS

For the purpose within this SAVE study the above mentioned software tool was partly modified
respectively extended in its capabilities. All the following figures which demonstrate the
influence of the parameters surface roughness as well as gap clearance show efficiencyhvalues
respectively differences of efficiency valuBh in per cent points that were plotted versus the
value of specific speed ns as definedrigure1-20 (where n is the speed of rotation, Q the rate of
flow and H the pmp head).
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Figure1-22: The influence of rate of flow

As shown irFigure 1-20 every specific speed value corresponds to a typical impeller geometry,
which means that low specific speeds characterize more radial extended impellers while higher
specific speeds corresportd mixed flow respectively more axial types of impellers. Figure A2
exemplarily shows the dependence of the overall efficiehcgn the rate of flow respectively
pump size at constant speed of rotation£1450 minl). It can be stated that an increasktbe

rate of flow leads to higher values of the overall pump efficiency, which is the effect of an
increasing Reynolds number Re. The above figure also shows that the efficiency values for very
low specific speeds are definitely smaller than for higheesanwhich is due to the geometric as

well as hydraulic attributes of such types of pumps.

In respect to a better comparability all results of the investigations shown in the following
diagrams(Figure 1-20) were generated for operating conditions characterized by a flow rate of
180m3/h and a speed of rotation=11450 minl.

Figure 1-23. Partial losses within acentrifugal pump
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