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SUMMARY

This report describes the results of Task 2 “Technical / economical analysis” of the EU SAVE II
Study on Central Heating Circulators. The objective of Task 2 is to describe common practice
(basecases) and the state-of-the-art and future options of circulator design (technical analysis) and
to describe these options in terms of energy consumption and associated life cycle costs
(economical analysis).

Assessment of Basecases
The basecases describe the common (average) circulator providing in a description of a reference
“product” needed for calculating the effect of design options. Two basecases were defined: The
first basecase describes circulators that are controlled (on/off switching) by the boiler CPU. The
second basecase describes circulators that are not controlled by the boiler (e.g. are turned “on”
whole year long or are switched on/off by external devices).

Technical design options
For both basecases an inventarisation of technical design options was conducted: Four options
were considered to be effective and reasonably achievable. These options are:
1. Improved current housing;
2. Speed control;
3. Permanent magnet motors;
4. Seasonal switch.

For all of these four options the effects on average input power, annual operating hours and
(increased) purchase price were assessed. In some cases estimates and assumptions had to be
made. A total of eleven seperate (single and combined) design options were identified since some
design options can not be combined with other options.

Life Cycle Costs of (Combined) Options
The life cycle costs (LCC) of each of these eleven options were calculated and an example of a
life cycle cost curve is included. These LCC give policy makers a first insight in where the
optimum of energy saving and economical investment lies.

Proposal for Energy Labelling of Circulators
The study concludes with a proposal for energy labelling of circulators. This proposal includes a
method of calculating annual energy consumption of circulators in a certain application. The
method takes into account the ETA (circulator efficiency), the average power input of the
circulator and the number of operating hours and establishes a total energy efficiency score on the
basis of the hydraulic power of the circulator (the hydraulic power represents the performance of
the circulator). Finally, an example of a possible energy label layout for circulators is presented
and limitations regarding the use of the label are discussed.
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 1 INTRODUCTION

 1.1 Introduction

The report that is presented here deals with task 2, Technical / Economic Analysis for circulator
pumps for household heating systems. The subtasks of task 2 are:
1. Assessment of basecases: The average EU energy consumption of various types of circulator

pumps and their estimated relative market share. The average energy consumption is to be
established:
1.1. According an EU test standard (energy consumption at fixed load);
1.2. According the real life situation (energy consumption at various variable loads);
The latter requires the definition of typical loading patterns, to be assessed from heating
system control (to be tuned to parallel SAVE Heating Systems studies);

2. Identification of technical design options (including installation practice: dimensioning and
correct wiring);

3. Identification of design option costs, Payback Time and Life Cycle Costs (over product life of
the pump).

 1.2 Objective of the technical / economic analysis

1. To describe common practice, the state-of-the-art and future options in pump design for
domestic central heating in Europe (technical analysis).

2. To describe these options in terms of energy consumption and associated life cycle costs
(economic analysis).

 1.2.1 Basic concepts: the product group

The scope of this study is limited to the product group of pumps intended for use in domestic
(central) heating systems only. Pumps that can be used in domestic hot water systems are not
included as focal point in this study, although many findings also apply to this product group of
pumps.

Circulator pumps are used for circulation of a heat transfer medium (usually water) through a
system that comprises the following elements: a heater, a circulator pump, piping and heat-
emitting media (usually radiators, although floor- and wall-heating are also applied).

Given the functional requirements and the required head (H in MPa or m) and flow (Q in l/h or
m3/h) the typical circulator pump is:
§ glandless (as opposed to pumps for other media / capacities);
§ centrifugal (as opposed to positive displacement pumps, which have a much higher hydraulic

efficiency but usually have a much lower flow);
§ radial (as opposed to axial or mixed centrifugal, which usually have a much lower head);
§ immersed (as opposed to pumps with dry bearings, cooled with air of ambient temperature).

The medium circulated acts as coolant and lubricant. This type of pump has the advantage of
a more quite operation, no axis- and reclamation of heat. In the case that the ambient
temperature is higher than the medium temperature problems could occur with regard to
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building up of moisture. These pumps are also more susceptible to clogging due to impurities
or rust particles in the medium [1].

In general pumps for domestic central heating systems can be characterised as pumps with a
power input lower than 90 Watts. For larger systems pumps of 90 up to 250 Watts are used. The
smaller pumps usually form an integral part of the central heating boiler, although there are
exceptions to this rule: In certain countries (Germany a.o.) it is common to have a separate heater
and pump (with separate pump control).

 1.3 Structure of this report

The structure of this report follows the task desciption:
1. Assessment of basecases;
2. Identification of technical design options;
3. Identification of life cycle costs of (combined) options.

                                                
1 http://www.ikz.de/art_0695/9506036.htm



Final Report SAVE II Circulators Task 2 | VHK for Grundfos A/S | 5 June 2001 | 9

 2 ASSESSMENT OF BASECASES

 2.1 Introduction

Basecases are defined in order to calculate potential energy savings. By definition basecases
describe the average product in technical parameters, installation practice and use. The “basecase
circulator” is thus a fictional product but the economical, technical and energetical charateristics
however must make sense and must be defined in sufficient detail in order to make the effect of
energy saving options transparant to the reader and give sufficient fundament for a discussion
with e.g. industry experts.

The basecases in this study are so-called real-life basecases as they reflect actual energy
performance, installation practice and use. These basecases dot not adequately reflect the
characteristics of new circulators on the market:.

Because of the large differences in circulators and their applications this study defines more than
one basecase to describe “the average circulator”. The biggest distinction can be made in type of
installation: Built into the boiler or installed as a separate component.

Therefore two basecases are defined:
1. The first describes the circulator used in a central heating system in which the circulator is

built into and controlled by the boiler;
2. The second basecase describes circulators used in central heating systems with stand-alone

boilers. These circulators are not directly controlled by the boiler CPU.

The input for the basecases is the Task 1 report of this study. For this reason the basecases only
define use of circulators for in primary central heating loops in household (excluding circulators
for floor heating, solar heating, domestic hot water circulation, etc.). Also circulators with a
power input of more than 250 W are not within the scope of this technical / economical analysis.
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 2.2 Basecase 1 “boiler controlled”

 2.2.1 Power input

In the EU there are in total 46,967,631 circulators that fit into basecase 1 of which 45.2 million
(96.2%) are in the range of <90 W and 1.8 million (3.8%) are in the range of 90-250 W. The total
average power input is 70 W.

Basecase 1 is made up of single and multiple speed circulators. Electronically controlled speed
circulators are regarded as negligible (virtually not present in stock). The actual split up between
single and multiple speed is not known. In case of multiple speed circulators it is assumed that
these operate at the highest speed setting as this is believed to be common installation practice.

For the basecase an average power input of 65 W for the < 90 W range and 180 W for 90-250 W
range is used. The ETA2 is estimated as 18% which results in an average hydraulic power output
of approximately to 11.7 W for 65 W and 32.4 for 180 W.

 2.2.2 Control

90% of the circulators are assumed to be directly controlled through the boiler CPU which result
in an EU average operating time of 2,933 hr/year (the basecase uses 3,000 hr/year). 10% is
controlled by the boiler through weather dependant regulation and operate conform the heating
season of average 4.355 hr/year. The basecase however assumes a heating season conform the
load profile used in the German Blaue Engel scheme. This load profile establishes a period of low
heat demand of 44% of the total operating time. This period is assumed to cover the summer
season thus the heating season is 0.56 * 8760 = 4.900 hr.

 2.2.3 Costs

The built in circulator is sold only to OEM of central heating boilers. Based upon information
provided by Grundfos the average price of a circulator sold to OEM is estimated as 40 EUR (for <
90 W) and 100 EUR (for 90-250 W).

 2.2.4 Combined boilers

An unknown percentage of boilers function as combined boilers. In most cases this adds to the
annual runtime of the circulator. The Case Study “CH Circulators in the Netherlands” presented
in task 1 mentions an extra 250 hr annually for this purpose. This Case Study also mentions that
circa 75% of all boilers in the Netherlands are combi-boilers. This figure however cannot be
transposed to other EU countries since the Dutch market has an unusual high share of wall hung
boilers, including combi-boilers. The SAVE Study on water heaters might shed more light on this
but EU-wide data was not available yet.

                                                
2 ETA [%] = P hydraulic / P1 (power input), in which P hydraulic = Q * H * 2.725 at Q, H is maximum.
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 2.3 Basecase 2 “stand alone configuration”

 2.3.1 Power input

Basecase 2 describes 37,170,619 circulators in stand alone configuration of which 35.8 million
(96.5%) are single or multiple speed and 1.3 million (3.5%) are self-controlled. The split up
between <90 W and 90-250 W is presented in the table below.

Table 2.1: Power input range, type of circulator for stand alone circulators
<90 W 90-250 W all (< 250 W) of total average (max)

power input
after

correction
of group of total of group of total

single / multiple 34,085,751 95% 91.70% 1,794,258 5% 4.83% 35,880,009 96.53% 71 -

self-controlled 1,048,849 81.3% 2.82% 241,761 18.7% 0.65% 1,290,610 3.47% 87 56

total 35,134,600 94.52% 2,036,019 5.48% 37,170,619 100%

For the basecase an average power input of 65 W for the <90 W range and 180 W for the 90-250
W range is chosen (also for reasons of consistency with the boiler basecase). The single / multiple
speed circulators have an average P1 power input of 71 W (this is the arithmic mean of these
circulators in both < 90 W and 90-250 W range) and the self-controlled circulators have an
average (arithmic mean) power input of 87 W.

The ETA for non-self-controlled circulators is estimated as 18% which results in a hydraulic
power output of respectively 11.7 and 32.4 W (for 65 and 180 W). For self-controlled circulators
a correction has to be made to account for their lower ETA (approximately 90% of standard ETA
or 16.2% instead of 18%). If a constant P hydraulic for both non controlled and self controlled
pumps is assumed (the circulators have equal installation purposes) and an ETA of 16.2% for self-
controlled circulators the P1 of these self controlled pumps must be chosen as respectively 72 W
(for < 90 W) and 200 W (for 90-250 W).

Apart from this correction another correction must be made to account for savings due to the
reduction in head. This factor decreases the “average power input” and is chosen as 0.65 (see also
Design option ‘b’). The resulting ‘average’ power consumption is 56 W (accounted for both
ranges, efficiency and speed control fucntion).

 2.3.2 Control

Self-controlled circulators are assumed to operate 8.760 hours per year. The non self-controlled
circulators either:
- run without any type of control (run whole year long on same speed). 90% of the non self-

controlled circulators is expected to be controlled in this way;
- run only during the heating season (are switched off during the summer months, either

manually or automatically). 10% of the non self-controlled circulators are expected to be
controlled in this way.

For reasons of consistency a heating season for boiler controlled circulators of 4.900 hr is applied.
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 2.3.3 Costs

The circulator for stand alone systems is sold to the consumer through either installers. Based
upon information provided by Grundfos the average price of a circulator to be sold to consumers
is estimated as 100 EUR (< 90 W) and 200 EUR (90-250 W). The electronic speed control unit
costs 35 EUR extra (see also Design option ‘b’).

 2.3.4 Combined boilers

As for boiler controlled circulators an unknown percentage of stand alone boilers function as
combined or combi-boilers. In most cases this adds to the annual runtime of the circulator. The
Case Study “CH Circulators in the Netherlands” presented in task 1 mentions an extra 250 hr
annually for this purpose. There is no data available on the percentage of stand alone boilers that
function as combi-boilers. The SAVE Study on water heaters might shed more light on this but
data on EU scale was not available yet.
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 2.4 Overview

This paragraph presents an overview of the two basecases.

Table 2.2: Basecase 1 “Boiler controlled”

Total 46,97 mio units
Type centrifugal pump with asynchronous squirrel cage motor
Efficiency of dimension point
- motor efficiency 0.20 - 0.50
- hydraulic efficiency 0.35
- electronic control losses n.a.
- Total average efficiency 0.18 = 18%
average Phydraulic 11.7 and 32.4  Whydr.
Power input stock average 70 W
- non-E 65 W and 180 W
Operating time
- boiler controlled 3000 hr
- weather dependant 4900 hr
total average electricity consumption 221 kWh/year
Product price < 90 W: 40 EUR

90-250 W: 100 EUR

Extra electricity consumption “combi”-
boilers
- added runtime 250 hr/year
- electricity consumption 17.3 kWh/year

Table 2.3: Basecase 2 “Stand alone”

Total 37.2 mio units
- single and multiple speed 35,880,009
- Self-controlled circulators 1,290,610
Type centrifugal pump with asynchronous squirrel cage motor, in some cases

equipped with electronic speed control
Efficiency of dimension point
- single and multiple speed 18%
- self-controlled circulators 16.2%
Average Phydraulic 11.7 and 32.4  Whydr.
Power input
- Self controlled 72 and 200 Wmax (47 and 130 W corrected)
- non-E 65 W and 180 W
Operating time
- Self controlled and non

controlled
8.760 hr

- heating season 4.900 hr
total average electricity consumption 591 kWh/year
Product price < 90 W: 100 EUR

90-250 W: 200 EUR
for self controlled circulators an extra 35 EUR is added

Extra electricity consumption “combi”-
boilers
- added runtime 250 hr/year
- electricity consumption 17.3 kWh/year
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 3 TECHNICAL DESIGN OPTIONS

 3.1 Introduction

Components
The common domestic circulator consists of three main
components (see figure):
1. the motor component consists of a electric motor

which converts electric energy into kinetic energy
(rotation of shaft);

2. the hydraulic component consists of an impeller
(for converting kinetic energy into hydraulic
energy - i.e. pressure and flow) and housing to
control the flow of the medium transported. Almost
all of the central heating pumps are “immersed”:
the heat transport medium also acts as coolant and
lubricant of the motor. This means that the rotor
chamber can be considered to form part of the
hydraulic component;

3. the control component controls speed and on-off
switching (where applicable). Speed control in its
simplest form is the manually operated speed
selector as seen in early multiple speed pumps. The
electronically self-controlled pump determines
automatically the speed the pump is running. This
speed is dependent on certain system
characteristics, such as differential pressure.

Energy consumption of pumps
The energy consumption (Etotal) of a pump during a certain time interval (i.e. a year) depends on
the runtime of the pump (in hours) and the actual power input (in Watt) during these operating
hours.

In formula:
Etotal= S0-i (Pi * hi)

Pi = the power input (at a given speed ‘i’)
hi = the hours per year the pump is run (at a given speed ‘i’)

The power input of the pump depends on the speed and the position on the pump curve (Q-H
diagram) and can be expressed in the following formula [ikz art_1095]:

PQ

Pi =                       
?hydr * ?motor * ? control

Motor design

Hydraulic design

Control design

A

C

B

B

A

C

Figure 3.1: Components of circulators
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Where:
Pi = total power input (at a given speed ‘ i ’)
PQ = hydraulic workload = Q (m3/h) * H (m) * 2.7 [VDMA]
?hydr = hydraulic efficiency
?motor = motor efficiency
? control = control efficiency

Recent advanced control designs do not only reduce the number of operating hours but also
contribute to reduction of power input through reduction of speed. The total of operating hours
and the power input per operating hour is determined by the type of control.

Savings can be realised through two strategies:
1. Improved efficiency (measured in point of dimension where Q and H are max);
2. Improved control (speed adjustment according heat demand and/or system charateristics,

including on-off switching)

Both of these strategies (efficiency and control) are equally important because a very efficient
circulator can be used in a non-sensible way (e.g. running when it is not required) or a not-so-
efficient circulator can be controlled in a very sensible way (e.g. only running when required),
both of them resulting in suboptimal energy savings.

A study funded by the Swiss government and performed by Arena et al focused at increasing
energy efficiency of small domestic circulators. Extensive literature review led to the conclusion
that no fundamentally new concepts should be introduced. Instead the review identified that
improvements of efficiency could be reached through application of improved motor design
(synchronuous motors with permanent magnets) and through optimisation of hydraulic efficiency
(redesign of impeller for higher speeds). Expert interviews and other sources identified two more
options for realising energy savings for circulators: improved current housing and summer
switches. Together with speed control these four options are most likely to influence the energy
consumption of circulators in the coming decade.

The selected options are:
a) Improved current housing (improved efficiency of dimension point of “current” motor and

impeller);
b) Speed control (through direct or indirect frequency-voltage control);
c) PM motor (improved efficiency of dimension point through use of PM motor);
d) Seasonal switch (“summer switch”).

Reduction of the hydraulic power through optimisation of the system characteristics is not an
option that falls within the outline of the study. Neither does the training of installers, architects
and ohers to prevent the installation of oversized circulators (overdimensioning) fall within the
scope since this does not imply technical modification of the circutalor.
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 3.2 Option ‘a’: Improved current housing

Previous studies and calculations show a variety in efficiencies of especially small circulators
from 5 % (UPS 25-20, P1 is 65 W, P hydr is 3.3 W) to 18 % (UPS 25-40, P1 is 60 W, P hydr is
10.6 W). The somewhat larger circulators (< 90 W) show in general better efficiencies of 20%
(UPS 25-50, P1 is 90 W, P hydr is 20 W). One of the reasons for this range in efficiencies is that
manufacturers often use one single housing type for producing a range of circulators. This means
that for only one circulator type (and one speed - see remark) the combination of housing,
impeller and motor can be optimized. The other circulators based upon the same housing cannot
be optimized in the same way and therefore show poorer efficiencies. The table below provides
some insight behind the causes of efficiency losses.

Table 3.1: Overview of pump losses and efficiency [IEA task 26]
Performance (in % of total 100%) 80W 25W

motor losses - Ohm 50% 64%

- miscellanious 10% 9%

friction losses rotor and bearing 10% 7%

motor efficiency (measured at shaft) 30% 20%

hydraulic losses - volumetric 5% 4%

- miscellanious 13% 9%

total circulator efficiency 12% 7%

Option ‘a’ implies simple improvement of the circulator ETA through:
- broadening the range of housings and thus improving the efficiency of a specific combination

of housing plus motor/hydraulic parts;
- improvement of surface quality, improvement of impeller shape etc..

In order to assess the potential of this option it is assumed that the average efficiency now
estimated at 18% is raised to 20% for the whole range (including multiple speed and self-
controlled circulators). This option has no effect on the number of operating hours per year.
The efficiency of multiple speed and self controlled circulators however is by definition difficult
to optimize because these pumps require a design that allow them to operate across various speeds
and pressures.

Costs
The costs of improving the housing of the circulator could not be derived from literature or other
public material. VHK together with Grundfos estimate these costs to lie in the order of 20 € per
circulator (for both < 90 and 90-250 W). These estimates of costs however are highly debatable:
Changing the housing does not only imply the production of more types of circulator housing, but
also influences the whole organisationial and logistic process of the product chain. The costs
associated with these changes are very difficult to assess and need further research that falls
without the scope of this study.

Table 3.2: Overview Option ‘a’
ETA [%] Extra costs [EUR]

boiler / weather dependent 20 20
stand alone 20 20
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 3.3 Option ‘b’: Speed control

On average speed controlled circulators can save 25 to 50% when compared to non controlled
circulators. The energy use of a speed controlled circulator can be calculated by using the P1 (at Q
= max), the operating time and a correction factor. This factor describes the ratio of average
power input divided by maximum P1 power input. The average power input is calculated over the
total operating time using a load profile. From this load profile a corresponding power profile can
be drafted from which an average power input can be calculated.

Figure 3.2: Load profile self-controlled circulators

In doing so this correction factor combines the two factors that influence the average power input
Pavg for self controlled circulators:
- the time factor: e.g. a load profile with longer runtime on higher flow rates will result in

higher average power input;
- the power factor: circulators with poor efficiencies will show increased average power input

(for the same hydraulic power the power input will be higher). Also circulators that have a
limited modulation range will show increased average power input.

The control curve of the circulator (proportional of constant differential pressure, eventually in
combination with temperature) defines the speed (and thus the power input) for the required flow
rates. It is assumed that the new self-controlled circulators all use proportional differential
pressure control since this is most appropriate for new houses with a two-pipe system.

For the calculation of the potential of this option an “average” correction factor had to be chosen.
This correction factor for the annual average power input varies between circulators even if the
same load profile is applied, which is also indicating a variation of ETA efficiency between
circulators.

Table 3.3 : Correction factors based upon Model B load profile [3]
P1
(product brochure)

P average
(model B)

correction factor
(P avg/P1)

UPE 25-40 60 39 0.65
UPE 25-60 100 67 0.67
UPE 25-80 250 120 0.48
UPE 32-120 400 168 0.42

 3.3.1 Average Power Input and Load Profile

Various sources in literature point to a correction factor of 0.65: On average the much used UPE
25-40 shows an 35% reduction in average power input when compared to the UPS 25-40 [4], and
                                                
3 Arbeitsgruppe Heizungspumpen VDMA, 16 February 2000
4 Arbeitsgruppe Heizungspumpen VDMA, 16 February 2000

P
avg

P 1

8760 hr6% 15% 35% 44%

P 1 at Q is 100%
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also a discussion document on primary energy demand of heating boilers [5] proposes an 35%
“correction factor” for self-controlled circulators.

Self-controlled circulators in boilers or systems that are equipped with a summer switch cannot
reap the full benefit of low power during the summer season. But they combine this increased
average power input with a reduced runtime (the time factor changes). A correction factor of 0.70
(in combination with a shorter runtime) is applied for circulators in these types of systems.

 3.3.2 Average Power Input and Efficiency

On average self-controlled circulators have poorer efficiencies when compared to uncontrolled
circulators. These poorer efficiencies are due to losses in the electronic control circuit and
(hydraulic, mechanical) suboptimalisation since they operate at a range of speeds.

The figure on the right shows the
efficiency of a 90 W circulator: The
efficiency of the self controlled
circulator is around 10% lower than
that of the standard circulator (20 W
/ 22.5 W = 90%). The efficiency of
the Grundfos Alpha 25-60 is close to
15% (P hydr is 9.1 and P1 max is 60
W), whereas the efficiency of the
uncontrolled UPS 25-40 is circa 18%
[6]. An efficiency of 16.2% on
average is used as basis for
calculations for speed controlled
circulators.

Figure 3.3: Efficiency curve of a self-controlled and uncontrolled circulator (90 W) [7]

 3.3.3 Costs

The costs are estimated to lie around 35 EUR for each circulator. These costs are based upon the
consumer price difference (ex VAT) between a multiple speed UPS circulator and a self
controlled Grundfos Alpha circulator (UPS 25-40 is 95 EUR, Alpha 25-40 is 130 EUR).

Table 3.4: Overview Option ‘b’
Correction factor Extra costs

boiler / weather dependent 0.70 35 EUR
stand alone 0.65 35 EUR

                                                
5 J. Schäll UBA, 9 February 2000
6 Grundfos Alpha: Product brochure PI-004, visual interpretation of Performance curve. UPS 25-40: Product brochure Series 100,
visual interpretation of Performance curve..
7 Grundfos Presentation Papers, March 2001



20 Final Report SAVE II Circulators Task 2 | VHK for Grundfos A/S | 5 June 2001 |

 3.4 Option ‘c’: Permanent Magnet motor

The motor efficiency of asynchronous motors ( < 90 W) lies around 50% whereas for permanent
magnet (PM) motors this is around 60-80% [8]. In case the high efficiency motor is combined
with an improved impeller design (designed to run on high speeds e.g. 4.000 to 5.000 rpm) then
the hydraulic efficiency can also be raised from on average 35 % to 60%. In 2000 Biral
introduced a new circulator that combined this PM motor with an improved impeller design and
achieved a total circulator efficiency of approximately 40% [9]. In 2001 Grundfos and Wilo-
Salmson introduced PM-circulators as well, respectively the Grundfos ‘Magna’ and the Wilo
‘Stratos’.

Table 3.5: motor, hydraulic and speed control efficiency of PM motor
motor efficiency
(measured at
shaft)

hydraulic efficiency efficiency electronic
(speed) control

total circulator
efficiency

remark

basecase:

- asynchronous squirrel cage
(no speed control)

0.25 - 0.50 0.35 n.a. 0.05 - 0.30 Power input 20-
250W

- asynchronous squirrel cage
(with speed control)

0.25 - 0.50 0.35 0.97 0.05 - 0.18 Power input 20-
250W

options:

PM (with speed control and
improved impeller)

0.80 0.60 (high speed
impeller)

0.80 (can be raised) 0.40 low power pumps (5-
10 W equivalent to
15-30W)

Introduction of this type of PM circulator raises the average ETA from 18 to 40% for new
circulators. In theory this option has no effect on the number of operating hours per year because
there is no speed control applied [10]. However the fact that an electronic circuit is needed to
control the PM motor enables a fairly simple combination with speed control. This makes the
combined option more realistic than the introduction of just the PM motor alone.

The first PM circulator was tested for low power applications (max 25 W) but further research
opened up the possibility for high power application (the Grundfos Magna is available in a P1 500
W version). The efficiency of the electronic control circuit (in the table above 80%) is expected to
achieve 0.97% for wide-scale application (high frequency speed control instead of phase-angle
control).

Costs
The SAVE study on washing machines estimates the extra costs of a PM motor to be 75 EUR
higher than the reference asynchronous motor. For the circulator it is assumed that the extra costs
are somewhat higher due to special requirements regarding the submerged rotor cage. Therefore
the total extra costs are estimated as 100 EUR.

Table 3.6: Overview Option ‘c’
ETA [%] Extra costs [EUR]

boiler / weather dependent 40 100
stand alone 40 100

                                                
8 Switched Reluctance (SR) motors can achieve similar high efficiencies as PM motors and can also be applied in circulator design.
However at the moment the control technology of SR motors is not as developed as for PM motors (see appendix).
9 Stromsparende Heizungsumwälzpumpen, Impuls-programm Hessen, page 64.
10 The Biral MC 10 had electronic  speed control on proportional differential pressure basis incorporated. The MC 10 is thus a
combination of option B (speed control) and C (PM).
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 3.5 Option ‘d’: Summer switch

Circulators in stand alone systems may run whole year long. These circulators can be equipped
with a summer switch (also known as pump switch) which, in general, halves the runtime.

Boiler controlled circulators do not need a summer switch (it is assumed that all new boilers will
only switch on the circulator when the burner is operational, and that modern boilers provide in a
de-blocking function). However in the case of a weather dependant boiler control (and also for
floor- / wall heating) the circulator runs the whole heating season. Circulators with this type of
control are considered to fall within Basecase 2 (like stand alone control).

The most likely option for circulators for stand alone systems is a (electronic) switch attached to
the circulator. This switch allows the user (or installer) to set the end of the heating season and the
beginning of the heating season. In the period in between the circulator runs on a regular interval
basis in order to avoid blocking. The switch might also offer extra fuctions such as nighttime duty
and weekend duty.

The switch will probably consume electricity for itself, but like most modern electronic devices
this can probably be brought down to around 1 Watt and this consumption is therefore neglected.

Introduction of this summer switch will limit the operating time for new circulators to the heating
season which is considered to be on average 4,900 hr (‘Blaue Engel’ Load profile). The switch
has no effect on the power input of the circulator.

Costs
The extra costs of a summer switch are estimated to be 40 EUR11.

Table 3.7: Overview Option D
ETA [%] Extra costs [EUR]

boiler / weather dependent 40 100
stand alone 40 100

Remark
It is possible to connect the circulator to the boiler itself and thus convert all circulators in stand
alone systems to boiler controlled circulators. The effect is that the operating time is even further
reduced to the actual runtime of the boiler itself (including pre and post runtime - on average 3000
hr/year). This option is however not further explored as a seperate option for reasons of lack of
information on how many stand alone boilers provide in circulator control functions.

                                                
11 The consumer price of a summer switch in the Netherlands is 85 HFL.
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 3.6 Combined options

The four options can be combined with eachother but not all combinations are equally sensible:
Combinations of option ‘a’ and ‘c’ are not sensible (improvement of current design cannot be
combined with applying PM motors).

Also some options may influence eachother in a way only to be seen in the calculations. Such is
the case for combining PM and speed control. Speed control in general lowers the ETA with a
factor 0.9 because of motor losses and also losses in the electronic control circuit. For PM (with
high speed impeller) it is assumed that the application of speed control has no detrimental effect
on the total efficiency of the circulator. This is because it is assumed that all PM circulators will
be equipped with high frequency conversion speed control (with very low losses).

In total eleven options were identified.

Table 3.8: all (single and combined) options
Options

1. option a - improved current design

2. option b - speed control

3. option c - PM motor

4. option d - summer switch

5. option ab - improved + speed control

6. option ad - improved + summer switch

7. option bd - summer switch + speed control

8. option bc -  PM + speed control

9. option cd -  PM + summer switch

10. option abd -  improved + speed control + summer switch

11. option bcd -  PM + speed control + summer switch
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 4  LIFE CYCLE COSTS OF (COMBINED) OPTIONS

 4.1 Basic concepts: LCC Analysis methodology

The identification of technical design options, their saving potential and their costs are not as such
important for policy makers or in any way intended to have a prescriptive character. Their main
purpose is the application in Life Cycle Cost analysis.

The Life-Cycle Cost (LCC) analysis aims to supply policy makers with some basic yardsticks for
new policy measures such as the EU Energy Label and Efficiency Targets. It was first used in the
US by Lawrence Berkeley Labs (LBL) to determine suitable target levels for the Department of
Energy (DOE) over 10 years ago. In the EU the methodology has been adopted in 1991 with the
first GEA-study on refrigerators and freezers and is now widely accepted.

The LCC-methodology is based on the intention, that the implementation of energy efficiency
measures should not in any way be to the long-term economic disadvantage of the consumers/
citizens. That is to say, that the presumed extra costs (in Euro) of making the products more
efficient will be regained by the consumer over the discounted product-life  through diminished
variable costs (costs of energy, water and detergent in the case of the washing machine).  Better
still, the consumer should preferably have an economic advantage with respect to the present
situation.

In a formula, LCC is defined as

LCC = PP + PWF * OE   ,

where OE is the annual operating expense, PP the purchase price and PWF (present worth factor)
is

1   -  1 / (1 + r)N

PWF  = __________________
    r

where N is the product life in years and r is the discount rate (discount rate= interest minus
inflation).

The steps in the LCC analysis are:
§ Identification of (clusters of) technical design options;
§ Assessment of savings on variable costs per individual option;
§ Assessment of costs (increase of machine price to the consumer) per individual option;
§ Ranking of design options according to simple payback time (SPP =Product cost increase

divided by annual saving) as a way of first iteration;
§ Assessment of accumulative saving and costs of the design options when applied in the

previously established ranking order, taking into account diminished effect, mutually
excluding options, etc.;
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§ If needed: New iteration of ranking order to be in line with LCC-gradient of the curve.
§ Assessment of the final curves for LCC, energy consumption, etc.  for the accumulative

saving and cost effect of the design options.

Once the final curves are established, they provide some specific points which can be taken as a
basis for policy instruments. The picture below gives an example of a LCC curve combined with
an energy curve and explains how they are usually interpreted for the EU Energy Label and
Minimum Efficiency Targets in a Voluntary Agreement.

Points on LCC curve (figure on the right):
I. Base case. Represents the average for

the reference year (e.g. in our case
1998) as established in the statistical
analysis (task 1.1). Usually taken as the
limit between "C" and "D" level on the
EU Energy Label.

II. Lowest LCC point: Most saving at the
least cost for the consumer. Usually
taken as a minimum reference point for
negotiations on e.g. minimum standards
or voluntary agreements.

III. LCC stay the same with respect to the
present situation. Usually taken as a
maximum reference point for
negotiations on e.g. minimum standards
or voluntary agreements.

IV. Best technically feasible. Usually taken
as a reference point for the "A" level for
the EU Energy Label.

 4.2 Input parameters for the analysis

 4.2.1 Interest and inflation rates

Table 4.3 shows the inflation and short-term interest rates in the EU, as well as the discount
rates.12

As expected the inflation ration has dropped significantly as many countries were aiming to meet
the EMU-targets13. Interest rates have followed. As a consequence, the discount rate in 1998 is
half with respect to 1993: A mere 2,9%.

                                                
12 The discount rate is defined as interest minus inflation and is used as in input in the LCC calculation
13 EMU: European Monetary Union
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Table 4.1: Inflation, Interest and Discount rate in local currencies
Inflation Interest rate Discount rate

1992-93 1998 1993 1998 1993 1998
% % % % % %

EUR 17
EU 15
Old EU 12 4,26 1,1 9,55 4 5,3 2,9
A 0,8 3,3 2,5
B 2,44 0,9 8,64 3,4 6,2 2,5
CH
D 3,97 0,6 7,98 3,2 4,0 2,6
DK 2,1 1,9 8,91 3,7 6,8 1,8
E 5,86 1,8 12,17 5,5 6,3 3,7
F 2,33 0,7 8,93 3,2 6,6 2,5
G 15,83 4,5 12 12,9 -3,8 8,4
I 3,13 2,1 9,11 6,1 6,0 4,0
IRL 5,21 2 12,36 7 7,2 5,0
L 3,03 1 7,9 3 4,9 2,0
N
NL 3,78 1,8 8,18 3,1 4,4 1,3
P 9,02 2,2 11,73 5,8 2,7 3,6
S 1 4,2 3,2
FIN 1,4 2,9 1,5
UK 3,76 1,5 9,13 6,5 5,4 0,0

 4.2.2 Energy prices

The table below shows the electricity rates in the EU 1998 and, in the last column, compares them
to the figures used in GEA 1993. With the exception of Denmark and --to a lesser degree-- Italy,
electricity rates have remained stable or have even decreased.  For the EU the electricity rate stays
almost the same: EUR 0,12/kWh instead of EUR 0,13/kWh in 1998. In real terms, inflation over
1993-1998 being 15%, this means that electricity rates have dropped by almost 20%.

Table 4.2 Electricity rates
Country Avg. 1998 GEA 1993
(city/utility) compare

Eur/kWh Eur/kWh
EU avg. 0,12 0,13
DK (NESA) 0,19 0,14
B 0,14 0,14
B (tarif social)
D (Berlin) 0,15 0,13
D (Essen)
P 0,13 0,15
E 0,12 0,17
F (Paris) 0,13 0,12
AU (Vienna) 0,13 no EU 93
LUX 0,12 0,10
NL (PNEM) 0,12 0,09
I 0,16 0,15
S (Stockholm) 0,11 no EU 93
IRE 0,10 0,11
UK (London Electricity) 0,10 0,10
FIN (Helsinki) 0,08 no EU 93
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Country Avg. 1998 GEA 1993
non EU 98

CH (Genève) 0,15

N (Oslo) 0,11

US (Sab Francisco) 0,12

AUS (Melbourne) 0,08
CAN (Québec) 0,06

Source: Test Achats magazine no. 422 -June 1999

 4.2.3 Productlife

A productlife of 13 years can be expected if the pump is installed and looked after in a proper way
(see also Task 1 report).

 4.2.4 Overview

An overview of the input parameters for the assessment is provided in Annex 1. The following
general parameters served as input for the calculation of SPP and LCC.

Table 4.3: input parameters
parameters source
discount rate 0.029 paragraph 4.2.1
EUR/Wh 0.00012 paragraph 4.2.2
product life 13 Task 1 report
PWF 10.7 (calculated)
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 4.3 Calculation of SPP, LCC and electricity consumption

SPP, LCC and kWh/year for the 11 options were calculated for both two basecases and are
presented in the table below and in Annex 1 (together with the input and troughput figures). In all
cases the savings and costs are treated accumulative.

Table 4.5: Overview of SPP, LCC and annual electricity consumption for basecase 1
SPP LCC kWh

Basecase 1 - boiler controlled - - 221.3

Options
option a - improved current design 7.5 318.1 199.2
option ab - improved + speed control 5.6 276.4 139.4
option abd -  improved + speed control + summer switch 5.6 276.4 139.4
option ad - improved + summer switch 7.5 318.1 199.2
option b - speed control 5.9 298.4 172.1
option bc -  PM + speed control 7.4 266.8 69.7
option bcd -  PM + speed control + summer switch 7.4 266.8 69.7
option bd - summer switch + speed control 5.9 298.4 172.1
option c - PM motor 6.8 270.2 99.6
option cd -  PM + summer switch 6.8 270.2 99.6
option d - summer switch 0.0 326.6 221.3

Table 4.6: Overview of SPP, LCC and annual electricity consumption for basecase 2
SPP LCC kWh

Basecase 2 - stand alone - - 590.9

Options
option a - improved current design 2.7 807.5 530.1
option ab - improved + speed control 1.9 611.9 351.4
option abd -  improved + speed control + summer switch 2.1 483.2 220.1
option ad - improved + summer switch 1.8 564.6 309.8
option b - speed control 1.8 697.7 433.9
option bc -  PM + speed control 1.9 466.2 175.7
option bcd -  PM + speed control + summer switch 2.5 421.8 110.0
option bd - summer switch + speed control 1.9 529.5 271.7
option c - PM motor 2.6 547.1 265.0
option cd -  PM + summer switch 2.0 446.1 155.2
option d - summer switch 1.4 591.6 346.4

The calculation of electricity consumption is done by applying EU uniform operating hours to the
applicable sum of circulators (boiler controlled: 3,000 hours, seasonal switch/weather dependent:
4,900 hours, no switch/self controlled: 8,760 hours), whereas in Task 1 electricity consumption
was calculated for each country and type of circulator installation seperately using specific
operating hours depending on degree days.

The purchase price is only increased for those circulators for which the option is not already
incorporated in the basecase. This means that for basecase 1 - boiler controlled circulators the
additional costs for option ‘d’ (summer switch) are zero (summer switch is already accounted for
by the boiler CPU). For basecase 2 - stand alone the additional costs of speed control only apply
to that portion of the circulators that did not have speed control already.
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 4.3.1 LCC Charts (example)

Table 4.5/4.6 provides the input data for LCC charts. One chart is presented here as an example.

Figure 4.1: LCC chart for Basecase “stand alone” option b / bc/ bcd

The chart describes the LCC and energy consumption of three options for Basecase 2 - stand
alone. The chart shows the decline in annual energy consumption as options are combined with
eachother. The LCC optimum in this case lies with option ‘bcd’ which is also the option with the
lowest energy consumption. In this case the typical LCC curve with upward trend as SPP
increases is not applicable. Reasons for this may be the fact that the basecase already contains a
certain percentage self-controlled circulators for which the added costs of purchase price for
(combinations of) option ‘b’ (speed control) are zero.

LCC / kWh/year chart
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 5 PROPOSAL FOR ENERGY LABELLING OF CIRCULATORS

 5.1 Introduction

The calculation of energy efficiency classes is based upon a calculation of annual electricity
consumption of a labelled circulator against a reference annual electricity consumption.

As described earlier the circulators are divided into to two classes: Boiler controlled circulators
and Stand alone circulators

- Boiler controlled circulators  are controlled according the on-off frequency of the burner of
the boiler and are in fact directly controlled through the boiler CPU which is connected to a
room thermostat;

- Stand alone circulators  are all other circulators, including self-controlled circulators and
circulators that are integrated in a boiler equipped with a weather dependent temperature
control.

The calculation of energy efficiency classes and thereby the proposal for an energy label is
limited to Stand alone circulators. Boiler controlled circulators are not selected by the end user or
installer and therefore a label will have small effect on the choice

 5.2 Efficiency of circulators

In general larger circulators have higher efficiencies. This effect must be taken into account when
ranking circulators on basis of energy efficiency: the ranking procedure should be independent
from the size (or power input) of the circulator.

Figure 5.1: Power input P1 versus Hydraulic Power
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The figure on the previous page presents the hydraulic power vs the power input as calculated in
the ‘Blauer Engel’ excercise. This graph presents only the UPS input data, since the UPE data was
corrected for flow volume. The trendline is indicated in the graph.

The formula below is based upon this trendline and shall be used in the calulations for energy
efficiency:

P1 = 13.5 * Phydraulic 0.64

 5.3 Energy classes of Stand alone circulators

The energy efficiency class is calculated by dividing the calculated electricity consumption (Ecalc)
by the reference electricity consumption (Eref). The index ‘EI’ of this division indicates the energy
efficiency class.

The ‘steps’ in energy efficiency are calculated using the basecase of a 65W Stand alone
circulator: the basecase electricity consumption of 569 kWh/year is chosen as the threshold for the
D-class. The threshold for A class is chosen as a 50% reduction of energy consumption of the
basecase, being 285kWh/year. This menas that in between the D-class and A-class three steps of
improvement of energy efficiency of 16.7% can be derived.

Table 5.3: Energy efficiency index of stand alone circulators
Class Energy efficiency index
A EI < 0.50
B 0.50 < EI < 0.67
C 0.67 < EI < 0.83
D 0.83 < EI < 1.0
E 1.0 < EI < 1.17
F 1.17 < EI < 1.34
G 1.34 < EI

In which:

EI = Ecalc / Eref

where:
Eref [Kwh/y] = ((13.5 Phydr 0.64 ) * tref ) / 1,000
Phydr [W] = QBEP * HBEP * 2.725
QBEP [m3/h] = flow ‘Q’ at the point where product Q*H is maximum at highest speed. This

point is called ‘BEP’ (Best Efficiency Point)
HBEP [m] = head ‘H’ at the point where product Q*H is maximum (at highest speed).This

point is called ‘BEP’ (Best Efficiency Point)
tref [h] = 8.760 hours (chosen reference operating time for stand alone circulators)

and:
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Ecalc [kWh/y] =the calculated average electricity consumption. This consumption is the product
of a power input at a certain flow multiplied by the corresponding operating time.
Four different flow values and corresponding operating times will be used (see
also paragraph 3.3)

Table 5.4: Fill-in table for Average Power input
Flow Q corresponding P1

(fill in)
Time
(% of operating time tcalc)

Calculated Electricity use
(fill in)

100% 6%
75% 15%
50% 35%
25% 44%

For single speed circulators Ecalc = P1 * tcalc

tcalc = circulators with automatic seasonal switch tcalc = 4.900 hr
circulators with no timer switch or outdoor thermostat control tcalc = 8.760 hr
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 5.4 Label example

Figure 5.2: Example of an Energy Label for stand alone circulators

Explanation of main items:
- The label always contains a reference to product, supplier and model;
- The “Energy efficiency class is indicated with arrows, calculated according the methodology

described in the previous paragraphs,
- The “energy consumption” indicates the electricity consumption, using the methodology

described in the previous paragraphs;
- The circulator may be equipped with extra energy saving features such as automatic speed

adjustment based on pressure control (proportional or constant) or temperature control;
- The “hydraulic power” indicates the circulator performance and should form the focal point

for deciding which circulator to apply in the heating system.

 5.4.1 Calculation of energy efficiency class - examples

Suppose an installer must install (or replace) a circulator in a dwelling which requires a flow of
2.25 m3/h and a head of 3.25 m. He must choose a circulator with a hydraulic workload of 20 W.
He finds a uncontrolled circulator. The power input of this circulator is 90 W which makes the
efficiency of this circulator 22%. The calculated electricity consumption of this circulator is
81W*8760 h = 704 kWh/y, whereas the reference electricity consumption is 13.5 * 20 0.64 = 92 W
* 8760 h = 804 kWh/y. The index is 704/804 = 88% which is in energy consumption class D

Energy circulator

Supplier

Model

Energy consumption ... kWh/year

Automatic speed adjustment (type) yes/no (press./temp)

Hydraulic power ... W

 C
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Suppose the installer then finds a self-controlled circulator with a hydraulic workload close to 20
W. Using the formula for flow and related power input the average power input of this circulator
is calculated as 53 W. The electricity consumption is 53 W * 8.760 h = 464 kWh/y (to be shown
on label). The reference electricity consumption is 13.5 * 200.64 = 92 W * 8.760 h = 804 kWh/y.
The index is 464/804 = 58% which is in energy efficiency class C.

Energy Circulator

Supplier -
Model Uncontrolled

Energy consumption 704 kWh/year

Automatic speed adjustment yes/no (press./temp)

Hydraulic power 20 W

 D

Energy Circulator

Supplier -
Model Self-controlled

Energy consumption 464 kWh/year

Automatic speed adjustment yes/no (press./temp)

Hydraulic power 20 W

 B
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Suppose the installer is able to find a self-controlled high efficiency circulator (e.g. with
Permanent magnet motor) with a hydraulic workload close to 20 W. Using the formula for flow
and related power input the average power input of this circulator is calculated as 24 W. The
electricity consumption is 24 W * 8.760 h = 210 kWh/y. The reference electricity consumption is
13.5 * 200.64 = 92 W * 8.760 h = 804 kWh/y. The index is 210/804 = 26% which is in energy
efficiency class C.

 5.5 Limitations

The examples above give a hint of an important limitation of energy labelling: Although the label
itself might adequately reflect the energy efficiency of the product, the label does not prevent
overdimensioning of circulators. An installer might still install a too large “but A-rated” circulator
instead of a small B or even C rated circulator with a lower electricity consumption per year. The
problem is that the label itself cannot incorporate the requirements for actual use. Therefore the
introduction of an energy label must be accompanied by an educational program for installers
directed towards choosing the right circulator capacity.

Another problem might be the tolerances that apply to the test method. The experience with labels
for the whitegoods sector shows that some producers will use these tolerances by claiming lower
consumption values. This can lead to circulators claiming to be within a certain efficiency class
whereas independent testing might show the average value to be in a class of lower efficiency.

Energy Circulator

Supplier -
Model Self-controlled

Energy consumption 210 kWh/year

Automatic speed adjustment yes/no (press./temp)

Hydraulic power 20 W

 A
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ANNEX 1: SPP, LCC AND ENERGY CONSUMPTION TABLES

(“E+0” = multiply by 1, “E+3” = multiply by 1,000)
boiler stand alone
65 W 180 W output 65 W 180 W output

Basecases boiler
(90%)

weather
(10%)

boiler
(90%)

weather
(10%)

weather (10%) no-control
(90%)

self-
control

weather
(10%)

no-control
(90%)

self-control

units 40,7 4,5 1,6 0.18 47 3,4 30,7 1,1 0.18 1,6 0.24 37,2
%  of group total 0.87 0.10 0.03 0.004 1.000 0.09 0.83 0.03 0.005 0.04 0.01 1.00
P el max 65 65 180 180 65 65 72 180 180 200
ETA [%] 18 18 18 18 18 18 16.2 18 18 16.2
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el average [W] 65 65 180 180 65 65 46.8 180 180 130
EU runtime 3000 4900 3000 4900 4900 8760 8760 4900 8760 8760
Wh/year 195E+3 319E+3 540E+3 882E+3 221E+3 319E+3 569E+3 410E+3 882E+3 1.577.E+06 1.139.E+06 591E+3
index (kWh/Phydr) 16.7 27.2 16.7 27.2 18E+0 27.2 48.7 35.1 27.2 48.7 35.1 46E+0
PP [€] 40.0 40.0 100.0 100.0 42E+0 100.0 100.0 135.0 200.0 200.0 235.0 107E+0
OE 27E+0 71E+0
LCC 326.6E+0 865.6E+0
SPP 000E+0 000E+0

option A - improved
current design
ETA [%] 20 20 20 20 20 20 20 20 20 20
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 59 59 162 162 59 59 58 162 162 162
P el average [W] 59 59 162 162 59 59 38 162 162 105
EU runtime 3000 4900 3000 4900 4900 8760 8760 4900 8760 8760
Wh/year 176E+3 287E+3 486E+3 794E+3 199E+3 287E+3 512E+3 332E+3 794E+3 1E+6 922E+3 530E+3
index (kWh/Phydr) 15.0 24.5 15.0 24.5 16E+0 24.5 43.8 28.5 24.5 43.8 28.5 41E+0
extra costs 20 20 20 20 20 20 20 20 20 20
PP (purchase price) 60.0 60.0 120.0 120.0 62E+0 120.0 120.0 155.0 220.0 220.0 255.0 127E+0
OE 24E+0 64E+0
LCC 318E+0 808E+0
SPP 8E+0 3E+0

option B - speed
control
ETA [%] 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 72 72 200 200 72 72 72 200 200 200
P el average [W] 51 51 140 140 51 47 47 140 130 130
EU runtime 3000 4900 3000 4900 4900 8760 8760 4900 8760 8760
Wh/year 152E+3 248E+3 420E+3 686E+3 172E+3 248E+3 411E+3 410E+3 686E+3 1E+6 1E+6 434E+3
index (kWh/Phydr) 13.0 21.2 13.0 21.2 14E+0 21.2 35.1 35.1 21.2 35.1 35.1 34E+0
extra costs (€) 35 35 35 35 35 35 0 35 35 0
PP 75.0 75.0 135.0 135.0 77E+0 135.0 135.0 135.0 235.0 235.0 235.0 140E+0
OE 21E+0 52E+0
LCC 298E+0 698E+0
SPP 6E+0 2E+0

option C - PM motor
ETA [%] 40 40 40 40 40 40 40 40 40 40
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 29 29 81 81 29 29 29 81 81 81
P el average [W] 29 29 81 81 29 29 19 81 81 53
EU runtime 3000 4900 3000 4900 4900 8760 8760 4900 8760 8760
Wh/year 88E+3 143E+3 243E+3 397E+3 100E+3 143E+3 256E+3 166E+3 397E+3 710E+3 461E+3 265E+3
index (kWh/Phydr) 7.5 12.3 7.5 12.3 8E+0 12.3 21.9 14.2 12.3 21.9 14.2 21E+0
extra costs 100 100 100 100 100 100 100 100 100 100
PP 140.0 140.0 200.0 200.0 142E+0 200.0 200.0 235.0 300.0 300.0 335.0 207E+0
OE 12E+0 32E+0
LCC 270E+0 547E+0
SPP 7E+0 3E+0
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boiler stand alone
65 W 180 W output 65 W 180 W output

Basecases boiler
(90%)

weather
(10%)

boiler
(90%)

weather
(10%)

weather (10%) no-control
(90%)

self-
control

weather
(10%)

no-control
(90%)

self-control

option D - summer
switch
ETA [%] 18 18 18 18 18 18 16.2 18 18 16.2
P hydr 11.7 11.7 32.4 32.4 0 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 65 65 180 180 65 65 72 180 180 200
P el average [W] 65 65 180 180 65 65 50 180 180 150
EU runtime 3000 4900 3000 4900 4900 4900 4900 4900 4900 4900
Wh/year 195E+3 319E+3 540E+3 882E+3 221E+3 319E+3 319E+3 247E+3 882E+3 882E+3 735E+3 346E+3
index (kWh/Phydr) 16.7 27.2 16.7 27.2 18E+0 27.2 27.2 21.2 27.2 27.2 22.7 27E+0
extra costs (€) 0 0 0 0 40 40 40 40 40 40
PP 40.0 40.0 100.0 100.0 42E+0 140.0 140.0 175.0 240.0 240.0 275.0 147E+0
OE 27E+0 42E+0
LCC 327E+0 592E+0
SPP 000E+0 1E+0

option AB - improved
+ speed control
ETA [%] 20 20 20 20 20 20 20 20 20 20
P hydr 11.7 11.7 32.4 32.4 0 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 59 59 162 162 59 59 58 162 162 162
P el average [W] 41 41 113 113 41 38 38 113 105 105
EU runtime 3000 4900 3000 4900 4900 8760 8760 4900 8760 8760
Wh/year 123E+3 201E+3 340E+3 556E+3 139E+3 201E+3 333E+3 332E+3 556E+3 922E+3 922E+3 351E+3
index (kWh/Phydr) 10.5 17.2 10.5 17.2 11E+0 17.2 28.5 28.5 17.2 28.5 28.5 27E+0
extra costs (€) 55 55 55 55 55 55 20 55 55 20
PP 95.0 95.0 155.0 155.0 97E+0 155.0 155.0 155.0 255.0 255.0 255.0 160E+0
OE 17E+0 42E+0
LCC 276E+0 612E+0
SPP 6E+0 2E+0

option AD - improved
+ summer switch
ETA [%] 20 20 20 20 20 20 20 20 20 20
P hydr 11.7 11.7 32.4 32.4 0 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 59 59 162 162 59 59 58 162 162 162
P el average [W] 59 59 162 162 59 59 38 162 162 105
EU runtime 3000 4900 3000 4900 4900 4900 4900 4900 4900 4900
Wh/year 176E+3 287E+3 486E+3 794E+3 199E+3 287E+3 287E+3 186E+3 794E+3 794E+3 516E+3 310E+3
index (kWh/Phydr) 15.0 24.5 15.0 24.5 16E+0 24.5 24.5 15.9 24.5 24.5 15.9 24E+0
extra costs (€) 20 20 20 20 60 60 60 60 60 60
PP 60.0 60.0 120.0 120.0 62E+0 160.0 160.0 195.0 260.0 260.0 295.0 167E+0
OE 24E+0 37E+0
LCC 318E+0 565E+0
SPP 8E+0 2E+0

option BD - summer
switch + speed
control
ETA [%] 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2 16.2
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 72 72 200 200 72 72 72 200 200 200
P el average [W] 51 51 140 140 51 51 50 140 140 140
EU runtime 3000 4900 3000 4900 4900 4900 4900 4900 4900 4900
Wh/year 152E+3 248E+3 420E+3 686E+3 172.1E+3 248E+3 248E+3 247E+3 686E+3 686E+3 686E+3 271.7E+3
index (kWh/Phydr) 13.0 21.2 13.0 21.2 14E+0 21.2 21.2 21.2 21.2 21.2 21.2 21E+0
extra costs (€) 35 35 35 35 75 75 40 75 75 40
PP 75.0 75.0 135.0 135.0 77E+0 175.0 175.0 175.0 275.0 275.0 275.0 180E+0
OE 21E+0 33E+0
LCC 298.4E+0 529.5E+0
SPP 5.9E+0 1.9E+0
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boiler stand alone
65 W 180 W output 65 W 180 W output

Basecases boiler
(90%)

weather
(10%)

boiler
(90%)

weather
(10%)

weather (10%) no-control
(90%)

self-
control

weather
(10%)

no-control
(90%)

self-control

option BC -  PM +
speed control
ETA [%] 40 40 40 40 40 40 40 40 40 40
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 29 29 81 81 29 29 29 81 81 81
P el average [W] 20 20 57 57 20 19 19 57 53 53
EU runtime 3000 4900 3000 4900 4900 8760 8760 4900 8760 8760
Wh/year 61E+3 100E+3 170E+3 278E+3 70E+3 100E+3 167E+3 166E+3 278E+3 461E+3 461E+3 176E+3
index (kWh/Phydr) 5.3 8.6 5.3 8.6 6E+0 8.6 14.2 14.2 8.6 14.2 14.2 14E+0
extra costs (€) 135 135 135 135 135 135 100 135 135 100
PP 175.0 175.0 235.0 235.0 177E+0 235.0 235.0 235.0 335.0 335.0 335.0 240E+0
OE 8E+0 21E+0
LCC 267E+0 466E+0
SPP 7.4E+0 1.9E+0

option ABD -
improved + speed
control + summer
switch
ETA [%] 20 20 20 20 20 20 20 20 20 20
P hydr 11.7 11.7 32.4 32.4 0 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 59 59 162 162 59 59 58 162 162 162
P el average [W] 41 41 113 113 41 41 41 113 113 113
EU runtime 3000 4900 3000 4900 4900 4900 4900 4900 4900 4900
Wh/year 123E+3 201E+3 340E+3 556E+3 139E+3 201E+3 201E+3 200E+3 556E+3 556E+3 556E+3 220E+3
index (kWh/Phydr) 10.5 17.2 10.5 17.2 11E+0 17.2 17.2 17.2 17.2 17.2 17.2 17E+0
extra costs (€) 55 55 55 55 95 95 60 95 95 60
PP 95.0 95.0 155.0 155.0 97E+0 195.0 195.0 195.0 295.0 295.0 295.0 200E+0
OE 17E+0 26E+0
LCC 276E+0 483E+0
SPP 5.6E+0 2E+0

option BCD -  PM +
speed control +
summer switch
ETA [%] 40 40 40 40 40 40 40 40 40 40
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 29 29 81 81 29 29 29 81 81 81
P el average [W] 20 20 57 57 20 20 20 57 57 57
EU runtime 3000 4900 3000 4900 4900 4900 4900 4900 4900 4900
Wh/year 61E+3 100E+3 170E+3 278E+3 70E+3 100E+3 100E+3 100E+3 278E+3 278E+3 278E+3 110E+3
index (kWh/Phydr) 5.3 8.6 5.3 8.6 6E+0 8.6 8.6 8.6 8.6 8.6 8.6 9E+0
extra costs (€) 135 135 135 135 175 175 140 175 175 140
PP 175.0 175.0 235.0 235.0 177E+0 275.0 275.0 275.0 375.0 375.0 375.0 280E+0
OE 8E+0 13E+0
LCC 267E+0 422E+0
SPP 7.4E+0 2.5E+0

option CD -  PM +
summer switch
ETA [%] 40 40 40 40 40 40 40 40 40 40
P hydr 11.7 11.7 32.4 32.4 11.7 11.7 11.7 32.4 32.4 32.4
P el max [W] 29 29 81 81 29 29 29 81 81 81
P el average [W] 29 29 81 81 29 29 20 81 81 57
EU runtime 3000 4900 3000 4900 4900 4900 4900 4900 4900 4900
Wh/year 88E+3 143E+3 243E+3 397E+3 100E+3 143E+3 143E+3 100E+3 397E+3 397E+3 278E+3 155E+3
index (kWh/Phydr) 7.5 12.3 7.5 12.3 8E+0 12.3 12.3 8.6 12.3 12.3 8.6 12E+0
extra costs (€) 100 100 100 100 140 140 140 140 140 140
PP 140.0 140.0 200.0 200.0 142E+0 240.0 240.0 275.0 340.0 340.0 375.0 247E+0
OE 12E+0 19E+0
LCC 270E+0 446E+0
SPP 6.8E+0 2.0E+0
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ANNEX 2: SHORT HISTORY OF PUMP DESIGN

Early central heating systems made use of steam and, at a later stage, hot water. Circulation was
provided by gravity. High-rise buildings and higher demands for comfort induced the application
of electric pumps to assist and eventually abolish the gravity system and replace it by a pump
powered system. An unexpected counter-effect was that since the pump provided more than
enough power for circulating the water, heating systems were designed with less attention to the
pressure-differences.

Early designs to control the head and flow involved an internal bypass or choke. This meant a
considerable loss of energy because the number of working hours remained unchanged although
the heating demand was varied.

The first heating pumps with variable speed were produced by Grundfos in the early seventies.
This design was based upon changing the field characteristics of a three-fase motor by turning on
or off several windings (wye-serial, wye-parallel, delta-parallel). In the seventies, partly due to the
energy crisis, new heating systems were developend that made us of weather dependent supply
temperature and thermostatic valves. This meant that supply temperature and system flow varied
in time.

In 1982 the first pump with fully integrated automatic speed control was introduced (Grundfos
UPI). Control was induced by the supply temperature, based on the principle that during periods
of high heat demand and use of lower outside temperatures the supply temperature was increased
and full pump capacity was needed. In periods with lower supply temperature (during nights and
off heating season) the pump capacity could be lower. By this time external control units (speed
selection switches, voltage regulators and frequency converters) were also available.

In mid eighties Loewe produced the first commercially viable frequency converters (“EnReg
control”). These were incorporated in pumps as pressure-difference controls with phase-angle
speed control. Using these controls it became possible to achieve a reduction of head without the
use of overflow valves, with considerable energy savings.

In practice a constant head proved unsatisfactory because the pressure differential changes with
reduced flow. This lead to the development of pumps that reduced head according the system
curve. Energy savings through this proprtional differential pressure regulation design were even
greater.

The first pump with continous variable speed and pressure difference control was the Star-Wilo in
1987. Speed was varied through high frequency phase-angle control. The differential pressure was
“measured” not by pressure sensors but by sensing the difference (slip) between the actual rotor
frequeency and the supplied frequency.

The introduction of advanced electronics integrated in the pump meant that a wealth of
information on pump performance and controllability became available. Integration with Building
Management Systems (BMS) and wireless control (Grundfos, 1994) were foreseeable next steps.
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But it also meant that the installers were confronted with problems they had no prior experience
with, like failing electronics, electromagnetic interferences and fluctuations in the power grid.
These problems have been overcome nowadays.

Future developments point towards the direction of usage of brushless synchronised motors with
permanent magnet rotors. Problems with soiling and demagnitisation at higher temperatures have
hindered these developments although recent achievements include a mini circulator by Biral
(MC10) and a high power PM circulator by Grundfos (Grundfos Magna).
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ANNEX 3: DESIGN OF ELECTRIC MOTORS

The basic features of modern conventional AC (alternating current) and DC (direct current)
electric motors were first established in the 1890s, and the underlying technology has not changed
significantly in the past fifty years. Despite the lengthy period of time in which motors have been
in development, motors are still far from being perfectly efficient converters of electrical to
mechanical energy. The principal causes of lost power in motors come from the electrical
resistance of the wire and from mechanical friction.

As stated before motor type and speed control are closely linked to eachother. Most of the stock
of circulators are equipped with the simple but rugged asynchronous squirrel cage motors. A
recent development has been the introduction of the (synchronous) permanent magnet motor with
improved efficiency and (even more recent) switched reluctance motors.

3.1 Asynchronous motors
An asynchronous induction motor can be a single-phase or three-phase squirrel-cage AC motor.
In its simplest form this motor has one speed only, which is defined by the number of poles and
the frequency of the field. The rotor speed at full load is typically 0.5 to 5 percent lower than the
field speed in the stator. The difference in speed is referred to as the ‘slip’. The slip generates a
voltage in the windings in the squirrel-cage that generates a magnetic field that follows the field
speed in the stator. When torque is applied, the rotor speed will decrease to a level at which
sufficient voltage is generated for delivering the torque. The possible values of magnetic-field
speed in revolutions per minute are 120 f/p, where f is the frequency in cycles per second and p is
the number of poles. For a two-pole 50 Hz grid operated motor the maximum speed is 3.000 rpm.
Lower magnetic-field speeds (or rpm) can be obtained by building a motor with a larger number
of pairs of magnetic poles. Mechanical power of asynchronous motors is the product of torque
and speed. The torque is proportional to the product of the magnetic field and (the power
component of) the allowable coil current. The speed of the magnetic field in the stator of the
machine are (more or less) proportional to frequency and voltage applied. Accurate speed control
can also be provided by furnishing a controllable-voltage, controllable-frequency three-phase
supply.
Single-phase induction motors (like capacitor induction motors) work on the same principle as the
three-phase motor. The motor has two pairs of windings on its stator, the second one connected to
the supply via a capacitor, resulting in a phase-shift needed to start up the motor. Split-phase
motors and shaded-pole motors provide other ways for starting up a single-phase induction motor
but can be characterised as being less efficient.

Asynchronous motors are less efficient than synchronous motors. Asynchronous motors require
an extra sinusoidal current (lagging the power component of the current by 90 degrees) to
compensate for the magnetic field produced in the rotor by the power component. The power
current is in phase with the voltage applied to the stator.

3.2 Permanent magnet motors
In synchronous motors the magnetic field of the rotor is produced by direct current in the field
winding (connected to external supply current through slip rings and brushes) or permanent
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magnet (brushless). The stator windings need to provide only a power component of current in
phase with the applied stator voltage. This condition minimizes the electrical losses and heating in
the stator windings. A distinctive feature of synchronous motors is that the speed is uniquely
related to the supply frequency.
The stator can be supplied from a variable-frequency, variable-voltage source. For starting
capability a damper winding can be placed in slots in the rotor surface. The rotor normally rotates
at the same speed as the revolving magentic-field speed.

Synchronous motors with permanent rotors (PM motors) are becoming more and more attractive
thanks to progress made in the development of permanent magnets and the power and micro
electronics which is required for making a motor with permanent magnets rotate. There are a
number of reasons why a PM motor performs better than a conventional electric motor [14]:
§ The main reduction in losses is seen in the electric loss in the motor which will be

considerable lower because no power is required to form the basic magnetic field in the motor
since this is generated by the permanent magnets.

§ The electric loss in the power electronics depends primarily on the power that is delivered by
the electronics. As the loss in the PM motor is lower compared to conventional motors the
power electronics need not deliver quite as big power. The result is that the electric loss in the
power electronics is lower when driving a PM motor compared to a conventional motor.

§ Since the losses are lower for a permanent magnet motor the heating of the motor will be less.
This can be used either to run the motor at a lower temperature or to increase the output
power until a maximum allowable temperature has been reached.

§ Further the reduced losses in the PM motor leads to a reduced power input of the pump or the
other way round - with a given power input the PM motor will be able to supply a pump with
a higher mechanical power, thus improving the hydraulic performance of the pump.

An alternative form of the permanent-magnet motor is an eight-pole synchronous motor.
Circumferentially directed magnets provide flux to iron poles, which in turn set up a radial field in
the air-gap. This form is particulary suitable for small motors using ferrite magnets.

3.3 Switched reluctance motors
The rotor of a switched reluctance motor consists
of iron poles with no windings, the stator has poles
(f.i. six poles) each with a DC carrying coil. The
torque is delivered by switching on-off pairs of
poles depending on direction of rotation. The
torque is dependent on the magnitude of the coil
current but is independent of its polarity. The
currents in the stator coils are usually controlled by
semiconductor switches connecting the coils to a
DC source. A signal switch on the rotor shaft is
used to activate the switches at appropriate time
instants.

                                                
14 Grundfos Pump University (www.grundfos.com)
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Although the simple and robust construction of the SR motor makes it cheap to build there are
extra costs associated with the use of advanced electronic controls. Rotor position feedback or a
so-called sensorless feedback method is needed for proper control (the SR motor produces a
torque ripple that is difficult to counterbalance - advanced electronics for motor control are
therefore necessary). These costs may be limited in the near future if the current trend towards
cheaper micro electronic controls persists.

SR controllers add to the benefits since they do not need bipolar (reversed) currents, the number
of power devices can be cut by 50%, compared to bridge-type inverters of adjustable speed
drives.

The efficiency of this motor type is equal to ‘top-of-the-line’ induction motors or permanent
magnet motors. [15]

                                                
15 http://www.controleng.com/archives/1999/ctl1101.99/991102.htm
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ANNEX 4: TYPES OF SPEED CONTROL

Speed control can be achieved through either direct or indirect control of the rotor speed. Indirect
control regulates the voltage and thereby the slip of the motor. Direct control regulates the
frequency of the voltage. Indirect control is easier to achieve but introduces more electric losses.

4.1 INDIRECT CONTROL

Phase-angle control
By ‘delaying’ the current through the motor for a certain phase-angle the effective voltage is
continuous variable. A lower effective voltage weakens the magnetic field. A weaker magnetic
field produces a higher slip and consequently a lower speed. Unfortunately the higher slip also
increases electrical losses in the squirrel cage (the temperature rises).

Puls cascade control (for asynchronous single-phase motors)
In puls cascade control (or half-cycle phase-angle control) a triac
cuts off some half-cycles. The ratio of cut-off half-cycles can be
varied. By cutting off more half-cycles the effective voltage
(RMS) is reduced, causing the motor to run on a lower speed.
Speed can be controlled from 40 to 100%.

4.2 DIRECT SPEED CONTROL

Frequency conversion
Frequency converters convert the fixed voltage and frequency of the supply mains to a variable
voltage/frequency enabling speed control of motors (in order to ensure a correct motor
magnetization it is also necessary to change the amplitude of the voltage). No noticeable
reduction of efficiency takes place. Consequently, this way is much more attractive than e.g.
phase-angle control which results in considerable energy loss.

It must be ensured that applications requiring constant torque on the shaft (e.g. conveyor belts) are
supplied with a voltage with a constant ratio between voltage (U) and frequency (f). On the
contrary, for pump applications characterized by strongly dropping load torque of the motor when
speed is reduced, the U/f-ratio should be variable, allowing the voltage to drop more than the
frequency when speed is reduced. The result is a smaller energy loss in the motor and
consequently a more energy-efficient operation when speed is reduced.

The components of the frequency converter
1) Power Electronics

a) RFI filter (Radio Frequency Interference): in order to meet the requirements of the EMC
Directive of the EU.

b) Rectifier: In the rectifier the mains AC voltage is converted to a DC voltage. The transfer
of energy from the rectifier to the intermediate circuit capacitor is "lumpy" happening at
relatively short intervals (2 - 5 ms). As a consequence, the mains current to the frequency
converter is not sinusoidal which is the case e.g. if the asynchronous motor is connected
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directly to the mains. The mains current of a frequency converter consists of relatively
short current pulses with a relatively high amplitude.

c) Intermediate Circuit Capacitor with Series Coil: The intermediate circuit capacitor is an
"intermediate storage" in which the rectifier stores energy from the mains and from which
the inverter retrieves energy for the motor. Between rectifier and intermediate circuit
capacitor is a choke coil which is to smooth out the above-mentioned "non-sinusoidal
mains current" and at the same time reduce the
maximum value of the charging current.

d) Inrush Circuit: to protect the intermediate circuit
against overvoltage and prevent strong peak current
in the mains.

e) Inverter: The inverter consists of transistors
(electronic switches) which are "switched on/off"
by control signals from the control electronics. The
transistors are activated using a high frequency (approx. 18 kHz) of a suitable pattern. By
means of square-wave pulses an ac voltage is then produced of a variable frequency (fm)
and a variable voltage (Umotor).

2) Driver and control circuits
a) driver circuit: The driver circuit switches the transistors on and off in a safe and

unambiguous way in order that these are not stressed by too high voltage, current or
power.

b) sinusoidal modulator: in the sinusoidal modulator the on/off pattern is generated which
must be transferred to the transistors in the inverter by means of the driver circuits in
order to obtain the desired output voltage to the motor.

c) measuring circuit: The measuring circuit measures current and voltage in the power
electronics part on a running basis in order to control and monitor its functioning. Also,
the measurements form the basis of readouts of actual current and power input from the
mains and reading of motor related parameters such as cos j.

d) processor: The processor takes care of the overall control of the frequency converter such
as up/down ramping of frequency, start/stop signal, motor protection and error handling.
At the same time the processor also takes care of the control task connected with the
pump application. Also all communications (internal and external) are handled by the
processor.

e) interface: converts incoming and outgoing signals and protects internal circuitry.

Whereas early frequency converters were sold separately the current trend is to integrate these
converters with the pump. This results in improved general reliability, lower costs and improved
EMC compliance. Typical frequency converters for asynchronous motors require a power demand
of approximately 3 Watts [16].

                                                
16 Klein-Uwälzpumpe mit hohem Wirkungsgrad, Bundesamtes für Energiewirtschaft. Nov 1994
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ANNEX 5: SYSTEM PARAMETERS FOR SPEED CONTROL

The actual power input of the pump is directly linked to the pump speed: the lower the speed, the
lower the power input. Therefore it is advisable to run the pump on the lowest speed advisable
whenever possible. How can a circulator detect when it is advisable to lower its speed?

5.1 The basics
A reason for continuous adjustment of pump speed originates from current central heating design
featuring thermostat controlled radiator valves. The opening (or closing) of valves changes the
system parameters and the hydraulic workload.

A circulator is meant to deliver a certain hydraulic workload, determined by the head and flow
(2.7 * Q * H). The head and flow and thus the hydraulic workload depend on the pump speed.
The parameters that influence the hydraulic workload of electric pumps are dependent on
parameters such as tube resistance, hydraulic resistance, viscosity and fluid inertia. The tube
resistance depends on the velocity of the fluid in the pipes i.e. the pump speed.

The flow rate changes proportionally to the speed:
Q1 n1

       =        
Q2 n2

The head changes to the second degree to the speed:
H1 n2

1

       =        
H2 n2

2

The hydraulic power (Q*H) changes to the third degree
with the speed: doubling pump speed increases the
hydraulic workload eightfold.
P1 n3

1

       =        
P2 n3

2

Explanation of graph
At first time installment of a pump the installer calculates a certain
working point of the pump using the system curve and the required
flow rate Q (m3/h) and head H (m). Pumps are usually chosen too big
(“Just to be on the safe side”) for their intended working point: the
installer would prefer pump A, with Q=115% (see example to the
right). If he would choose a pump that is dimensioned 15% too small
(Q=85, pump B) instead, the system performance would be only 3%
less than calculated, but energy savings around 40 to 60 % are achieved
[ikz art_1495]. With a smaller pump the risk of flow-generated noise is
also reduced.
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The three foremost ways of controlling the working point of the circulator are:
- differential pressure;
- temperature;
- time.

5.2 Differential pressure
Differential pressure control is either “’constant” or “proportional”. Proportional control evens out
the effects of a lower pipe resistance at lower speeds: the speed is further reduced while
maintaining system performance.

Speed control by proportional differential pressure is applicable to heating systems with a variable
volume (thermostatic radiator valves). Uncontrolled pumps increase the head when valves close.
This might lead to flow-generated noise and
unnecessary power input when heat demand is low.

Differential pressure does not need to be measured in
the pumps. By comparing the time difference between
the zero-crossing of the voltage and current wave with
the built-in pump characteristics the controller CPU can
determine the head and flow produced by the pump and
adjust the pump performance according to the setpoint.

In heating systems with a constant volume (with a three-way by-pass valve at the radiator) the
application of differential pressure control of continuous variable speed pumps is not useful.
Regardless the heating performance the pump will function at a constant working point (the head
and flow do not shift along the pump curve). Temperature dependent speed control can be useful
in these systems, provided that the flow temperature decreases during night-time operation.

5.3 Temperature
Temperature control can be very useful for buildings that have central heating with lower
nighttime temperatures and thermostat operated valves. The lower flow temperature at nighttime
will open the valves, increasing the flow. A differential pressure controlled pump would then
increase its speed to keep the head constant, which would result in higher energy consumption. A
temperature sensor senses periods of low temperature of flow and overrides the effect that the
opening of valves may have on the speed control: the speed is not increased but decreased. An
example is the automatic “night-time duty” of the Grundfos Alpha.

Another application of continuous variable pumps with temperature control can be found in
maintaining a certain preset temperature difference. During periods of low heat demand the
temperature difference will decrease. The pump can lower the flow to a point that the preset
temperature difference is reached. This type of control only applies to systems where the “users”
have a similar heat demand. The lower flow reduces the heating performance of all the users
connected to the heating system simultaniously.
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5.4 Timer controlled
Timer controlled pumps allow for swichting to certain speed settings during given hours, like day-
night operation, weekend operation, holiday operation. One example of a seperate timer is the
Grundfos IS-3. This timer switches the pump on during heat demand. It runs for 5 sec. at
maximum speed, before slowing down to the preselected pump speed. The post heat demand
runtime is set at 15 minutes. The timer also offers a no-frost routine in which the pump is
switched on for 5 min. every 4 hours.

Timer control is also very useful for buildings that have central heating with lower nighttime
temperatures and thermostat operated valves. The lower flow temperature will open the valves,
increasing the flow. A differential pressure controlled pump would increase its speed to keep the
head constant, which would result in higher energy consumption. The timer can override this and
reduce the pump speed.


