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 But that isn’t all; energy supply companies also 
expect a very good efficiency. After all, every kW 
not consumed by the pump – which is in operation 
around the clock – can be sold to their clients. 

Turbine drives pump

The pump is driven by its own steam turbine with 
continously variable speed control. The turbine 
has a power rating of 44 MW and is equipped 
with two shaft ends (Fig. 2). One shaft end is 
directly coupled to the CHTA pump. 
 The other, on the opposite side of the turbine, 
drives a YNK 500/800 booster pump which sup-
plies the main pump with the necessary inlet pres-
sure (Fig. 3). The booster is not coupled to the 
turbine direct but to a gear which reduces the 

The new power station is situated in the immedi-
ate vicinity of the open-cast lignite mining sites 
in the Cologne / Aachen area. Its power output 
of 1000 MW and a net efficiency of 43 % make 
it the world‘s most modern and efficient power 
station. To achieve such an excellent perform-
ance, all components of the power station unit 
had to be perfectly matched to the process as a 
whole. The CHTA is a so-called “hundred percent 
pump”. This means that it is not backed up by 
a stand-by pump. Plant outages are every power 
station operator’s nightmare because of the im-
mense costs involved. The pump, therefore, has to 
be very hard-wearing, insensitive to extreme duty 
conditions, and provide reliable service for long 
periods at a time without maintenance. 

Pumps

With its 40,000 kW drive rating, the CHTA 140/5 feed pump for Unit K, 

the latest addition to the Niederaussem lignite-fired power station near 

Cologne, is the largest feed pump KSB has ever built (Fig. 1). There is 

just one other pump unit of this size in the world today. 

The Gentle Giant of 
Niederaussem

 Dipl.-Ing. Thomas Elsässer

Dipl.-Ing. Bernhard Brecht

 Dr.-Ing. Sven Baumgarten

Brackwasser: Mischwasser aus Salz- 

und Süßwasser

RO: Umkehrosmose, engl.: Reverse 

Osmosis (Ro)

Fig. 1: Assembly of the CHTA 140/5 for 

Niederaussem
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Cavitation: The term is 

generally used to describe the 

formation and subsequent im-

plosion of cavities in a fluid 

(from the Latin “cavus” = hol-

low space).

NPSHA: The energy provided 

by the system immediately up-

stream of the pump, expressed 

in metres.

speed at a ratio of 3.5 to 1. Running up and low 
flow operation are normally taken care of by two 
electric motor-driven start-up pumps, each with 
an output of approximately 35% of that of the 
CHTA. During these phases of operation, the 
main boiler produces too little steam to operate 
the turbine. In exceptional circumstances, the 
steam needed to start up the pump and run up 
the unit whilst the pump is still cold can also be 
supplied from an auxiliary boiler. 

Special vane profile required

As the pressure in the system can change enor-
mously in response to the operating conditions 
of the power station unit, the first stage with its 
impeller is the most sensitive section in every  
boiler feed pump. The plant operator’s specifica-
tion called for a minimum of 50,000 hours of op-
eration without cavitation-induced wear. To meet 
this requirement, a special vane profile needed 
to be developed for the suction stage impeller. 
Numerical flow modelling was used to design an 
impeller that would allow the pump to be oper-
ated without cavitation across the entire relevant 

Pumps

operating range and with a sufficient safety mar-
gin from the system’s NPSHA.
 A number of special components had to be 
designed to meet the taxing demands made on 
the pump set. The floating ring seal is a case in 
point. This type of seal is very reliable, even at 
peak running speeds of 50 m/s and more, which 
are common on high specific speed pumps. Other 
exceptional features of the seal are its thermal 
characteristics and the way these positively affect 
the pump’s operation. We will come back to this 
aspect later.

Fig. 3: A YNK 500/800 booster pump 

supplies the main pump with the neces-

sary inlet pressure.

Fig. 2: Simplified schematic of the steam 

turbine and the two pumps.

How does cavitation develop? Cavitation occurs when, as a result of hydrodynamic processes, 

the pressure in a flow of liquid drops below a given critical pressure and causes the liquid to evaporate, 

thereby giving rise to vapour bubbles (“vapour pressure”). When the vapour bubbles move with the flow 

into an area of higher pressure, they collapse due to the sudden reverse phase change (condensation). 

Their implosion near component surfaces may cause major damage to the material.

techno digest No. 9, March 2004  © KSB Aktiengesellschaft   
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(where n is expressed in  [min-1], H in [m] and 
Q in [m3/s])

 In terms of efficiency, total construction ef-
fort and cavitation properties, this value is very 
favourable for a high-pressure pump of this kind. 

Fig. 4: CHTA 140/5 boiler feed pump at 

the Niederaussem power station (Unit K) 

Hydraulic design

At the 100 % duty point, the main feed pump 
is expected to have the following performance 
data:

100% duty point: The  

power station operates at 

100% rated load.

TÜV point: The point at 

which the safety valves are ac-

tivated.

Tapping: Withdrawal of a 

partial flow at lower pressure.

Flow rate m = 698 kg/s (Q = 2898 m3/h)

Pressure increase p = 285.7 bar (H = 3361 m)

Temperature t = 198.4 ºC (p = 867 kg/s)

Speed n = 4620 min-1

Power P = 26.47 MW

Efficiency  = 86.9 %

At the so-called “TÜV point”, the pump set 
reaches a maximum speed of n = 5217 revolu-
tions per minute. It delivers hot water at a rate of 
893 kg/s and has a power input of just under 42 
MW (around 2 MW of which are required for 
the booster). The total head is divided among 
five stages, with a tapping  downstream of the 
first stage. As far as the hydraulic designs of the 
impeller and the individual stages are concerned, 
this gives us a specific speed of:

nq = n • 
H St 

0.75

Q√
= 31 

Fig. 5: Suction stage impeller (schematic)

•

“Outer” 
streamline
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Main duty points: Points 

on the characteristic curve 

where the pump is mostly op-

erated.

NPSHi: Incipient cavitation. 

Pumps

NPSHR: The NPSH required 

(R) by the pump.

Fig. 6: Simulated flow patterns inside an impeller

Fig. 7: Computed pressure distribution (example)

p: Static contour pressure
p

0
: Reference pressure (const.)

p
12

: Circumferential speed

Fig. 5: Suction stage impeller (schematic)

Vane pressure side (PS)

Vane suction side (SS)
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these conditions, even impellers made of high-
grade materials will soon begin to show signs of 
damage if subject to the slightest cavitation. So, 
in order to guarantee the lifetime specified, the 
designer must make sure that the pump set can 
be operated at the main duty points without any 
risk of cavitation:

NPSHA  >  NPSHR  =  NPSHi 

Consequently, the main criterion for designing the 
suction stage impeller is to develop a geometry 
that will ensure non-cavitating pump operation. 

Under design aspects, the hydraulic elements of 
the pump can thus be regarded as unproblematic. 
The geometries of the impellers and diffusers of 
stages two to five were taken from time-tested 
older pump models and converted to the required 
sizes on the basis of the affinity laws. There were 
some minor modifications to be made to the hub 
to accommodate the increase in shaft diameter 
on account of the higher drive rating.

The suction-stage impeller

The most “critrical” pump element from the point 
of view of fluid dynamics is the so-called suction, 
or first stage, impeller. The specification stipulated 
a guaranteed minimum period of operation of 
50,000 hours without cavitation-induced wear. 
Cavitation, or rather the damage it does in the 
form of cavitation erosion and corrosion, is a  
major area of concern for the operation of turbo-
machinery. Numerically speaking, the phenome-
non is expressed by the so-called NPSH value. It 
is governed by the following relationship: 

NPSHA  (system)  ≥   NPSHR   (pump)

The NPSHA value denotes the energy made avail-
able by the system immediately upstream of the 
pump. It is expressed in metres and already takes 
into account the pumped fluid’s vapour pressure, 
which is why it is commonly referred to as Net 
Positive Suction Head. It must not be confused 
with the NPSHR value of the pump, i.e. the energy 
required at the pump’s inlet to avoid cavitation 
altogether or at least prevent it from damaging 
the pump internals. The NPSH “required” by a 
pump depends on the properties of the impeller 
material and on the velocity of the flow in the 
impeller inlet area. The latter results from the 
circumferential speed u11a at the outer impeller 
inlet diameter. It is a linear function of the speed 
of rotation (Fig. 5):

u11a =   π • D11a • n

It has a major influence on the so-called material 
loss rate VA, which is an indicator of the erosion 
phenomena caused by cavitation. Previous expe-
rience has shown that the material loss rate will 
become extremely high at circumferential speeds 
(u11a) of more than 70 metres per second. Under 
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Electric discharge ma-
chining (EDM): A tech-

nique used to shape metals 

in which metal is removed, 

a minute amount at a time, 

as sparks pass between the 

electrode of the tool and the 

workpiece in the presence of 

a non-conductive (dielectric) 

fluid.

Pumps

Fig. 8: Cavitation test bench 

Simulating flow in the impeller

At the blueprint stage, the design properties were 
demonstrated by means of numerical flow analy-
sis. The findings were then verified experimentally 
by cavitation testing. The design tool used for 
this is a method of numerical flow modelling on 

Fig. 9: Results of a “bubble visualization test”

the basis of three-dimensional Euler equations. It 
simulates the flow patterns inside the impeller and 
provides information on the local pressures and 
velocities occurring at any point of the impeller 
channel (Fig. 6).
 The method is known to provide accurate 
data for this type of project and is a very good 
compromise between speed and reliability. Fig. 7 
shows an example of this kind of analysis.
 After a series of optimization runs has pro-
duced the final contour, the “ideal” geometry has 
to be translated into the actual component with 
the highest possible degree of accuracy. To do this, 
the inlet areas of oversize vane blanks are reduced 
to their final dimensions using electric discharge 
machining tools.

Cavitation testing

To verify that the suction stage impeller actually 
gives non-cavitating operation at the “critical” 
duty points, the impeller was installed and tested 
as a single-stage pump on a cavitation test bench 
(Fig. 8) specially built for this purpose. On the 
inlet side of the impeller the test arrangement was 
fitted with a replica of the original suction elbow 
which featured a plexiglass window to allow the 
flow behaviour to be studied close up. 
 The observed NPSHi  values had a sufficient 
safety margin from the NPSHA values and agreed 
very well with the computed values (Fig. 9). The 
plotted NPSHA values mainly resulted from the 
head of the booster pump (converted to the condi-
tions of the test arrangement) whose main task it 
is to increase the pressure to the level required by 
the high-speed main pump immediately upstream 
of the suction impeller.

The rotor

The main purpose of the rotor is to transmit the 
power transmitted by the drive turbine to the 
pump shaft to the impellers. These are mounted 
on the shaft by way of a rigid and wear-resistant 
connection (Fig. 11, part 1). The pressure distribu-
tion around the impeller gives rise to a hydraulic 
axial thrust (Fig. 10) which is transmitted to the 
shaft by means of a separate split ring for every 
impeller. 
 The axial thrust, which increases in intensity 
from one impeller to the next and can eventually 
reach a maximum value of 240 tons, is reliably Fig. 10: Axial thrust balancing

(E3D analysis)

(Bubbles on suction side)

(Head breakdown)

techno digest No. 9, March 2004  © KSB Aktiengesellschaft   
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Oil-lubricated 
thrust bearing
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Fig. 11: Main lines of force acting on the stationary components

balanced by a doubled drum (Fig. 11, part 2). 
Thanks to its hydraulic properties, the double 
drum is capable of permanently reducing the 
forces acting on the thrust bearing. The thrust 
bearing is thus protected against overloading even 
in the event of sudden transient load changes.

The shaft bearings

Grooved multi-lobe plain bearings were selected 
as radial bearings based on the positive previous 
experience with this type of bearing in terms of 
load-carrying capacity and dynamic properties 
(Fig. 11, part 6). Like the thrust bearing, the plain 
bearings are lubricated with pressurized oil sup-
plied from the turbine’s oil supply system. The 
tilting-pad thrust bearing for load in either axial 
direction (Fig. 11, part 7) is reliably protected 
against a sudden reverse of the residual axial 
thrust . Together with the balancing properties of 
the double drum, the bearing effectively protects 
the pump against overloading and the harmful 
effects of sudden load transients.

The stationary components

What is most striking about the CHTA 140/5 on 
first sight is probably the pressure boundary. It 
consists of a forged barrel casing (Fig. 11, part 8) 
and a cover (Fig. 11, part 9) which – securely 
located by the main tie bolts (Fig. 11, part 10) – is 

Reverse of residual ax-
ial thrust: The residual axial 

thrust in the thrust bearing 

acts in the opposite direction.

Load transients: Changes 

over time in the pump‘s load 

condition during operation.

 

designed to retain the internal pump pressure. The 
tie bolts are tightened with a hydraulic tensioning 
tool. This allows the bolts to be tightened unaf-
fected by torsion or flexion moments. The bolts, 
which have to withstand higher loads than any 
others in the entire pump, can thus be designed 
with the required reliability. 

Taking on 3760 tons

The pressure forces generating the axial thrust 
on the rotor also have an effect on the station-
ary parts. For the main tie bolts, which have to 
secure the cover against the internal pressure, this 
means they have to withstand a maximum load of 
3760 tons ! A spring element, the compensator, 
provides a sufficient level of preloading of the 
internal components to keep them locked in place 
even during a phase of low internal pressure. It 
also compensates the different degrees of longitu-
dinal expansion of the pump internals and barrel 
as a result of the uneven temperature distribution 
typically occurring during transient load changes. 
In a hot shock situation  these differences can 
measure several millimetres in length, which have 
to be balanced without affecting the installation’s 
availability or causing damage. As the pump gains 
speed, the internal pressure increases the rigidity 
of the pump components. The lines of action of 
the internal forces are crucial for the vibration 

Hot shock situation: The 

cold pump is suddenly tra-

versed by hot feed water at a 

temperature of 200 °C.  

techno digest No. 9, March 2004  © KSB Aktiengesellschaft   
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characteristics of the pump running at full load. 
As well as a low-excitation hydraulic system an 
undivided line of action of the internal forces is of 
major importance (Fig. 11). If the bearing forces 
can be separated from the hydraulic forces on 
entering the barrel, this will greatly benefit the 
pump’s operating behaviour. One of the advan-
tages of the low vibration level was that the pump 
produced so little noise that the originally planned 
sound-absorbing cover proved unnecessary. The 
static seal elements required to seal off the pres-
sure to atmosphere are designed as profile rings 
capable of sealing off 500 bar pressure maximum. 
Their sealing action is directly linked to the sur-
rounding system pressure. It causes the sealing 
lips to be pressed against the components to be 
sealed off. No other forces are needed to achieve 
the sealing effect. A further advantage of this seal 
type is that it does not reduce the joint pressure 
other parts need for their sealing function, for 
example the metal-to-metal sealing of the stage 
casings.

The shaft seal

In recent years, many power station owners and 
operators have learned the hard way that of all the 
parts of a feed pump, shafts seals in particular are 
highly sensitive components. They can make or 
break the availability of an entire power station. 
Since floating ring seals have been giving many 

2 x 100 %
Cooler

2 x 100 %
Filter

2 x 100 %
Barrier condensate 

pump

1 x 100 %
Condensate pump

Level
min/max

BARRIER-
CONDENSATE-

TANK

∆T
10...15 ºC

p = 40 bar

∆T
10...15 ºC

FEED WATER PUMP
T = 200 ºC

Fig. 12: Barrier condensate cycle of the floating ring seal

years of reliable service in the older units of the 
Niederaussem power station, this seal type was 
selected for the turbine-driven CHTA in the new 
Unit K as well. 
 In the seal, the pressure is relieved from suction 
pressure to atmospheric pressure along a multi-
stage throttling distance made up of “floating 
rings”. Depending on the pump’s duty point, 
the pressure drop can be as high as p = 40 bar. 
As the pumped fluid flows through the annular 
gap between shaft and floating ring, it assumes 
a carrying quality which causes the ring to float 
(non-contacting principle). To stop the flow of hot 
water from the pump into the seal from evaporat-
ing in the process, and to prevent the throttling 
rings from losing their carrying function as a con-
sequence, the system has to be sealed off with 
cold water. The cold water is injected at the end 
of the first throttling section. The injection rate 
is controlled by a regulating valve positioned at 
the inlet. As the cold condensate is mixed with the 
hot feed water from the pump, the heating rate 
of the total flow of leakage can be measured and 
the measured value taken as a parameter for con-
trolling the valve. The leakage flows into a tank 
with level monitoring and is fed from there into 
the condensate system. Two 100 % pumps (one 
duty, one stand-by) supply the seals with barrier 
condensate, even if either pump fails. A simplified 
schematic of the barrier condensate cycle of the 
floating ring seal is shown in Fig. 12.

Planned maintenance intervals 
of 3 to 5 years

Whenever the CHTA pump shaft is turning, i.e. 
also when it is used in turning gear mode, the 
barrier condensate system has to be in operation 
as well, because that it is the only way to stop the 
rings from coming into contact with the rotat-
ing shaft. After all, with planned maintenance 
intervals of between three and five years, the shaft 
seal system has to be absolutely dependable. Dur-
ing the commissioning phase of the feed pump, 
the thermal characteristics of this shaft seal type 
proved particularly valuable. As there is always 
a fluid flow in axial direction through the section 
of the shaft where the floating ring seal is located, 
hardly any thermal stratification develops in this 
area. A system equipped with a mechanical seal 
would respond differently. It would require jacket 

Turning gear mode: Any 

standstill of a hot water pump 

of this size results in tempera-

ture stratifications of the fluid 

pumped. With tolerances as 

close as they are, the tem-

perature differences will cause 

jamming of the shaft and float- 

ing ring seals. The drive tur-

bine is, therefore, equipped 

with an electric motor to keep 

the pump moving at approxi-

mately 100 revolutions per 

minute.

Low-excitation hydrau-
lic system: A hydraulic 

concept that ensures that the 

– design-inherent – interaction 

between rotating impeller and 

stationary diffuser produces 

only minor vibration excitation 

or none at all.
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and circulation cooling, and the cold medium  
(t = 60 °C) used by both cooling systems would 
continually create new temperature stratifica-
tions on being mixed with the hot feed water  
(t = 200 °C). Temperature differences of this kind 
develop above all when the pump is run in turn-
ing gear mode and may cause shaft deflection 
and / or deformation of the pump casing. The 
joint action of these effects can lead to such severe 
distortion that the rotor may run against the cas-
ing in less than a minute. Typical consequences 
are overloading and failure of the turning gear. 
When this happens, the pump has to be cooled 
down to a much lower temperature so that the 
deformation is reduced and the rotor can turn 
without touching the casing. These processes are 
of paramount importance for the availability of 
a feed pump. 

A “well-tempered” pump

An event during the commissioning phase dem-
onstrated the excellent thermal characteristics of 
this truly “well-tempered” pump. Due to a fault 
in the turbine’s control logic, the pump – filled 
with hot feed water of 180 °C – did not run for 
all of 31 minutes. After that the automatic control 
system inadmissibly returned it to service in turn-
ing gear mode. And the rotor started turning again 
smoothly! An incident of this kind would have 
normally caused any pump to break down.

Summary

With its 40 MW drive rating, the Niederaussem 
feed pump is one of the most demanding develop-

Telemonitoring accompanies commissioning: At the request of the owner / 

operator, the pump unit is monitored by means of a complex telemonitoring system 

comprising more than fifty pressure, temperature, vibration level and shaft orbit sensors. 

These transmit the data collected to the teleservice centre direct where they are stored 

in a database, ready for retrieval any time the specialists need them. Despite extensive 

prior computations, pump units of this size always require practical testing to develop 

and calibrate the most favourable models for starting up and stopping the pump. These 

models serve to optimize the cold and hot running phases in the power station, which 

improves the cost efficiency of the plant without jeopardizing its availability. Based on 

the data supplied by the sensors, the pump designers study phenomena like thermally in-

duced stresses in and deformations of pump components, as well as their effects on the 

pump‘s running characteristics. This information facilitates condition-based maintenance 

and enables pump manufacturer and plant operator to jointly determine the maximum 

permissible duty conditions of pump and peripherals. (Dr. Dirk Kollmar)

ments KSB has realized in the past couple of dec-
ades. Specially designed vane profiling provided 
the means to guarantee non-cavitating operation 
of the suction stage impeller, which was proven by 
a series of theoretical and experimental evidence. 
The system pressure, the temperatures involved 
and its high speed of rotation subject the pump set 
to extreme mechanical and thermal stresses. As 
well as the bearing arrangement and the method 
of axial thrust balancing, the real technological 
highlight of the pump is the shaft seal, a sophis-
ticated floating ring seal. The results of intensive 
in-house testing and the wealth of data obtained 
during the commissioning phase at the power sta-
tion provided ample proof that the CHTA 140/5 
meets all of the technical and economic require-
ments originally specified. 

Bild 13: Side view of the CHTA 140/5 boiler feed pump at the Niederaussem power station (Unit K)

techno digest No. 9, March 2004  © KSB Aktiengesellschaft   
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nominal diameters of the pipeline for a number 
of different flow velocities:

The pipe cross-sections of long-distance pipe-
lines are dimensioned such that the velocity of 
the medium pumped will not exceed two metres 
per second. At this rate of flow, the ratio that 
the hydraulic pressure losses bear to the initial 
investment costs of pumping stations and pipe-
line is positive. It often makes sense to divide the 
total volume rate of flow between two parallel 
pipelines of a smaller cross-section. This is true in 
particular for systems handling high day rates, in 
situations where the reliability of supply is para-
mount, or where the topography of the terrain 
complicates matters. The problem of availability 
of the selected pipes on the global market in the 
huge quantities required also has to be addressed 
during the planning phase.  And, trivial as it may 
seem, it must be possible to transport each sec-
tion of a pipeline to the often difficult to reach 
construction sites. This task is greatly simplified 
by selecting lighter rather than heavy parts (Figs. 
3 and 4). In general, long-distance water transport 
systems come in two categories:

Open structure

In a so-called open system, the medium is pumped, 
section by section, from one reservoir to the next 
with a long distance in between. The long dis-
tances are bridged by a multitude of reservoirs and 
pumping stations.  So, in fact, the system consists 

From the point of view of hydraulics, pumping 
water poses the larger challenge because it can-
not be compressed like oil or gas. During start-up 
and shutdown, emergency stopping or a change 
of flow rate, the miles long pipelines are affected 
by so-called transient flow conditions. To keep 
the resultant pressure waves within controllable 
limits, the system has to be provided with very 
carefully designed surge control equipment.

Day rate dictates nominal diameter

The day rate or volume rate of flow forms the 
basis for designing a water transport system. The 
following equation is used to calculate the possible 

Systems

With today‘s technology, fluids can be conveyed through pipelines 

efficienctly and safely. Especially if the product pumped is oil or 

gas, the reliability of supply and the potential risks for the envi-

ronment are major points of concern. If the medium pumped is 

water, aspects of hygiene have to be considered.  

Long-distance Water Transport

  Dr.-Ing. Hartmut Rosenberger

Project Manager Ullrich Beil

DN = 
4Q 

 

√ πv 
Transient flow condi-
tions: Situation, between two 

periods of steady flow condi-

tions, where the volume of 

the product flowing through 

a pipeline varies with time, i.e. 

is unsteady. Unsteady rates of 

flow always go hand in hand 

with pressure variations.

Fig. 1: Basic structure of the first pumping station
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of a series of individual systems which are not 
directly linked to each other hydraulically.

Closed structure

Closed systems are altogether different. The inter-
mediate pumping stations along the line form an 
integral part of the same pipeline. This type of sys-
tem does not require buffer tanks at the intermedi-
ate pumping stations (so-called booster pumping 
stations), and it is therefore considerably cheaper 
to build than an open structure. There is no need 
for treatment facilities to remove biological impu-
rities from the water, either, and also no costs to 
be considered for maintenance and upkeep of the 
facilities. The lower hydraulic pressure losses and 
the resultant energy savings also make for a reduc-
tion in total operating costs. Against these pluses, 
there are the minuses of more intricate automation 
systems and the need for an intrinsically safe sys-
tem design. After all, a possible complete failure 
of the control and telecommunications systems 
between the pumping stations must not lead to the 
outage of the installation as a whole. The instal-
lation can only be operated manually in the low 
flow operating range. At the higher pump power 
outputs, however, or with the installation run-
ning at full load, automated monitoring/control 
and  telecommunications systems are an absolute 
must. At this level, the system conditions cannot 
be controlled manually. Despite these minuses, 
the life cycle costs of a closed system are less than 
those of open systems.

Complex but proven technology 

Numerous closed water transport systems have 
meanwhile been built all over the world. Com-
pleted around 1980, the system linking the sea-
water desalination plant in Al Jubayl and Riyadh, 
the capital of Saudi Arabia (Fig. 9), was the first 
operational closed system of its kind. It consists 
of six pumping stations, connected one after the 
other, which supply drinking water across a 450 
km distance at a normal operating pressure of 45 
bar. The technology proved to be up to the task. In 
charge of supplying the various pumps and valves, 
as well as the hydro-mechanical engineering scope, 
KSB Fluid Systems is closely involved in realizing 
such systems. The “Al Hunayy Water Transmis-
sion Project for Riyadh City” (Figs. 5-9) comprises 
a total of thirty-two booster pumps type RDLO 

 Applications

350 – 690 A and RDL 350 – 620 A2 which will 
pump 360,000 cubic metres of drinking water 
a day from a well field approx. 170 km east of 
the capital to the “Riyadh High Point” terminal. 
Four parallel dual pumping stations, some 40 to 
50 km apart, convey the required volume of water 
through two pipelines DN 1.2 m, pressure classes 
PN 25 and 16, arranged in parallel but otherwise, 

Fig. 2: Variable speed pump type RDLO for use in Al Hunayy at the test run in Franken-

thal in October 2003

Fig. 3: Dismantling joints ready for installation in the pipelines

Fig. 4: RDLO pumps in their seaworthy packaging awaiting installation
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Fig. 7: 3D view of the first pumping station

Fig. 8: 3D view of one of the booster pumping stations 

(turned clockwise by 170 degrees)
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Fig. 5: Geodetic altitudes of pipeline “Al Hunayy Water Transmission Project for Riyadh City“

Fig. 6: Function diagram of the same pipeline
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cooling, are checked.  Once all systems have been 
checked to function properly, one of the pumps of 
the first pumping station is started up in automatic 
mode by entering the volume rate of the flow to 
be conveyed and by providing the starting signal.  
The first pump is run up to full speed following 
a so-called speed ramp. As the speed increases, 
the pump is monitored closely to make sure it 
does not leave the permissible operating range . 
As soon as the flow rate exceeds the permissible 
range, a second pump, operating on the paral-
lel pipeline, is automatically put into operation. 
The now moving water fill in the first part of the 
pipeline causes the induced medium pressure at 
the inlet of the second pumping station to go up. 
Upon reaching the predefined required value, a 
variable speed pump at the second station starts 
running up. The speed and the number of pumps 
in operation will fall in line with the controlled 
variable “induced medium pressure”. As long as 
the overall installation is running up to full operat-
ing speed, this pressure is initially kept constant. 
The starting process of the first pumping station 
is, therefore, governed by the rate of flow, whereas 
all other booster pumping stations are controlled 
by means of the induced medium pressure. As 
soon as the hydraulic system has stabilized, the 
induced medium pressure is set to the value com-
puted by the system designers to increase the rate 
of flow. Conditions such as NPSHR and the power 
input of the pumps have to be considered at the 
same time. If the induced medium pressure has to 
be lowered, the control system will automatically 
increase the speed of the booster pumps. This will 
increase the volume of the product pumped. To 
be able to fine-tune the processes taking place in 
a pipeline, the means of lowering the required 

i.e. hydraulically and from a control point of view, 
operated completely separately. 
The arrangement is the best compromise between 
the anticipated life cycle costs and the cost of the 
equipment needed to provide the required reliabil-
ity of operation and dependability of supply.

Accelerating and decelerating conditions 

The first condition for starting up a closed water 
transport system is a dependable telecommu-
nications system linking the string of pumping 
stations. During the so-called pre-start phase, 
all valve positions, the inlet water level and the 
trouble-free operation of the auxiliary systems, 
i.e. cooling water supply, lubrication, venting and 

Applications  

Hydraulic gradient: Formulates the curve of the pressure loss occurring along a pipeline as the medi-

um is pumped through it. When the pipe parameters (friction coefficient, pipe cross-section) are constant, 

the “hydraulic gradient” will be a straight line with a negative gradient. 

The equation   

  (running variable x = distance in metres from the start of a 

pipeline) quantifies the friction losses to be subtracted from the head at the exit of the pumping station / 

entry into the pipeline.

 The term       

 stands for the absolute value of the inclination (or gradient) of 

the straight line. 
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Fig. 9: Map detail of the Saudi Arabian Peninsula showing the routes of several pipelines

Speed ramp: A curve show-

ing the speed as a function of 

time.

Induced medium pres-
sure: Pressure immediately 

upstream of the inlet end of 

a booster pumping station. It 

must not be confused with the 

NPSH.
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induced medium pressures is examined in detail, 
using CFD simulation, long before the pipeline 
is built. 

A power failure puts the system at risk

If the power fails as the system is running at 
full load, the inlet sides of the booster pump-
ing stations will before long be hit by a wave of 
overpressure soon to be followed by a wave of 
underpressure (Fig. 10). The two phenomena 
are interconnected and pose a grave risk for the 
entire system! Quick-opening valves can reduce 
the intensity of the wave of overpressure by let-
ting off water into the environment. The wave 
of underpressure can cause cavitation inside the 
pipeline; often, the only way to safely avoid that 
is by means of a sufficiently high induced medium 
pressure. In open transport systems, the phenom-
ena taking place at the end of a pipeline section 
do not occur with quite the same intensity. To 
run down an installation in a controlled manner, 
the process is reversed. Increasing the set induced 
medium pressure causes the speed of the booster 
pumps to go down until pumps stop. The rate of 

  Applications

Fig. 10: Profiles of the pressure waves set into motion when all pumping stations fail at once at Q = 2.1 m3/s

flow drops in the process and the system comes 
to a standstill.

Summary

Closed water transport systems are the state of 
the art in the field of pipeline engineering. As they 
do not require intermediate tanks or the water 
treatment facilities connected with them, they are 
cheaper to build and their life cycle costs are lower 
than those of open systems. The drawbacks are 
the more elaborate surge control and telecontrol 
equipment. But, using some of the information 
and control technologies available today, these 
problems can be solved and the advantages of the 
closed system then outweigh these drawbacks.  

Examples of projects with KSB Fluid Systems participation:

Type of system Project Country Length of pipeline  
  Closed:   Mekhe    Senegal   200 km

  Closed:   Al Hunayy   Saudi Arabia   175 km

  Open:   C319   Libya   16 and 38 km

  Open:   Hofuf   Saudi Arabia   140 km
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heating circuits are characterised by the following 
features:
 - In any conventional heating circuit, both the 
circulation pump and the control valve operate 
independently, without coordination between 
the two components. System knowledge about 
hydraulic conditions in the heating circuit is not 
available. It may happen, therefore, that some of 
the hydraulic energy produced by the pump is de-
stroyed by valves and differential pressure control 
elements elsewhere in the heating circuit.
 - Conventionally designed main distributor 
set-ups produce a constant volumetric flow rate 
through the consumer installations. As a result, 
part-load conditions – which make up more than 
90% of the operating period – result in the pump 
handling cold return water most of the time.

The main distributor of a heating circuit com-
prises several control components such as the 
circulation pump and the control valve, which 
are connected by pipes.
 The circulation pump transports the hot wa-
ter from its source to the consumer installations, 
whereas the control valve adjusts the volumetric 
flow rate pumped through the consumer instal-
lations. In this regard conventionally operated 

The new BOA-Systronic system solution supports supply temperature control 

in heating circuits by opening up a previously unused potential for electrical 

energy savings in the operation of the circulation pump (fig. 1).

Saving Energy by Pump   
Management

 Dipl. Ing. Joachim Diede

 

The savings realised by BOA-Systronic result from knowledge about the hydraulic conditions in the heating circuit. They are 

completely independent from differential pressure control of the circulation pump. With BOA-Systronic, differential pressure 

control of the circulation pump stays as before.

Fig. 1: Comparison be-

tween conventional main 

distributor and BOA-Sys-

tronic

Supply: In principle, all pipes feeding hot water to the consumer installations form the 

supply side of the heating circuit. The temperature of the volumetric flow required for 

control is measured on the supply side of the main distribution branch. The hot water 

gives off most of its thermal energy in the consumer installations (radiators) and returns 

to the energy-generating device as cold return flow. These pipes are called return pipes. 
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Electrical power input 
of circulation pump: 
 

The constant describes the ef-

ficiency of circulation pump 

and frequency inverter as well 

as water density and accelera-

tion due to gravity.
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 - The discharge head of the circulation pump 
in conventional systems remains constant and is 
independent from the actual load, i.e. independ-
ent from the ambient temperature. Only under 
the influence of external heat load can energy 
savings be realized, depending on the set pump 
characteristic p = constant or p = variable.
 - If several conventional heating cir-
cuits are fed by a main distribution line, the 
static hydraulic balancing for each heating 
circuit must be coordinated manually.   

System idea

An analysis of this situation resulted in the BOA-
Systronic system concept, with the clearly defined 
benefit of reducing the operating costs of the  
heating circuit.
 BOA-Systronic coordinates the operation of 
circulation pump and control valve. Depending 
on the control signal of the higher-level controller 
the two control valves BOA-CVE SuperCompact 
provide the resulting volumetric flow rate, which 
is pumped through the consumer installations. At 
the same time, the appropriate discharge head 
setting is transmitted to the variable speed drive 
of the circulation pump.
 BOA-Systronic thus transforms the conven-
tional hydraulic system into a system with variable 
volumetric flow rates, and adjusts the discharge 
head of the circulation pump to this reduced volu-
metric flow rate via its system control curve. To 
reduce the volumetric flow rate, the supply tem-
perature must be increased, which is done by the 
higher-level controller by increasing its setpoint. 

 This results in hydraulic savings regarding both 
volumetric flow rate Q and discharge head H, 
whose product is proportional to the correspond-
ing electrical input power savings of the circula-
tion pump. The result is a reduction in power 
consumption and thus operating costs for the 
circulation pump.
 Static hydraulic balancing at the main dis-
tributor is part of the automated initialisation 
and reduces commissioning costs for the heating 
circuit. When a heating circuit with conventional 
main distributor is commissioned, the temperature 
difference between supply and return is set for the 
design point using the hydraulic balancing valve, 
usually by throttling this valve. The pressure drop 
across the valve may amount to several tenths of 
bar. With BOA-Systronic, this step is dispensed 
with.
 This transformation into a system with vari-
able volumetric flow presupposes that the partial 
volumetric flows are hydraulically decoupled and 
that information about the required flow rates in 

Constant volumetric flow rate 
through the consumers: results from the 

hydraulic design of the 3-way valve. Without the 

influence of external heat load, the volumetric 

flow rate pumped through the consumers by the 

circulation pump is constant for all operating 

points, i.e. the circulation pump always delivers 

the nominal volumetric flow rate calculated for 

the design point, independently from the ambi-

ent temperature. Only when external heat load 

is acting on the consumers will the level of this 

nominal volumetric flow rate be changed by the 

control function of the thermostatic valves.

BOA®-CVE SuperCompact: Automated control and shut-off valve for HVAC  

applications with smart electric actuator. The valve is produced in nominal sizes from  

DN 20 to DN 150 and nominal pressure class PN 6/10/16. Thanks to its compact design, it 

is the smallest and lightest valve of this pressure class manufactured in series production 

today, enabling the space-saving design of air-conditioning and heating systems. Due to 

its low weight, the valve is easy to install and handle. The self-calibration feature of the 

actuator is another benefit, which does away with the adjustment of limit switches.

BOA-Systronic components (from left to right): BOA-Control IMS and two BOA-CVE 

control valves, with control unit (Systrobox) mounted on the main control valve. The 

measuring computer is not included in the BOA-Systronic system.

techno digest No. 9, March 2004  © KSB Aktiengesellschaft   
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the heating circuit is available. For this reason, 
BOA-Systronic comprises three valves (fig. 1). The 
two control valves BOA-CVE SuperCompact are 
used for adjusting volumetric flow through the 
consumer installations depending on the actual 
load (ambient temperature). The valve BOA-Con-
trol IMS is used here to measure the volumetric 
flow rate in the return line of the main distribu-
tor of the heating circuit during commissioning. 
This measuring signal is used to determine the 
discharge head of the circulation pump for the 
design point as well as the system control curve 
and thus the hydraulic resistance of the heating 
circuit. The measuring valve remains fully open 
both during commissioning and over the entire 
operating range and – due to its very low -coef-
ficient – operates like another piece of pipe.  

Control

Supply temperature control remains the task of 
the higher-level controller. Input signals for this 

Fig. 2: Comparison of volumetric flows 

(example)

-coefficient: describes the 

resistance a valve offers to the 

fluid passing through it. The 

-coefficient depends on the 

valve type and design.

BOA-Control® IMS: The valve measures volumetric flow rates independently from valve travel positions and minimum differential pressures. 

Unlike on conventional valve models, the measurement accuracy is constant across the entire valve travel. The measuring signal is transmitted to a 

signal converting unit (BOATRONIC). Valves of this kind are often insulated, and any identification on their bodies may be difficult to read. After 

start-up, the computer display therefore first shows the nominal diameter of the connected valve. The operator can then choose via two arrow 

keys whether the current flow rate in m3/h is to be indicated or the temperature of the fluid handled in C°. Volumetric flow rates can be checked 

within a matter of seconds in this way. BOA-Control IMS, which has a linear characteristic curve, can also be used as a shut-off valve. Thanks to a 

travel stop with a protective cap, the valve can be set exactly to its original position once the shut-off process has been completed.
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Q 
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Control signal from controller [%] Control signal from controller [%] 

Qtotal
Q2 mixing

Q1 supply

Qtotal

Q2 mixingQ1 supply

Volumetric flows at the 3-way valve Volumetric flows BOA-Systronic

controller are, for example, the measured ambient 
temperature and the measured supplies tempe-
rature. With the help of the heating curve stored 
in the higher-level controller, the setpoint for the 
supply temperature of the heating circuit is gene-
rated from the measured value for the ambient 
temperature. Based on this setpoint and the supply 
temperature measured, the higher-level controller 
generates the error signal, which is the input of the 
(PI or PID) control algorithm. This control algo-
rithm produces a signal, which will be converted 
into an output control signal (0-10 V or 3-Point) 
and transmitted to the control valve.
 This output control signal from the higher-
level controller is the input for BOA-Systronic. 
Roughly speaking, this output control signal 
is simply transformed into two control signals 
for the two BOA-CVE SuperCompact control  
valves and the setpoint for the circulation pump’s 
discharge head.

Volumetric flow rates

In conventional main distribution set-ups, 
the 3-way valve can only provide a constant 
volumetric flow rate to the consumers in the 
heating circuit (Qtotal), owing to its character-
istic. The volumetric flow in the supply line  
(heating water = Q1supply) is coupled with the vol-
umetric flow pumped through the mixing line  
(cold return water = Q2mixing).
 The heating circuit requires a thermal output 
   

  Pth  = 1.16 • Q • 

with volumetric flow rate Q and temperature dif-
ference between supply and return T. Due to the 
constant volumetric flow rate, thermal output of 
the 3-way system can only be regulated via the 
temperature difference T and thus via the sup-
ply temperature. As a result, predominantly cold 
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water will be pumped through the heating circuit 
under part-load conditions (Q2mixing). The volumet-
ric flow rate through the heating circuit is only re-
duced by the control function of the thermostatic 
valves (external heat load compensation).
 The innovative concept of BOA-Systronic, by 
contrast, considerably reduces the water volume 
pumped through the heating circuit, while achiev-
ing the same thermal power output at the con-
sumer installations (Qtotal). This is only possible 
if the supply temperature is increased accordingly 
(radiator characteristics). Therefore, the heating 
curve in the higher-level controller must be var-
ied. The easiest way is to shift the heating curve 
by a fixed amount by having the controller add 
this fixed amount to the setpoint for the supply 
temperature for every operating point (parallel 
shift of the heating curve).
 The two BOA-CVE SuperCompact control 
valves decouple both partial volumetric flows. 
The main control valve, installed in the supply or 
return line of the main distributor of the heating 
circuit, controls the volume of hot water coming 
from the supply line (Q1supply). The second control 
valve in the mixing line adjusts the volumetric 
flow mixed in from the return line of the heating 
circuit (Q2mixing).

 The circulation pump controlled by BOA-Sys-
tronic will deliver the volumetric flow which is 
necessary to provide the thermal power output 
required at the consumer installations (fig. 2).

Circulation pump heads

In conventionally designed heating circuits, the 
volumetric flow is only reduced by the control 
function of the thermostatic valves which are 
mounted at the radiators. The circulation pump 
reacts to the reduced volumetric flow depend-
ing on the pump curve set (p = constant or  
p = variable), so that energy is saved.
 Unlike conventional main distributors, BOA-
Systronic uses system knowledge about the hy-
draulic conditions in the heating circuit. This is 
possible because the volumetric flow rate at the 
main distributor is measured with the BOA-Con-
trol IMS globe valve during commissioning. This 
measuring signal is used to determine the nominal 

Fig. 3: Circulation pump heads (example) 

3-way valve: In a mixing valve, the fluids to be mixed enter the valve by two input 

ports and the sum of their flow exits through a single output port. The ratio between the 

flow rates through both inlet ports is determined by the position of the stem. The sum of 

the throttling cross-sections on both inlet ports is constant over the entire valve travel. 

The valve therefore produces a constant volumetric flow at its outlet port, independent 

of stem position.

techno digest No. 9, March 2004  © KSB Aktiengesellschaft   

System curve

Discharge head H [%]

Characteristic curve of fixed-speed pump

Characteristic curve of variable-speed pump p = constant

Characteristic curve of variable-speed pump p = constant

constant

constant

Design point convetionalOperating point convetional
without external heat loadwith external heat load

Design point BOA-Systronic
without external heat load

Design point BOA-Systronic,
with external heat load

External heat 
load

Operating point BOA-Systronic
part-load, with external heat load

Operating point BOA-Systronic
part load, without external heat load

Volumetric flow rate Q [%]

Characteristic curve of 
variable-speed pump

External heat 
load

External heat 
load

System control curve



20

Automation

Fig. 4: Excess discharge head of 3-way 

system compared to BOA-Systronic  

(example)

QN Design point 3-way system
QN S Design point BOA-Systronic
QPart load Part-load conditions (example)
p1 Differential pressure at thermostatic  
 valve (fixed-speed pump)
p2 Differential pressure at thermostatic  
 valve (variable-speed pump  
 p = constant)
p3 Differential pressure at thermostatic  
 valve (BOA-Systronic)

discharge head of the circulation pump required 
for the nominal volumetric flow rate (design 
point). These values are then used to determine 
the system constant of the heating circuit. The hy-
draulic resistance of the heating circuit is known 
and the control unit (Systrobox) can adjust the 
discharge head of the circulation pump to the vol-
umetric flow needed for the actual operating point 
of the heating system (system control curve). The 
system control curve is limited by the minimum 
discharge head of the circulation pump (fig. 3). 
 With a 3-way mixing or distributing valve, 
by contrast, the circulation pump head cannot 
be adapted to the system control curve. This is 
why BOA-Systronic uses two straight-way valves, 
while retaining all the familiar features of the vari-
able-speed pump and thermostatic valves.
 Depending on the ambient temperature, the 
operating point of the BOA-Systronic controlled 
circulation pump moves along the system control 
curve determined during commissioning. Under 
the influence of external heat load, this operating 
point also moves along the characteristic curve of 
the circulation pump which additionally reduces 
the volumetric flow. Depending on the pump 
curve set, the discharge head either remains con-

stant (p = constant) or decreases with reduced 
volumetric flow rate (p = variable) (fig. 3).

Differential pressure control valves

If external heat load is introduced to a room – by 
sunlight, for instance, – the thermostatic valve will 
reduce the volumetric flow through its radiator. 
At reduced volumetric flow rates, the circulation 
pump either runs with the discharge head un-
changed (p = constant) or reduced (p = vari-
able). The reduced volumetric flow rate results 
in a lower pressure drop in the pipe. The pump’s 
excess differential pressure can only drop at the 
thermostatic valve, which causes considerable 
flow noise. Differential pressure control valves 
are often used to prevent this situation. Their 
function limits the increase in differential pres-
sure across the thermostatic valve, thus preventing 
flow noise.
 In conventional systems, therefore, part of the 
discharge head provided by the circulation pump 
is immediately reduced by the differential pressure 
control valve in many cases! With BOA-Systronic, 
this excess pump head is not produced in the first 
place: only the discharge head actually required 
for the part-load condition is provided. Even with 
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external heat load acting on the system, there is 
no flow noise and expensive differential pressure 
control valves can be dispensed with. For hydrau-
lic balancing of sub-branches, they can be replaced 
with conventional, lower priced balancing valves. 
Fig. 4 compares heating circuits with a fixed-speed 
circulation pump, a differential pressure control-
led circulation pump (p = constant) and a heating 
circuit equipped with BOA-Systronic.

Commissioning

BOA-Systronic calculates the volumetric flow 
rate for the new design point on the basis of the 
volumetric flow rate the system designer has de-
termined for the conventional system. This value 
must be entered in the commissioning software 
together with the nominal system diameter of 
BOA-Systronic (parameterization).
 For this nominal flow rate, the associated 
nominal discharge head of the circulation pump 
must be determined. To do so, the circulation 
pump is started up with its minimum discharge 
head. A corresponding volumetric flow rate is 
produced in the heating circuit, which is measured 
by the BOA-Control IMS valve at the main dis-
tributor. The BOATRONIC measuring computer 
converts this measured value into an analogue 
current signal (4-20 mA) and transmits it to the 
control unit (Systrobox), where it is compared 
against the nominal volumetric flow rate. The 
circulation pump’s discharge head is increased 
step by step, until the difference between setpoint 
and measured value falls below a certain limit. 
When this procedure has been completed, the 
system knows the circulation pump’s discharge 
head for the design point and the system constant 
for this particular heating circuit, and thus its 
system curve. Therefore, the correlation between 
discharge head and volumetric flow rate for the 
heating circuit is known.
 With the data stored, BOA-Systronic then ge-
nerates the system control curve for the volumetric 

flow rate at part-load conditions as well as the 
two valve control curves.

Practical testing

In 2001, BOA-Systronic was installed in the main 
distributor of the heating circuit for the west wing 
of an office building in Heidelberg, Germany  
(figs. 5 and 6). For comparison, the main distri-
butor of the heating circuit for the east wing of 
the same building was build with a conventional 
three-way system of identical thermal output.
 To obtain the necessary hot water, the building 
is connected to a two-boiler system with a ther-

Design point: The thermal output of the heating circuit is determined for the design point, assum-

ing an ambient temperature of approx. –15 °C. At this ambient temperature, the heating circuit must 

provide enough heat to ensure a mean room temperature of 20 °C. For this point, the volumetric flow 

rate required is calculated depending on the temperature difference between supply and return (nominal 

volumetric flow rate).

Fig. 5: Two-boiler system

Fig. 6: Main return line
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mal output of approximately 2 MW. In total the 
main distribution line feeds eight heating circuits 
respectively hot water circuits.
 The main distributor of the heating circuit 
for the east wing was equipped with a three-way 
mixing system of DN 65 and serves as a reference 
circuit. It has a thermal output of Pth = 300 kW 
at a temperature difference between supply and 
return of T = 20 K. To achieve this output, the 
three-way valve in the main distributor must pro-
vide the heating circuit with a volumetric flow rate 
of Q = 13 m3/h. The volumetric flow is supplied 
by an electronically controlled circulation pump 
Riotec 65-100 with nominal diameter DN 65 and 
a maximum discharge head of  H = 10 m.
 The main distributor of the heating circuit for 
the west wing was equipped with a BOA-Systronic 
system of nominal size DN 50. It, too, has a ther-
mal output of Pth = 300 kW at a temperature dif-
ference between supply and return of T = 20 K. 
By parallel shift of the heating curve by T = 3.5 K 
the volumetric flow rate for the design point can be 
reduced by 25 % to approximately Q = 9.8 m3/h, 
which means that a circulation pump Riotec 50-60 
with DN 50 and a maximum discharge head of  
H = 6 m could have been selected. Since the system 

is a test installation, a circulation pump Riotec 
50-100 with nominal diameter DN 50 and a max. 
discharge head of H = 10 m was chosen instead. 
The main control valve with nominal size DN 50 
and electrical actuator EA-C40 was installed in 
the supply line of the main distributor. The control 
valve in the mixing line of nominal size DN 32 is 
equipped with actuator EA-B12 (fig. 7a-c).
Any disturbances in room temperature are regu-
lated with the help of the thermostatic valves. 
Both circulation pumps are differential pressure 
controlled (p = constant).

Measurements

To verify the function of the BOA-Systronic sys-
tem, the relevant physical quantities were meas-
ured for both heating circuits (figs. 8 and 9), i.e.
- ambient temperature
- control valve travel
- supply and return temperatures
- thermal outputs
- volumetric flow rates at the main distributor
- differential pressure of circulation pumps
- electrical power consumption of circulation     
   pumps

Fig. 7a: Main distributor with BOA-Systronic (left) and 3-way system (right) Fig. 7c: Mixing valve

Fig. 7b: Main control valve
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Results

Below, the volumetric flow rates and power con-
sumption of the circulation pumps on a single day 
are given as an example.
 While providing the same thermal output, the 
heating circuit equipped with BOA-Systronic han-
dled only 68 % of the water volume of the 3-way 
system.
 In the period under observation, the power 
consumption of the BOA-Systronic controlled 
circulation pump amounted to only 43 % of the 
power consumption of the circulation pump in the 
conventional 3-way system (savings = 57 %).

Conclusion

 - Reduced operating costs for the heating circuit 
An investigation of load profiles in heating sys-
tems revealed that heating circuits operate under 
part-load conditions during more than 90% of 
their operating period. With this result, one seems 
justified in concluding that in most conventional 
systems cold return water is being circulated 
through the heating circuit most of the time. BOA-
Systronic, by contrast, handles only the volumetric 
flow actually required and thus helps to save an 
average of 50 % electricity costs for the pump 
over the heating period, which – depending on 
the thermal output of the heating circuit – may 
amount to several hundreds of Euros per year.
 - Reduced investment costs
When a new heating circuit is built or the circu-
lation pump of an existing heating circuit is re-
placed, investment costs for the circulation pump 
are reduced by up to several hundreds of Euros. In 
new heating circuits, differential pressure control 
valves can be dispensed with.
 - Reduced commissioning costs for the heating  
   circuit
The circulation pump and the control valves are 
initialised automatically. Static hydraulic balanc-
ing at the main distributor is no longer necessary. 
The hydraulic operation of the heating circuit is 
optimised. Altogether, the costs for heating circuit 
commissioning are reduced.

 - Cost-neutral
Compared to a conventional 3-way system, in-
vestment in BOA-Systronic (without circulation 
pump) will payback within a few months.
 - Gentle on the environment
Thanks to the reduction in power consumption 
achieved, BOA-Systronic makes a positive con-
tribution to environmental protection.

Payback period: Calculated on the basis of the gross catalogue prices for the three-way systems of five renowned suppliers. These three-way 

systems consist of a three-way valve, balancing valve and swing check valve. Based on an electricity price of Euro 0.11 per kilowatt hour and an 

average energy saving of W = 7 kWh/day.

Fig. 8: Volumetric flow rates measured in the test installation

Fig. 9: Power consumption of circulation pumps measured in the test installation
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