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Proportional Pressure Control Mode at the Second
Stage Pumping Stations in Public Water Supply
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Abstract: The goal of the research is estimation of the energy
efficiency improvement potential when the proportional pressure
control mode is used at the second stage pumping stations in
public water supply systems. For this reason, a large number of
energy cost analyses have been made for different centrifugal
pumps and regression equations with coefficients of
determination have been derived.

As the result, the savings’ potential of energy consumption has
been defined, if proportional pressure is used instead of constant
pressure. The decrease of water leakage has also been determined
when the proportional pressure control mode is applied.
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INTRODUCTION

Nowadays, with the rapid increase of energy production
costs in the world, more attention is paid to improvement of
the energy efficiency level. About 20 % of the total electrical
energy produced in the world is consumed by pumps and
pumping systems and almost half of this energy can be saved
up [1].

It is crucial to determine the appropriate pump control mode
for each corresponding engineering system, thus, contributing
to the total energy saving in the world. Usage of the
proportional pressure control mode increases the efficiency
level of functionality of pumping systems at the second stage
pumping stations in public water supply systems. It can
crucially influence the total efficiency of the system.

This control mode can impact the energy efficiency level of
a water supply system in a positive way not only directly — by
reducing the energy consumption, but also indirectly — by
reducing water leakage in the network.

ESTIMATION OF SAVINGS’ POTENTIAL IF PROPORTIONAL
PRESSURE CONTROL MODE IS USED AT THE SECOND STAGE
PUMPING STATIONS IN PUBLIC WATER SUPPLY

It is very important to keep the pressure constant at
consumer side, not next to booster sets at the second stage
stations. To this effect it’s advisable to apply the proportional
pressure control mode (the method of compensation of
pressure losses) [2] and [7].

If the proportional pressure control is applied at the second
stage pumping stations in public water supply systems, the
whole water supply process can be crucially optimized in
terms of energy saving.
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Estimation of Potential Reduction of Energy Consumption
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Fig. 1. Duty point control curves, if different pump control modes are applied
(1 — constant pressure control mode, 2 and 3 - proportional pressure control
mode) [2]

It is very important to define deviations from the head value
of the duty point at zero flow rate, if the proportional pressure
control mode [2] and [7] is used (in comparison with the
constant pressure control mode).

It has been assumed that the maximum deviation from the
head value of the duty point at zero flow rate is 80 % (Fig. 1).

The operational principle of the proportional pressure
control mode is as follows: the adjusted head value of
centrifugal pumps is being adapted in accordance with the
flow variations during the water supply process. This pumps’
control mode is very appropriate for water supply systems
with the comparatively high level of pressure drop dedicated
to frictional losses [2] and [3]. The longer piping network is,
the higher level of energy efficiency is possible to achieve.

Having analysed the consumption of electrical energy, a
load profile of drinking water consumption should be taken
into account.
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Fig. 2. Load profile of drinking water consumption (according to Blue Angel
Profile) [12]

Annual operation of pumps at the second stage stations is
assumed as 6000 hours per year and the load profile [11], [12]
and [13] is divided into four parts with different flow values:
100%, 75%, 50% and 25% (Fig. 2). In its turn, each flow
value corresponds to certain duration of time (according to the
Blue Angel profile) [12].

Each flow component corresponds to certain duration of the
operational time in the following way (Fig. 2):

100% -> 6%,

75% -> 15%,

50% -> 35%,

25% -> 44%.

The levels of energy consumption have been compared, if
different variants of proportional pressure and constant
pressure control modes are used [2-3] (Fig. 1).

The proportional pressure control mode with different
deviations from the head value of the duty point at zero flow
rate (20%, 40%, 60% and 80% from duty point value) has
been analysed, and the -calculation of annual energy
consumption for centrifugal pumps of various designs [4] and
[5] has been carried out in this study (the proportional pressure
control mode has been chosen with linear influence [2]).

It has been observed that with the increase of deviation
from the head value of the current duty point at zero flow rate
the possibility of defining precisely the reduction of energy
consumption is considerably decreasing, in comparison with
the constant pressure control mode (Fig. 3).

During the investigation of energy savings’ potential (Fig.
3) the regression equation with the respective coefficient of
determination has been derived. The regression equation of the
linear trend type (y=a, +a, *x+¢ ) has been chosen.

y =0.5367 * x +0.0056 (1)
R2 =0.9808
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Fig. 3. Reduction of annual energy consumption if proportional pressure control mode with different deviations from head value of duty point at zero flow rate is

used (in comparison with constant pressure control mode)
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In this equation (1), y represents the reduction of annual

energy consumption in percentage, if the proportional pressure
control mode with different deviations from the head value of
the duty point at zero flow rate is applied (in comparison with
the constant pressure control mode), and x denotes the
deviation from the head value of the specific duty point at zero
flow rate in percentage.

It is possible to use the regression equation (1) as a tool for
estimating the decrease rate of energy consumption at
different deviations from the head value of the duty point at
zero flow rate. This is realized in comparison with constant
pressure control mode, if the value of duty point remains
constant.

It’s assumed that up to 80% of the total pump head is
related to frictional losses in low and medium-size public
water supply systems (Fig. 1). This means that the maximum
deviation from the head value of the duty point at zero flow
rate is 80%. The savings’ potential at this deviation iS
estimated as 43.5% (if the Blue Angel profile [12] is applied
for the LCC calculation).

There are different limitations taken into consideration
during the study. The limitations are as follows:

- The deviation from the pump efficiency optimum is up

to 3% at the maximum duty point.

- The duty points are met with different pumps.

- The deviation from the head value of the duty point at

During the study, eight centrifugal pumps of different
design have been analysed.

Estimation of potential decrease of water leakage
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Fig. 4. Water leakage indicator in different EU countries [8]

One of the most important indicators of the quality and
safety of a public drinking water network is the water leakage
rate [8], [9] and [10] (Fig. 4).

Water leakage can be significantly decreased, if the
proportional pressure control mode is applied.

The Torricelli’s equation can be used to determine the
decrease level of water leakage in a piping system [6] by
decreasing the head value of the pump (2).
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Fig. 5. Annual decrease of water leakage at different deviations from the head value of the duty point at zero flow rate, if the proportional pressure control mode
is applied
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In the equation (2), C represents the water speed at the pipe
rupture in m/s, g is the acceleration of gravity (constant:

9.80665 m/s?) and H denotes the pump head in m

Having analysed the decrease of water leakage at different
deviations from the head value of the certain duty point at zero
flow rate (Fig. 5), the following regression equation of the
linear trend type (y=a,+a, *x+¢) With the coefficient of

determination has been derived in the study.

y =0.2501+ x —0.0038 (3)
R? =0.9977

In this equation (3), y represents the annual decrease of

water leakage in % and x denotes different deviations from
the head value of the duty point at zero flow rate in %, if the
proportional pressure control mode is used (in comparison
with the constant pressure control mode).

80% of the total pump head of the duty point are assumed to
be frictional losses and accepted as the maximum deviation
from the head value of the duty point at zero flow rate. The
annual decrease of water leakage is estimated at 19.6% for this
deviation (if the Blue Angel profile [12] is applied for LCC
calculation).

The annual decrease of water leakage can be determined in
comparison with the existing water leakage rate in the system
by using the regression equation (3).

It is possible to define the reduction of the annual water
flow in the specific water supply system in relation to the
current water leakage rate in the system. It can be done, if the
proportional pressure control mode with certain deviations
from the head value of the duty point at zero flow rate is
applied (Fig. 6).

After some modifications with the equation (3) another
equation has been derived.

2 = (0.2501# x—0.0038) * y (4)

In the equation (4), z represents the annual water flow
reduction in % in the specific water supply system, if the
proportional pressure control is applied; y represents the

current water leakage rate in the water supply system and x
denotes different deviations from the head value of the duty
point at zero flow rate in % (if the proportional pressure
control is used in comparison with the constant pressure
control [2] and [7]).

It has been assumed that 80% of the head value of the duty
point refers to frictional losses. At the same time, this is
accepted as the maximum deviation from head value of the
duty point at zero flow rate (Fig. 1). In its turn, the current
water leakage in the system has been assumed as 25% (Fig. 4).
Thus, under these conditions, the reduction of the annual water
flow in the systems can achieve 4.9% (if the Blue Angel
profile [11] and [12] is applied for the LCC calculation).
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Fig. 6. Reduction of the annual water flow in a water supply system in relation to the current water leakage rate in the system, if certain deviations from the head
value of the duty point at zero flow rate are applied (the proportional pressure control mode is used in comparison with the constant pressure control mode)

CONCLUSIONS

This research shows the area of the potential reduction of
annual energy consumption and the total water flow at the
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second stage pumping stations in water supply systems by
using the proportional pressure control mode.

It has been found that the reduction of annual energy
consumption can be achieved up to 43.5%. This reduction is
possible if proportional pressure control mode is applied with
80% of the head deviation at zero flow. The savings’ potential
is estimated in comparison with constant pressure control
mode.

The research also demonstrates that the annual water flow
reduction in a water supply system can be reduced up to 9.8%,
if the proportional pressure control is applied, in comparison
with the constant pressure control. It is done if the deviation
from head value of duty point at zero flow rate declines up to
80% and the current water leakage is up to 50%.

The higher level of deviation from the head value of the
duty point at zero flow rate, the higher level of energy saving.

RECOMMENDATIONS

It is very much recommended to estimate potential energy
savings at the second stage pumping stations in public water
supply systems, when the traditional constant pressure control
mode is used.

To this effect the regression equation can be used
(y=05367+x+00056 ). The energy savings’ potential can be

estimated if proportional pressure control mode is applied in
comparison with constant pressure control mode.

It is also possible to estimate the potential reduction of the
annual water flow in a water supply system by using the
regression equation  (z=(02501+x-0.0038)+y), When the

proportional pressure control mode is applied, in comparison
with the constant pressure control mode.
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Deniss Pils¢ikovs, Egils Dzelzitis. Energoefektivitates uzlabosana izmantojot proporcionala spiediena vadibas metodi otra pacéluma siiknu stacijas

sabiedriskajas tidensapgades sistémas

Pétljuma merkis ir energoefektivitates uzlaboSanas potenciala novértgjums, ja tiek izmantota proporcionala spiediena vadibas metode salidzinajuma ar
tradicionalo konstanta spiediena vadibas metodi otra pacéluma siiknu stacijas sabiedriskajas idensapgades sisteémas.

Centrb&dzes suiknu analizes gaita tika iegits attiecigs regresijas vienadojums, ar kuru palidzibu ir iesp&jams novertet energijas patérina samazindjuma potencialu
sabiedriskajos tdensapgades tiklos. Bez tam tika iegiits arT regresijas vienadojums, kas apraksta idens zudumu samazinajuma potencialu attieciba pret esoSiem

adens zudumiem tidensapgades tikla.

Elektroenergijas patérina samazindjuma potencials tiek novertets, ja celSanas augstuma vertibai ir dazadas novirzes no noteikta darba punkta vértibas pie nulles
patérina, tada veida realizgjot proporcionala spiediena vadibas metodi. Proporcionala spiediena centrbédzes siiknu vadibas metode tika realizéta salidzinajuma ar
konstanta spiediena suknu vadibas metodes pielietojumu, ja darba punkts un slodzes profils paliek nemainigs. P&tfjuma gaita tika veikti vairaki patérétas
elektroenergijas aprékini pie attieciga slodzes profila dazadas konstrukcijas centrbédzes sikniem. Visiem aprékiniem tika izmantots ,,Zila Engela” slodzes profils
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(Blue Angel Profile). Tika konstatéts, ka palielinoties celSanas augstuma veértibas novirzém no noteikta darba punkta veértibas pie nulles patérina realizgjot
proporcionala spiediena stiknu vadibu, palielinas arT energoefektivitates uzlaboSanas potencials otra pacéluma stiknu stacijas.
P&tot tidens zudumu samazinajuma potencialu attieciba pret esoSiem tidens zudumiem tdensapgades tikla, 1idzigi ka energopatérina samazinajuma potenciala
izpétes gadijuma, tika nemti véra dazadas celSanas augstuma novirzes no noteikta darba punkta veértibas pie nulles patérina.

Jennc Iuabmukos, druic J3easuruc. IoBbimenne 3Hepro3(eKTHBHOCTH, WCHOIBL3Ys METOJ YNpPaBJIeHHs NPONOPHHOHAIBLHOTO JaBJIEHHS Ha
HACOCHBIX CTAHI[HSAX BTOPOI0 NOJbeMa B CHCTEMaX 0011ecCTBEHHOI0 BO0CHAGKEeH U

Llenpto myOnuMKaluy SBISETCS OLCHKA MOTCHLHMANA YIy4lIeHHs SHEeprod(@eKTUBHOCTH MHPH HCIONB30BAHUM METOAA YIPABIEHHUS IPONOPLHUOHAIBHOIO
JIaBIICHHS B CPABHEHHH C TPAJUIOHHEIM METOJOM YIPABJICHUSI KOHCTAHTHOTO JaBIEHUS HA HACOCHBIX CTaHIIMAX BTOPOTO MOJbEMa B CHCTEMaX OOIIECTBEHHOTO
BOJIOCHA0XKEHMS.

B nporecce aHanm3a HEeHTPOOEKHBIX HACOCOB OBLIO MOJIYYEHO COOTBETCTBYIOLIEE PEIPECCHBHOE YPABHEHHE, C IIOMOILIBIO KOTOPOTO MOXKHO OLIEHHTh ITOTCHI[HAI
TIOHI)KEHUSI MOTPEOIeHUsI JIICKTPOIHEPTHU B OOIIECTBEHHBIX CETSAX BOJOCHaOXKeHHs. Kpome Toro, ObUIO MHOIYYEHO DPErpecCHBHOE ypaBHEHHE, KOTOpPOE
OIMCHIBAET TTOTEHIMAJ IIOHWKECHHS YTEUKH BOJIBI 10 OTHOIICHHIO K CYIIECTBYIOIMM YTE€UKaM BOJbI B CETH BOJOCHAOKEHUS.

IMoTeHIHaN MOHUKEHUS TTOTPEOIICHHS JIEKTPOIHEPIHH ObLI OLICHEH IPU PA3IMYHBIX OTKIOHEHUSX BEIMYMHBI HALIOPA 110 OTHOLICHHIO K ONpEJIEIeHHOI paboueit
TOYKE IIPU HYJIEBOM Pacxojie, TAKUM 00pa3oM peann3ys MeTOJ yIpaBlIeHHs [IPOHOPIMOHANBHOTO JaBIeHHs. MeTo ynpaBiIeHus IPOIOPIHOHAIBHOTO JaBICHUS
LIEHTPOOEKHBIX HACOCOB CPAaBHMBAJICA C NMPUMEHEHHEM METOZa YIPABJICHHS KOHCTAHTHOrO IABJIEHHUs, €CIIM 3HayeHHe paboueil TOukM, a Takxke MpoQuib
Harpy3KH sBIIIOTCS HEM3MEHHBIMH. B mporecce uccieoBaHus ObLIO BBIIOIHEHO MHOXECTBO PACYETOB IIOTPEOICHHS 3JIEKTPOIHEPTHU IIPU COOTBETCTBYIOLIEM
npoduiie Harpy3Ku JUisl EHTPOOEKHBIX HACOCOB Pa3iIMYHON KOHCTPYKImH. Jljisi Bcex pacdeToB ObUI MCIONb30BaH mpodmib Harpysku ,,Blue Angel Profile”.
bbuta ompenencHa TEHACHILMS, IPU KOTOPOiH MOBBIIIASACH OTKJIOHCHHSM BEIMYMHBI HAIOpa 10 OTHOIICHHIO K OHPEACICHHOH paboueil TOYKE NMPH HYIEBOM
pacxojie peaan3ysi METOJ YIPaBJICHHs [IPOMOPLMOHAIBHOIO AABJICHHUS, YBEINUHBACTCS U IIOTCHIMAT YIIy4llIeHUs: S3Heprod((GpeKTHBHOCTH Ha HACOCHBIX CTAHIIMAX
BTOPOT'O HObEMA.

Hccremyst MOTEHIMA HOHIKEHHUS YTEYKU BOABI 110 OTHOIICHHIO K CYIIECTBYIOIMM yTE€YKaM BOJIbI B CETH BOJOCHAOKEHMS, TAKXKe KaK U B ClIy4ae UCCIIEI0BaHUS
MOTCHIMANA TOHWKCHUS MOTPEOJICHNSI SJICKTPOSHEPTHH, ObUIM NPHHATEI BO BHUMAHHS DPa3iMYHbIC OTKJIOHCHHS BEIMYMHBI HAopa II0 OTHOIICHHIO K
ompeieNieHHOM paboydeil TouKe Py HyJIeBOM Pacxoje.
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