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Abstract— The additional benefit of a recent highly optimal 

technique which keeps the pressure low and constant at a remote 

location, above the conventional technique, is discussed. The 

former technique is called remote real-time control (RRTC). The 

reasons for the advantage are clearly elucidated. The direct 

technical and indirect advantages are pointed out. Substantial 

additional economic benefit of RRTC obtains under conditions of 

large leakage, and large operation and maintenance unit cost of 

water. It is shown that for favourable water distribution system 

conditions in South Africa, RRTC yields additional life cycle 

savings of R 20 – 100 million ($ 1.5 – 8 million). 
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management, pressure reducing valve.  

I. INTRODUCTION 

A critical part of saving water is to minimize water loss due to 

existing infrastructure inefficiency. The maintenance and 

refurbishment of water infrastructure are the costly first line of 

defence, and should receive the highest priority from the 

government. The second line of defence is pressure 

management (PM) (keeping the water pressure throughout the 

system within an acceptable range, while still satisfying the 

needs of customers). This is less costly; and has been 

demonstrated in the literature to consistently reduce water 

leakage from pipes [1]. PM also reduces pipe burst frequency; 

hence ensuring less maintenance and refurbishing of the 

infrastructure, with accompanying improved service delivery. 

Moreover, PM may reduce water consumption, often important 

due to the incidence of non-revenue water (NRW) use. Hence 

PM does not only save water, but also helps to solve 

maintenance, refurbishing, service delivery and NRW 

problems. Service delivery advantages include faster response 

to problems, reduction of customers' complaints and an 

improved reputation of the water utility. 

II. TWO DIFFERENT PRESSURE REDUCING VALVE SOLUTIONS 

PM is the process by which the pressure in a water 

distribution system (WDS) is set as low as possible. There is a 

target for the minimum pressure. However, the pressure needs 

to be set high enough to still satisfy customer needs. The WDS 

is usually segmented into different pressure management areas 

(PMA). PM in the different PMAs is mostly independent of 

each other. The point in the PMA which is sensitive to 

adjustment of the actuator, and where, if possible, the pressure 
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is minimal over time, is called the critical point (CP) (see the 

example in Fig. 1) [2]. This point is often located at a remote 

extremity of the WDS. 

Historically, PM is most commonly attained by using a 

pressure reducing valve (PRV). This actuator will be studied 

since it exemplifies central PM concepts relevant to all 

actuators, and specific relevant studies have been performed for 

this actuator. The PRV reduces the pressure to a fixed value 

immediately downstream of the valve (60 m for the example, as 

shown in Fig. 2). This solution will be referred to as the 

conventional PRV solution. 

It turns out that the most optimal PM method should not fix 

the pressure immediately downstream of the PRV, but should 

fix it in real-time at the target minimum set-point pressure value 

at the CP (Fig. 3). This second method will be called the RRTC 

PRV solution (remote real-time control), since it requires 

wireless electronic communication between the PRV and the 

remote CP. The RRTC PRV is more complicated and costly 

than the conventional PRV. Currently, the RRTC PRV is at the 

cutting edge of technology. 

 
Fig. 1: The effect of a pressure reducing valve on pressure [3]. For 

comparison to Fig. 2 and Fig. 3 the case of maximal water 

consumption is shown, reaching the target minimum pressure of 20 m 

at the CP. 

III. DIRECT TECHNICAL AND INDIRECT ADVANTAGES OF RRTC 

The conventional PRV is clearly able to reduce the pressure 

(to 60 m at the PRV outlet in the example in Fig. 2). However, it 

does not do this optimally. In Fig. 2 it can be seen that the 

minimum target pressure is only attained infrequently at the CP. 

On the other hand, the RRTC PRV reduces the pressure almost 

optimally (to 20-60 m at the PRV outlet in the example in Fig. 3) 
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in such a way that the minimum target pressure is continually attained at the CP in real-time. 

 
Fig. 2: Conventional PRV. The PRV is located at the inlet of one of the PMAs indicated in the “supply area”. Modified from [3] 

 
Fig. 3: RRTC PRV. In addition to the conventional PRV, a pressure meter is located at the CP, and a controller at the PRV. Modified from [3]. 

 

  

 

The conventional PRV offers all the direct technical 

advantages of pressure reduction, i.e. water leakage reduction, 

decrease of pipe burst frequency, and possible reduction in 

water consumption; and hence all the indirect advantages, i.e. 
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less maintenance, refurbishing, service delivery and NRW 

problems. However, the RRTC PRV attains each of these 

advantages to a greater extent, because it reduces pressure more 

optimally. 

IV. ECONOMIC ADVANTAGES OF RRTC 

The above advantages translate into cost reduction for the 

municipality. A life cycle cost analysis [4] took the following 

into account to calculate the total cost: 

• Installation, equipment and communication costs of the 

PRV and related components. 

• Water-related total operating and maintenance cost, 

including e.g. the cost of pumping and treatment chemicals. 

• Total pipe breakage repair cost. 

South Africa has two characteristics, which will be taken to 

hold for the particular PMA: 

• The typical leakage in South African municipalities is 

25.4% (based on the estimate of NRW at 36.8%) [5]. 

• Consumer water prices are often much lower than the 

actual operation and maintenance unit cost of water. This cost is 

estimated to really be between R14 and R34 per 1000 litre in 

South Africa [6]. Here, all Rand amounts reflect 2018 Rand. 

The unit cost is high by international standards. 

The high leakage and unit cost make PM particularly 

important in South Africa. With the two characteristics, there is 

a net cost saving using either PRV solution [4]. (Remember that 

the installation, equipment and communication costs were 

included in calculating the net cost saving). Moreover, the net 

cost saving is almost always more with the RRTC PRV than 

with the conventional PRV.  

A recent Water Research Commission (WRC) report 

confirms this: “Based on the results achieved from over 400 PM 

installations, it appears that the largest saving achieved from a 

PM installation is usually from the basic fixed outlet pressure 

control [conventional PRV] ... In most cases, this will provide 

around 60% to 70% of the ultimate savings that can be achieved 

... Adding some form of … closed-loop [e.g. RRTC PRV] … 

control will provide the remainder.” [3] 

Define the amount by which the net cost saving with the 

RRTC PRV exceeds the net cost saving with the conventional 

PRV as the additional saving. The expectation is that this will be 

largest when there are large pressure fluctuations between peak 

demand and off-peak demand periods throughout the WDS. 

Consistent with this expectation, the analysis [4] concludes that 

the additional saving is particularly large when the following 

two conditions hold: 

• The PMA is large. An example would be a 5 km by 5 km 

area with about 30000 inhabitants. 

• The variation of customer water use during the day is large. 

An example would be a maximum variation of a factor of three 

from the average. 

Under these favourable WDS conditions, the additional 

saving will be 7% of total cost [4]. Over a 40 year life cycle, this 

predicts that the additional saving for the PMA is R 40 - 100 

million. Assuming half the large customer water consumption 

assumed in [4], more appropriate to average South African 

WDSs, the additional saving is R 20 - 50 million. Since a WDS 

can have numerous PMAs with favourable conditions, the 

additional saving can be huge! 

The cost advantages justify retrofitting an existing 

conventional PRV to be a RRTC PRV for favourable WDS 

conditions. Under these conditions, they also imply that a RRTC 

PRV should be installed instead of a conventional PRV in new 

installations. 

V. PRINCIPLES OF RRTC 

Due to the advantages above, the application of RRTC in a 

real WDS using a PRV to change the pressure has rapidly 

increased internationally from almost none to several from 2010 

to 2015 [1]. In addition, the application of RRTC is expected to 

grow in tandem with the explosion of growth expected for the 

Internet of Things. 

RRTC can more formally be viewed as follows. The water 

pressure (process variable) can be set to a low and constant 

set-point by adjusting the setting of an actuator, based on the 

measurement of pressure by a sensor on a pressure meter (Fig. 

4). The amount by which the actuator setting must be adjusted is 

predicted by a mathematical algorithm called a controller. This 

process is indicated in Fig. 4. RRTC is hence a form of 

closed-loop control [3], i.e. a form of remote node modulation 

[1].  

 
Fig. 4: Sketch of a control loop. Arrows indicate data flows, bold 

letters indicate hardware components, italic letters indicate transferred 

information. [7] 

VI. DISCUSSION 

Real-time remote control (RRTC) offers a pressure 

management technique which is highly optimal at reducing 

pressure, compared to other advanced pressure management 

techniques currently employed by companies. The authors are 

unaware of any commercial company which offers an integrated 

RRTC solution for purchase at this time. 
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