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EXECUTIVE SUMMARY 

Energy saving opportunitites have been assessed on the drinking water network of the Novi 

Sad Water Utility Company (Vodovod i kanalizacija Novi Sad, ViKNS) and analysed to see if 

they are economically viable, that is, if benefits (in the form of saved energy, reduced 

maintenance costs) exceed costs (most importantly, the cost of investment into energy sav-

ing measures).  

The work required a combination of engineering and economic expertise. The project team 

developed a hydraulic model, identified energy saving measures, simulated them in the hy-

draulic model to determine how much electricity would be saved during different hours of 

the day. The project experts then analysed the Serbian electricity market to determine the 

future value of electricity, this way enabling the quantification of the value of saved energy. 

The carbon footprint of the scenarios was also assessed. The various cost and benefit items 

of the energy saving scenarios have been compiled in a cost-benefit analysis. 

The project has been co-financed by the Western Balkans Green Center of the Government 

of Hungary (www.wbgc.hu) and executed through the close cooperation of three organisa-

tions 

• ViKNS as the project beneficiary (https://www.vikns.rs/) 

• REKK providing expertise in energy markets and economics (https://rekk.hu/) 

• and DHI Hungary with its hydraulic model building and operating expertise 

(https://worldwide.dhigroup.com/hu/?redirect=www.dhi.hu) 

 

The focus of the analysis 

Novi Sad is the second largest city in Serbia and the capital of the province of Vojvodina. Its 

population exceeds 250 thousand, and together with neighbouring settlements the popu-

lation of the administrative region is about 350 thousand. The town lies on the banks of the 

Danube river, which is also the source of its water and the recipient of the treated 

wastewater. 

The Novi Sad Water and Wastewater Utility Company (Vodovod i kanalizacija Novi Sad, 

ViKNS) is the supplier of drinking water and sewage services both in the city and its outskirts. 

A total population of about 350 thousand is served through about 50 thousand connections 

with a network length of 1,200 km. 

Novi Sad is split by the Danube into a flat and a hilly part. While about 70% of the network 

is on the flat area, the majority of the drinking water network related electricity consumption 

takes place in the hilly service area due to the elevation differences. This part of the network, 

called the Srem area, offers the largest energy saving potential, therefore it has been se-

lected as the focus of the analysis. The biggest energy consumer is Pumping Station Liman 

(PS Liman), which pumps water from the drinking water plant to the Institut storage facility 

up on the hill in the Srem area. PS Liman currently operates during the night when electricity 

http://www.wbgc.hu/
https://www.vikns.rs/
https://rekk.hu/
https://worldwide.dhigroup.com/hu/?redirect=www.dhi.hu
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is cheapest. It fills the storage tank uphill in the Srem area, from where demand is satisfied 

all through the day. 

In addition to calculating energy savings, the CO2 emission behind the consumed energy 

was also assessed and its financial value calculated, as a measure of the external benefits 

generated by any energy saving intervention.  

 

Developing the hydraulic model 

As a hydraulic model for the Srem area had not existed before the project, the first task was 

to develop one. The hydraulic model can be considered as a digital twin of the actual water 

supply system. It is capable to depict the system performance via changes in water flow, 

pressure and water quality parameters. Water distribution systems are generally complex 

systems (and the Srem area is even more complex than most other systems), they consist of 

interconnected pipelines, storage tanks and pumps. Any intervention will trigger a cascading 

effect for the rest of the system. That is why developing a hydraulic model is inevitable.  

The hydraulic model was constructed within the DHI developed MIKE+ program that is ro-

bust enough to handle very complex systems, using network data supplied by ViKNS. This 

process required a wide range of data: network GIS, the technical characteristics of pumps 

and storage tanks, flow measurements, pressures, water consumption, energy use data etc. 

The data supply was supplemented by interviews for clarification. Some of the data was 

incorrect or missing and had to be estimated and amended. The so-called first run model 

was then refined in an iterative way. The model was used to define the preliminary design 

of the scenarios to perform a hydraulic model-based energy audit of the network to calcu-

late peak, average and minimal energy consumption of all of the (50+) pumps on the system 

in all scenarios. Initial results suggested that within the Srem area the largest energy saving 

potential is offered by the replacement or modified operation of the pumping station PS 

Liman. Scenario analysis was therefore focused on these opportunities. 

The map below provides a schematic overview of the analysed network. 
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Electricity price forecasts 

Electricity prices were forecasted with the European Power Market Model (EPMM) of REKK, 

a unit commitment and economic dispatch model covering more than 3,000 power plant 

units in 38 countries, including Serbia. The model simultaneously optimizes all 168 hours of 

a week and determines the production level of each modelled power plant unit. The most 

important outputs of the market model are wholesale prices for each market in each mod-

elled hour, power flows between markets, and production and CO2 emission of each power 

plant unit. The model provides the Serbian wholesale electricity prices for each hour of the 

modelled periods, which has been set for the 25 years between 2021 and 2045.  

While wholesale prices are not equal to retail (end user) prices, they serve as the basis for 

estimating the energy price component of the electricity bills paid by ViKNS. Major shifts in 

wholesale prices therefore appear in the energy costs faced by ViKNS. 

From hourly prices yearly and monthly average prices and also the typical daily price curve 

or the average price of a given period (e.g. day/night) can be calculated for each year. This 

latter can help to determine the cost-optimal operation time for the hydraulic system in the 

different years, therefore this is also an important feedback to the development of the hy-

draulically modelled energy saving scenarios. 

Power market modelling results show that compared to 2020 average annual electricity 

prices in Serbia will increase by about 60% by 2025, but only moderately during the follow-

ing 20 years. At the same time, the difference between winter and summer prices will grow: 
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winter prices will rise sharply, while summer prices increase initially and decline later, due to 

large new photovoltaic generation capacities. For the same reason, day time prices will in-

crease at a lower rate than night time prices. Currently day time electricity is more expensive 

than night time electricity, but this will change after 2025, which will have an impact on the 

operating schedule of the PS Liman. 

In addition to electricity price forecasts, the average CO2 emission per MWh has also been 

modelled for each hour of the 2021-2045 period. Results indicate a sharp decrease in the 

Serbian carbon-dioxide intensity from 2025. Serbia is assumed to join the EU-ETS system in 

the coming years and all Serbian electricity generators will need to pay for their CO2 emis-

sions. This means a competitive disadvantage for fossil-based producers, especially the ones 

burning coal and lignite, and the operators with older, less efficient plants, so these more 

polluting plants are going to operate less. 

Photovoltaic electricity production also has a significant effect on the CO2 intensity of the 

overall electricity generation. In hours of the day when solar energy is available (mostly be-

tween 8 AM and 6 PM) the emission per produced electricity is much lower than in the night 

hours, when more fossil plants are needed to satisfy demand. These results are also consid-

ered in the analysis.  

 

Modelled energy saving scenarios 

The analysed energy saving scenarios were developed by combining the initial hydraulic 

results and the electricity price forecasts, namely the shift in low and high priced hours of 

the day. 4 scenarios were defined for in-depth analysis: 

1. Baseline operations (scenario name: BASELINE): the current Jugoturbina DH58-35 

pump is further used without any technical modifications. The pump is used for a 7 

hour period each day, at the edge of its capacities, which creates cavitation problems 

that require regular reconstruction, and also has a relatively poor energy efficiency 

profile. 

2. Pump replacement (scenario name: PUMP CHANGE): the Jugoturbina pump is re-

placed by a modern, more energy efficient pump. For the purpose of modelling a 

KSB Omega C pump was selected, which suits the technical requirements at ViKNS. 

This pump is also used for a straight 7 hour period each day. 

3. Auxiliary by-pass pump and frequency modulator on the original pump (scenario 

name: BYPASS+FQM): the Jugoturbina pump is kept in operation, but an auxiliary 

pump is installed to relieve the strain from operation at the edge of its capacities. As 

the top workload is now carried by the auxiliary pump, the Jugoturbina pump can 

work at a lower capacity, but that requires frequency control, thus a frequency mod-

ulator (FQM) also needs to be installed. Pumping takes place for 7 hours a day. 

4. Frequency modulation and operating hours change (scenario name: FQM 9 HOURS): 

under this scenario the Jugoturbina pump is utilised for 9 hours instead of 7 hours, 

reducing cavitation problems, and enhancing the energy efficiency due to not being 
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overstrained. This requires a frequency modulator, and some of the hours of opera-

tion may fall outside the off-peak period, resulting in higher hourly electricity costs. 

For each of the above scenarios two time periods were run: operation during the night and 

operation during the day. For some years, especially early years, the night schedule makes 

sense as electricity in these years is cheaper during the night than during the day. For other, 

later years, however, the daytime schedule results in lower electricity costs. The analysis runs 

from 2021 to 2045 and in each year and for each scenario the intraday period of operation 

was selected based on a cost minimisation approach, i.e. running the pump during the con-

tinuous 7 or 9 hour period with lower average hourly electricity costs. 

 

Cost benefit analysis (CBA) 

When an energy saving investment takes place, there are various costs and benefits: 

• Investment costs take place at the beginning 

• Future maintenance costs of the technology may change as a result of the invest-

ments 

• Electricity will be saved compared to the present, this is a benefit 

After estimating all of these items for all inspected scenarios, we calculate their present value 

by discounting all future values to current value. For this we use a uniform discount rate for 

all cost and benefit items. Once the present value of all items have been calculated, we can 

add them up and see if a planned investment will generate net benefits, i.e. if total benefits 

exceed total costs. 

Compared to the Baseline scenario each additional scenario requires the installation of a 

new technology. Price offers for these technologies were secured from various technology 

suppliers.  While no new investment is needed for the Baseline scenario, the original pump 

is getting old and requires a reconstruction in the foreseeable future. A cost estimate for 

the reconstruction has been developed together with the experts of VIKNS. Under the “By-

pass + FQM” and the “FQM 9 hours” scenarios it was concluded that the current Jugoturbina 

pump would not face the same level of cavitation problems as under the Baseline scenarios, 

and consequently, it would not require the same reconstruction activity either. 

The annual maintenance cost of the Baseline scenario was estimated based on VIKNS rec-

ords of mechanical and electric maintenance costs and parts replacement from recent years. 

For all the other scenarios it was assumed that maintenance costs would be lower due to 

more modern technologies and lower wear and tear. 

The assumptions on investment and maintenance costs are included in the table below. 

Numbers in red are used for sensitivity analysis or stress test of our mainstream assump-

tions. 
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The electricity costs of the established scenarios can be calculated by multiplying the mod-

elled electricity use for each hour of the year by the projected price for the same hour. The 

difference compared to the Baseline scenario is the cost saving due to lower energy use, as 

illustrated by the figure below. Depending on the scenario and the year, the value of annual 

savings falls between 7 and 26 thousand euros. 

Annual projected electricity cost savings of the Srem area under scenario combinations 

compared to the Baseline (EUR, without VAT): 

 

The discount rates used for the CBA were determined based on Serbian loan conditions, 

having reviewed options for both commercial bank loans and preferential government fi-

nancing for green investments. It was decided that two interest rates are tested: 1% and 3%. 

The latter is probably the upper end of a reasonable range for discount rates, therefore if a 
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CBA yields net benefits with 3% interest rate, then it is likely a good decision to make the 

investment. 

We added the present value of all cost and benefit items for all scenarios and then compared 

these results to the present value of the Baseline scenario to see if implementing any of the 

energy saving measures would generate positive financial returns. The results show that all 

three energy saving measures are attractive financially both with the 1% and the 3% dis-

count rates and most of the benefits are related to energy cost savings, but maintenance 

cost savings are also meaningful. 

Depending on the applied discount rate and the assumptions for the sensitivity analysis, the 

present value of net benefits for the Pump change falls between 303 and 550 thousand 

euros, for Bypass+FQM it is between 260 and 445 thousand euros, and for the FQM 9 hours 

scenarios it is in the 253 - 409 thousand euro range. In other words, this is how much benefit 

the measure would generate once the original investment cost is already covered. The cor-

responding payback time of the energy saving investments is between 2.2 and 6.3 years. 

The latter reflects the least attractive conditions, higher interest rates and less advantageous 

figures for the stress test. 

Based on the above findings we can safely recommend the execution of any of the proposed 

energy saving measures. 

 

The value of saved CO2 emissions 

The value of carbon emission savings is also calculated, but this is not included in the CBA, 

because this type of benefit cannot easily be turned into revenues or reduced costs by 

ViKNS. However, the value of carbon savings may be an important information for donors 

or government decision makers. The figure below shows the carbon-dioxide emissions sav-

ings of the energy saving scenarios, compared to the Baseline (ton/year). 
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There is a sizeable literature on the value of carbon-dioxide emission abatement. One can 

estimate this value based on the climate change related damage created by emissions, and 

scientists have come up with all different such values. Alternatively, we can use the market 

price for a ton of CO2 emission allowance from the European emission trading market. This 

price is currently at about 50 EUR/ton. While this value constantly changes, as it is subject 

to varying demand and supply, it is more tangible than the damage based figures which are 

more theoretical and depending on the source, may take some extreme values. Thus we 

opted for the 50 EUR/ton figure and our calculations show that for the 25 year period the 

value of saved CO2 emissions reaches between 110 and 130 thousand EUR, in the same 

range or above than the investment cost of the scenarios. This implies that even without 

considering the net benefits of the CBA, the energy saving investments at VIKNS are attrac-

tive for society. In other words, the government of Serbia, or a donor country/organisation 

could consider to pay for it simply to generate the corresponding CO2 emission reductions. 
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1. INTRODUCTION 

Novi Sad is the second largest city in Serbia and the capital of the province of Vojvodina. Its 

population exceeds 250 thousand, and together with neighbouring settlements the popu-

lation of the administrative region is about 350 thousand. The town lies on the banks of the 

Danube river, which is also the source of its water and the recipient of the treated 

wastewater. 

The Novi Sad Water and Wastewater Utility Company (Vodovod i kanalizacija Novi Sad, 

ViKNS) is the supplier of drinking water and sewage services both in the city and its outskirts. 

A total population of about 350 thousand is served through about 50 thousand connections 

with a network length of 1,200 km. 

Novi Sad is split by the Danube into a flat and a hilly part. While about 70% of the network 

is on the flat area, the majority of the drinking water network related electricity consumption 

takes place in the hilly service area due to the elevation differences. This part of the network, 

called the Srem area, offers the the largest energy saving potential, therefore it has been 

selected as the focus of the analysis. 

The project aimed to identify energy saving opportunities on the drinking water network 

serving the Srem area, quantifying the volume of potential electricity savings and the related 

CO2 emission reductions, estimating the value of the saved electricity and finally carrying 

out a cost-benefit analysis to determine the extent to which energy saving measures make 

economic sense.  

The work has been carried out through the cooperation of the experts of three entities: 

• ViKNS as the project beneficiary (https://www.vikns.rs/) 

• REKK providing expertise in energy markets and economics (https://rekk.hu/) 

• and DHI Hungary with its hydraulic model building and operating expertise 

(https://worldwide.dhigroup.com/hu/?redirect=www.dhi.hu) 

After the introduction (Chapter 1) the hydraulic model applied for the analysis is described, 

and the data supplied by ViKNS and validated by DHI is depicted (Chapter 2). Energy saving 

scenarios have been set up and simulated within the hydraulic model, determining the 

quantity of electricity that can be saved without sacrificing water quality or network perfor-

mance indicators (Chapter 3). Next, the Serbian electricity market is analysed to determine 

the future value of saved electricity and the unit CO2 emissions behind the consumed elec-

tricity (Chapter 4). Finally, the pieces are assembled in a cost-benefit analysis to see if the 

identified energy saving measures are financially viable (Chapter 5). The report conclusions 

with recommendations (Chapter 6). 

 

 

 

 

https://www.vikns.rs/
https://rekk.hu/
https://worldwide.dhigroup.com/hu/?redirect=www.dhi.hu
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2. DEVELOPING THE HYDRAULIC MODEL 

The hydraulic model can be considered as a digital twin of the water supply system. It is 

capable to describe the system performance via changes in water flow, pressure, and water 

quality parameters. As the water distribution system is a complex system, especially the one 

that is our pilot area, pump systems are linked to each other and a change in the perfor-

mance of one pump likely impacts the entire system. 

The experts of ViKNS made several statements on how the water supply network was trans-

posed into the hydraulic model: 

„It is a very complicated system, all is interconnected. If we modify something, then all 

system is „moving on”. It is excellent to see that we can demonstrate for new and old 

staff, their role and impacts on the system.”  

„This is the first time when all data are working together. Putting departments’ job and 

work together in a transparent platform, will be challenging but great” 

The faster and more precise changes in the system operation can be implemented, the more 

benefits water utility can attain. It is expected that more flexible operational changes and 

predictions will be crucial for the future, especially in relation to changing energy markets, 

the more advantages can be obtained if we know the daily performance of the system. 

Therefore, we have created a model that is able to get the characteristics well about the 1-

day performance behaviour of the Srem area, with all known and related system elements. 

We linked the energy market forecasts (chapter 4) to the hydraulic model and developed 

corresponding suggestions for changes for better operation. In other words, this has been 

an iterative process.  

 

2.1. MODEL DESCRIPTION AND CAPABILITIES  

The purpose of this task has been to develop a hydraulic model for the Srem Water Supply 

Network reflecting the current infrastructure and operating conditions. The target is an ex-

tended period simulation model setup for one day, capable of simulating how different 

parts of the network receive their water supply.  

The step-by-step objective of this activity is: 

▪ Construct a hydraulic model of the water supply system using DHI developed MIKE+ 

software; 

▪ Fine-tune the model by comparing simulated pressures and flows with those meas-

ured in the field. 

▪ Calculate energy consumption results in more detail, create tabular outputs and 

graphs of pump utilization, average power consumption and energy costs. 

▪ Develop scenarios for energy optimization 

▪ Calculate peak, average and minimal energy consumption of all of the pumps on the 

system in all scenarios, developing tabular outputs and graphs of pump utilization, 

average power consumption and energy costs in different scenarios in 10 minute 
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time steps which consider both energy price and operation aspects which were de-

veloped together with the project partners to support further analyses. 

The work was implemented by MIKE+ modelling software and DHI’s WaterNet Adviser plat-

form. 

 

The work was accomplished by collecting data, building the hydraulic model based on GIS, 

CIS (customer information system), and other data sources, making various corrections, re-

visions to the network schematization, input data and model setup based on initial obser-

vations, data checks, and interviews to transfer as much local knowledge as possible.  Then 

we used the data to set up the model for a one day simulation under extended period flow 

conditions and made further changes to the model to obtain satisfactory match between 

simulated and observed data.  The model was used to define the preliminary design of the 

scenarios to perform hydraulic model-based energy audit of the network. For scenario anal-

ysis energy use review of the network, hydraulic model-based energy audit was performed.  

Energy optimization consisted of a review of pump operations and their efficiency, and sys-

tem wide energy audit including all pump stations, tanks, pressure control valves, structure 

etc. 

 

Major works undertaken during the task were the following: 

• Cleaned and revised GIS database and topology information, supplemented with 

feedback for improvement. 

• Digitalization and revision of all pump characteristic and efficiency curves. 

• Cleaned and revised CIS information and consumption connected to the network 

• Revised measurement data and feedback for improvements. 

▪ Network pipes have been imported based on the current VIKNS GIS database’s 

shape files. 

▪ Node elevations data based on contour map were interpolated. 
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▪ Demand allocation have been developed based on available measurements and ge-

olocalized CIS information. 

▪ Liman Pump station as main facility was included in the hydraulic model. 

▪ Control rules were developed to define the pump operations (time and level control) 

and describe Srem area system operating structure is interconnected and have a 

complex operating rule-based system which needed to be implemented. 

▪ The hydraulic model was fine-tuned using data collected  by VIKNS SCADA system, 

from 2019 September 2020 September. 

This hydraulic model report documents the model building steps. The report contains in the 

annexes, photographs and other information collected during site visits and various meet-

ings. 

 

2.2. DATA NEED AND VIKNS DATA SUPPLY 

The hydraulic model has been developed to help VIKNS Water Utility in: 

▪ Understanding the behaviour of the existing supply and distribution system; 

▪ Identifying possible causes of operational problems (e.g. closed or partialized 

valves); 

▪ Assessing the carrying capacity of the existing system; 

▪ Supporting the design of future analysis for energy consumption. 

The hydraulic model was developed using the MIKE+ software program and the working 

model was registered in WaterNet Advisor for submission to the Water Utility. 

Data supplied by VIKNS: 

▪ Distribution network pipelines. 

▪ Source and reservoir details. 

▪ Metered consumption and billing records. 

▪ Pump details. 

▪ Existing monitoring data. 

▪ General system operation. 

▪ Currently used or available hydraulic model(s) for Novi Sad water supply network or 

part of the network 

▪ Overall map about the system and water supply system schema of the operation 

with topology elements in the water supply system of the Srem area (pipes, pumps, 

valves, fire hydrants, tanks, pump stations, location of significant elements of the 

network like water treatment plants, inflow and outflow points from or to the net-

work, etc.), GIS data. 

▪ Information on pumps in the water supply system of the Srem area – location, type 

of each pump, any description of the pump (on which rules it operates and where it 

is exactly), Q-H curve of the pump (actual q-H curve of the pump and if it does not 

exist then any official from distributor if it is possible), photo about each of the 
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pumps, measurements for pumps, pressure, flow, frequency, working hours, with 

time series ( for the period of September 2019 to September 2020) 

▪ Location of measurement points for flow, pressure, level etc. with time series for 

period September 2019 to September 2020 

▪ Any other measurements like hydrants test, loss measurement etc., with time series 

for period September 2019 to September 2020 

▪ Biggest consumers (hospitals, schools, university, industry etc.) in the network – lo-

cation and time series of measurements, for period September 2019 to September 

2020 

▪ Water balance calculation - mean figures on water balance calculation made based 

on IWA methodology (aim: to understand NRW value) 

▪ If there were any bigger pipe failure events during the period September 2019 to 

September 2020, the overview (location of the event in GIS map) is valuable for the 

current work. 

 

The Network Overview Map is reported in Figure 1Hiba! A hivatkozási forrás nem talál-

ható.. 

Figure 1 Network overview map 

 

The final model included 

• 210 km pipelines with 1606 junctions  

• 44 pumps 
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• 14 tanks 

• 2 breaking chamber 

• ~8800 demand locations  

• All available operational rules implemented 

 

2.2.1. NETWORK PIPES 

The pipe network GIS data handed over to our team was imported from the source shapefile 

into the MIKE+ modelling software. The supplied hydraulic model includes the water supply 

pipelines and all objects that significantly influence flow and pressure conditions, such as 

reservoirs and major pump stations. 

This process is intended to serve as a quality check of the existing database and readiness 

to work with it as model input data. The pipe network connectivity was checked during the 

data import, and the program automatically created pipe start and end nodes.  

Pipe network connectivity was checked after the automatic import. After complete cleaning 

and checking the data were corrected where necessary, like in the actualization of pipe net-

work, connectivity problems, missing elements, missing connections, and missing pipes, 

which also the GIS database of the drinking water supply network was made, which included 

removing unlinked or duplicate nodes. 

There were several disconnected parts of the pipe network and they were manually con-

nected with the rest of the pipe network after clarification with the with the Water Utility 

staff of the water utility. Water treatment plants were schematized during this process. 

Topology was developed based on this information with the following steps: 

• the pipe network connectivity was checked during the data import and pipe start 

and end nodes were automatically created by the program  

• missing elements, missing connections, missing pipes and missing areas were com-

pleted  based on discussion with the Operator 

• missing information for pipe network like friction was estimated based on the ma-

terial and the estimated years of service. 

• network elements were re-connected, connectivity was also checked with Water Util-

ity staff, 

• unlinked or duplicate pipes were removed or simplified, 

• unlinked or duplicate nodes and junctions were removed or simplified, 

• multipart, T junctions and self-looped pipes were cleaned and re-defined,  

• pressure control elements, valves’ locations were corrected and connectivity to net-

work topology was checked and defined treatment plant, pump stations, hydro-

phore stations and breaking chambers were schematized during this process, 
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connectivity to network was checked and defined and operation were defined by 

rule system 

The coordinate projection of the pipeline network is SRID=3909, MGI 1901 Balkans zone =7 

The pipe network dimater changes between 20-900 mm. There are several different kind 

materials used: AC, PE, PEHD, steel, duktil, asbetcement,  PVC. 

 

The pipe statistics from the model is reported in Table 1. 

 

Table 1 Pipe statistics 

 

 

 

 

Pipe diam-

eter 
Material Length (m) 

 

Pipe diam-

eter 
Material Length (m) 

20 galvanized 228.87  150 AC 10890.37 

  (blank) 9.21   cast 129.19 

25 galvanized 1300.79   PVC 2569.89 

 PE 209.21   STEEL 0.66 

  PEHD 643.34    (blank) 6.73 

30 galvanized 112.63  160 PE100RC 1395.74 

32 PEHD 332.66   PEHD 1757.13 

40 galvanized 403.16   STEEL 0.43 

  PEHD 176.42    (blank) 0.23 

50 AC 81.45  200 AC 3543.04 

 cast 1.36   cast 16.59 

 galvanized 2813.76   Duktil 138.53 

 PE 326.29   PEHD 6.00 

 PEHD 2784.58   PVC 1638.96 

  PVC 549.28   STEEL 14.85 

63 PE 2573.84    (blank) 1.94 

 PEHD 2019.62  225 PEHD 6849.86 

  (blank) 60.58    STEEL 1.13 

65 galvanized 368.44  250 AC 7819.32 

  PVC 608.03   cast 2.57 

75 cast 218.14   Duktil 23.85 

 galvanized 1119.29   PVC 318.28 

 PEHD 237.36   STEEL 5.42 

  (blank) 11.94    (blank) 2.51 

80 AC 7017.40  260 AC 159.73 

 cast 3.89    PVC 1277.29 

 PE 7.82  280 PEHD 2290.89 

 PVC 513.79  300 cast 3.13 
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Pipe diam-

eter 
Material Length (m) 

 

Pipe diam-

eter 
Material Length (m) 

  
steel seam-
less 23.48    PVC 10.65 

90 PE 2578.45  315 PE 552.22 

 PEHD 11129.25    PEHD 3274.57 

 PVC 72.11  350 AC 621.65 

 STEEL 2.99  400 AC 2231.87 

  (blank) 92.46   Duktil 4611.62 

100 AC 49420.69   STEEL 3.19 

 cast 68.25    
steel seam-
less 39.42 

 Duktil 3.41  450 AC 2367.31 

 PE 17.01  500 cast 3.56 

 STEEL 243.01   Duktil 1237.83 

 

steel seam-
less 158.49   Polyester 1934.26 

  (blank) 16.43    
steel seam-
less 126.04 

110 PE 4776.15  600 Polyester 127.25 

 PEHD 42729.22   STEEL 11.34 

 PVC 10498.05    (blank) 0.59 

 STEEL 263.35  850 Polyester 83.90 

  (blank) 228.72  900 AC 1192.76 

125 AC 329.45   S 67.49 

  PVC 107.84   STEEL 189.99 

     

steel seam-
less 1231.22 

      (blank) 80.47 

 

 

2.2.2. NODE ELEVATIONS 

Node elevations were developed based on the available digital terrain model and contour 

maps obtained from the Water Utility, as these are important in modelling work. These ele-

vations were processed with MIKE+ Interpolation and Assignment tool and junction node 

elevations were interpolated using the inverse distance method from neighbourhood man-

holes and network elements. 
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FIGURE 1 HYDRAULIC MODEL NODE ELEVATIONS  

2.2.3. PUMP STATIONS AND TANKS 

Building the model all pump stations, tanks, reservoirs and breaking chambers were sche-

matized and set up in the model.  

For all the tanks, reservoir geometry and characteristic curves were digitalized, minimum, 

maximum level, inactive volume were defined and their operation were defined by control 

rules and measurement information. The following tanks and reservoirs were implemented 

in the model: 

1. Reservoir Institut  
2. Reservoir Tatarsko brdo  
3. Reservoir Čardak  
4. Reservoir Prekidna komora (Breaking chamber)  
5. Reservoir Bukovac  
6. Reservoir Mošina vila (R1), Popovica, Sr.Kamenica 
7. Reservoir R2, Popovica, Sr.Kamenica  
8. Reservoir R3, Popovica, Sr.Kamenica  
9. Reservoir Lovački dom, Ledinci  
10. Reservoir Prekidna komora Ledinci  
11. Reservoir Klisa (R4), Ledinci 
12. Reservoir Bubanja (R5), Ledinci  
13. Reservoir Doka, Sr.Krlovci  
14. Reservoir Čerat, Sr.Karlovci  

 

For all the pump stations all the pumps’ information were digitalized like type, characteristics 

curves, efficiency curves, etc and were implemented into the model. All pumps were sche-

matized and implemented based on local description, SCADA information and system 
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description. their operation were defined by control rules and measurement information. 

Implemented pump stations include: 

 

1. Pump station PS Liman 

2. Pump station PS Institut 

3. Pump station PS Tatarsko brdo 

4. Hydrophore station (HS) Čardak 

5. Pump (booster) station Bukovac 

6. PS Doka 

7. HS Čerat 

8. Pump (buster) station BS Andreja Volnog 

9. Pump station PS Kod pruge (PS1) 

10. Pump station PS1-1 , HS1Popovica 

11. Pump station PS2 Popovica 

12. Reservoir R3 - HS3-1 and HS3-2 

13. Pump station PS Srebro  

14. Pump station PS Lovački dom (RPS1) 

15. Pump station PS Kod crkve (RPS2) 

16. Hydrophore station (HS) Klisa 

 

The system also has two hydraulical objects which fulfil pressure controlling roles and con-

trol inlets, these are: 

 

1. Breaking chamber (Prekidna komora) Bukovac 

2. Breaking chamber (Prekidna komora) Ledinci 

 

The objects hold a previously defined pressure level for the selected network sections. 

 

2.2.4. DEMAND ALLOCATION AND LEAKAGE 

Water consumers were added into the model as separate node demands with their own 

diurnal curve based on which zone they belong to. Altogether 11473 consumers were in-

cluded of which 8 were big consumers.  8821 consumers were possible to locate based on 

the available CIS and GIS information. For these consumers average demand was calculated 

based on the monthly readings and connected to network junctions based on zone and 

closest pipe. 

Several zones were developed. For each zone average demand and their curve was deter-

mined. The water metered data were provided for these water consumers from 2019 (Sep-

tember 2019-September 2020) and outflow measurement were supplied with a typical time 

step of 15 minutes. Based on this data we developed diurnal curves for water users.  

Demand patterns were developed by DHI own solution and in discussion with Client repre-

sentatives. 
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Leakage (a NRW demand component) was estimated as the difference between produced 

and invoiced water.  

 

2.3. LIMITATIONS OF THE MODEL 

The model itself is ready to perform system performance analyzes, show impact of opera-

tional change in flow, pressure, and energy use. The supplied hydraulic model includes the 

water supply pipelines and all objects that significantly influence flow and pressure condi-

tions, such as reservoirs and major pump stations. Current model is an extended period 

simulation model setup for one day, capable of simulating how different parts of the net-

work receive their water supply.  The model is capable:   

• To analyze the operation of the already existing system, to identify strengths and 

weaknesses, to support more efficient management decisions. 

• To compare the operation of current and planned systems, to examine the effects of 

reconstruction, interconnections, and the impact of the design  

• To analyze energy consumption of network operation, calculate peak, average and 

minimal energy consumption of all of the pumps on the system in all scenarios, av-

erage power consumption and energy costs in different scenarios 

• To perform hydraulic calculations (flow and pressure data calculation) based on real 

measurement data 

• To make capacity analysis  of the network and also calculating remaining capacity  

• The perform shutdown planning  to determine impact of pipe maintenance on the 

water supply conditions. It helps the Operators and Modelers to define the shut-

down, find isolation valves, run hydraulic simulations, and evaluate simulation results 

and effects ont he network. 

• To make hydrant analysis to calculate hydrant discharge and residual pressure de-

pending on operation conditions  

• To perform water age analysis on the network 

• To make source tracing analysis to calculate travel times and flowpaths within the 

water supply and distribution system 

The goal of the work was to find energy driven scenarios where then the hydraulic perfor-

mance analyzes is also possible to make. Now it is possible to generate scenarios for the 

possible modifications of the networks. In all of these cases the physical behavior of the 

network have been tested, not just from the energy consumption, but from an operational 

reliability point of view. It means, that scenarios which can maybe spare a huge amount of 

energy, but not feasible from the practical operation, have been neglected. 

Altogether, the model which we have provided, not just capable to model the real-life water 

distribution network, but it can serve as guinea pig for the possible network modifications, 

like it can be used for future non-revenue water analysis or this model can fulfill other roles 
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when the real-life or (small segregated section) testing of a new possible can be too expen-

sive for the application.  

To exactly quantify non-revenue water reduction  aspect of operations changes and energy 

optimalizations interventions further real-time testing and additional detailed measure-

ments on the network, insides operation zones are needed, and additional development of 

the water consumption model with on-site survey  would be have been needed which were 

not possible, with tight schedule of the project and the delays and travel restrictions caused 

by the pandemic conditions in the project period.   
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3. HYDRAULIC MODELLING OF ENERGY 

SAVING SCENARIOS 

 

3.1. TECHNICAL OVERLOOK 

Based on the provided data, the main pumping station (PS Liman) has been identified 

as the best place to start an efficiency analysis, as this station has three pumps, which 

are far older than their 30th birthday. These pumps were built by Jugoturbina (nowa-

days Pumpe Nove) their technical mark is DH58-35. The technical parameters of these 

pumps can be seen in the table below: 

Number of pumps/active 

at once 

Nominal head  

(1 pump) 

Nominal flow rate 

(1 pump) 

Nominal revolution rate 

(1 pump) 

3/1 75 m 500 l/s 1450 1/min 

 

The nominal performance of a pump is 480 kW. Compared to all of the other pumps 

in the system these pumps have far higher performance, even compared to the pumps 

which are supporting the flat area (pumping station Strand). The nominal performance 

is 150% higher compared to the pumps of Strand and compared to every other pump, 

the nominal performance of these pumps is more than 500% higher. The importance 

of this pumping station is clear from the viewpoint of functionality, as this station is 

responsible to support the largest reservoir in the system, which has 15000 m3 capacity 

and its name Reservoir Institut. As the main task of these pumps is to refill this crown 

reservoir, these pumps work during the night in most cases.  

3.2. ACTUAL OPERATION OF THE PUMPING STATION 

In order to gain a proper overlook about the current operational practice, the delivered 

timeseries have been analysed in their whole length (from Sept 1st, 2019 till Sept 1st, 

2020). The average working method can be seen in the figure below. 

Figure 2 The operation of the pumping station Liman 
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The analysis proved the same trend as it was expected according to the function of this 

pumping station, the manually selected pump works through seven hours during the 

night, which is a standard operation from a crown reservoir filling pumping station, in 

every case only one pump is working and two pumps are act as a safety reserve. It is 

clearly seen from the timeseries analysis that the actually used pump (from the three 

available) are selected randomly by the operating staff. After its start this pump works 

in the same working point in order to fill the reservoir Institute and during the night 

(from 0:0 AM till 7:00 AM) this pumping station supports the following pumping sta-

tions also: PS Srebro and PS Kod Pruge.. According to the figure above, which presents 

the working conditions of September 1st, 2019 it is clearly seen that the pump is slightly 

overburdened, reciting that the nominal flowrate of the pump is 500 l/s while the av-

erage flowrate of the timeseries is 536 l/s. As the flowrate is higher the head of the 

pump is decreasing from 75 m to 70.132 m. This evidence is suggesting that these 

pumps do not work in their optimal working point, as in most of the cases the nominal 

pump parameters are given in the optimal working point. The following graph presents 

the head of the pump as a function of the flowrate (this graph has been digitalised 

from a provided old diagram, on mm sheet). 

Figure 3 Pump as a function of the flow rate 
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After the data digitalisation processes a second order polynomic fit has been com-

pleted on the datapoints. Even though a third or higher order fit can produce a better 

fit, according to the relevant literature in most of the cases the pump characteristic 

curve follows second order curve and even with low order fit a 0.9832 correlation factor 

is reached. The next graph presents the characteristic curve of the pump from the 

viewpoint of efficiency. The horizontal axis presents the flowrate, while the vertical 

shows the percentage of the efficiency. It must be mentioned that these curves were 

digitalised from an old diagram, which means that these efficiency values can be lower 

on a higher scale due to the depreciation process of these devices. 

Figure 4 Efficiency of the pump as a function of flow rate 
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Based on the figure we can conclude that the pump is working near in its performance 

limit, far away from its optimal working point which is between 400 and 450 l/s.  

It is also a shocking recognition that the pump characteristic curve just holds up to 550 

l/s which means, that this pump has only a few percent performance reserve. Accord-

ing to this evidence three possible straightforward ways of optimisation is suggested 

to increase the efficiency of the pump and the decrease the cost of the operation: 

1.) The complete replacement of the currently installed pump with a new pump, 

which has better efficiency and larger performance reserve. 

2.) While maintaining the existing devices the installation of a new but a lot smaller 

pump, to reduce the load of the main pumps, thus increase their efficiency and 

reserve. 

3.) At last, the cheapest possible solution is to analyse the possibility of the run 

time modification of the pumps. 

3.3. PUMP REPLACEMENT IMPACT ANALYSIS 

As the current documentation is just a preliminary estimation procedure, the long pro-

cess of the new pump selection has been simplified. As nowadays even such large 

pumps can easily reach 92-95% efficiency, as a pessimistic guess 90% efficiency have 

been selected for the pump which will replace the original under this impact analysis 

(in the same working point).  

As a first step, the power consumption of the original pump has to be calculated. To 

reach this extent, the effective hydraulic performance has been calculated as 

𝑃ℎ = 𝑄 ∙ ∆𝑃 [𝑊], 

y = -2E-07x3 - 0.0003x2 + 0.3692x
R² = 0.9985
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where Q is the flowrate in [m3/s], and ∆𝑃 is the pressure difference between the suction 

and discharge side of the pump in [Pa]. Dividing the effective performance with the 

specific efficiency value the power consumption can be calculated. Based on the given 

timeseries the energy consumption of the pumps can be calculated, as it is straightfor-

ward the comparison between the solutions is a one-year average comparison. Which 

means, that the power consumption is calculated based on the measured hydraulic 

parameters for the original pump and these values were used for the selection of a 

new pump, but in this case with 90% efficiency (while the average efficiency of the 

original pump is ~70%).  Model calculations show that the new pump can save about 

400 MWh per year compared to the original Jugoturbina pump. It is important to point 

out, that these calculation in the first case was implemented numerically by the use of 

the physical equation of continuity and energy retention. For the exact numbers which 

are produced by the hydraulic model, see the next chapter. 

 

3.4. THE AUXILIARY PUMP IMPACT ANALYSIS  

In this scenario the main instrument of the water transfer remains the already installed 

three large Jugoturbina pumps, only a smaller pump will be implemented which can 

decrease the needed flowrate of these pumps, thus the working point of the devices 

will be closer to the optimal ~400 l/s value. As in the previous case, the pump is se-

lected with 90% efficiency and it has a frequency modulator. It is important to notice, 

that in this case where two pumps work in a parallel way, the flowrate of the two pumps 

adds up, while the head remains almost the same. According to this, the pressure val-

ues of the given timeseries are used, and the flowrates are selected to move the work-

ing point of the original pump 435 l/s working point, which is the maximal point of the 

efficiency curve. As a result, the auxiliary pump has to produce 100 l/s to produce the 

missing amount flowrate. The technical schematic of this setup can be seen in the fig-

ure below: 

Figure 5 Schematic of the auxiliary pump impact analysis 
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This modification has a far smaller resource cost – as just one smaller pump has to be 

bought – but still considerable electricity savings of about 200 MWh per year can be 

reached. It is important to point out, that these calculation in the first case was imple-

mented numerically by the use of the physical equation of continuity and energy re-

tention. For the exact numbers which are produced by the hydraulic model, see the 

next chapter. 

Figure 6 Summary of scenarios used in PS Liman 

 

 

 

3.5. SCENARIOS FOR ENERGY IMPACT  

The final scenarios which are made for energy calculations are based on the following: 

• Scenarios take into account both technical and energy price aspects of 

the operation 

• Calculated energy consumption of all of the pumps on the system with 

10 minute time steps in all scenarios are calculated 

• Calculated peak, average and minimal energy consumption of all of the 

pumps on the system in all scenarios 

• Hydrodynamic and energy analysis in all scenarios is available to check 

the performance of the system. 

 

Scenarios applied to determine electricity consumption are described below: 

 

The selected curve 
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0. Baseline: This scenario presents the actual working condition of the Water Distribu-

tion Network. Pumping station Liman pumps water during the night, through 7 

hours, to the crown reservoir Institute. The pump is started at 12 AM and stopped 

at 7 AM. The current Jugoturbina DH58-35 pump is used under this scenario. 

 

1. SCENARIO 1 – Pump change: During this analysis, the original pump of Liman (Ju-

goturbina DH58-35) is replaced by a new KSB Omega C type pump, which has ap-

proximately 20% improved efficiency compared to the original pump. In the case of 

this scenario the frequency modulation losses have been neglected thus the pump 

was picked by the KSB pump selector application for the exact working point of the 

original case – which was determined by measurements. The sole reason while the 

KSB pump was selected is that the KSB was the only distributor that was able to send 

us a proper price and detail list about their pump before the deadline. 

 

2. SCENARIO 2 – BY-PASS + FQM: Improvement of the system as described below. 

 

Figure 7 Schematic of buy-pass + FQM analysis 

 

 

In the case of this scenario an auxiliary pump has been implemented beside the 

original Liman Jugoturbina DH58-35. As an extension for the original pump a fre-

quency modulator (FQM) device is also applied with -8% frequency modulation. 

With these modifications the PS Liman will work in their nominal working point, 

where the differences in the flowrate will be covered using the auxiliary pump.  

 

3. SCENARIO 3 – FQM Liman: In this case a frequency modulation device is applied 

for the extension of the Liman pumping station, while no auxiliary pump is imple-

mented. To produce the same amount of flow and pressure the Liman pumping sta-

tion in this case starts at 12 AM but will work for 9 AM not 7 AM. This solution – like 

all the others – inhibit the appearance of the cavitation, while the reduction of the 

revolution rate will move the nominal working point closer to the optimal. 
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4. SCENARIO 4 – OM + PUMP CHANGE: During this scenario the whole working 

method of the water distribution network is modified. Contrary to the original one, 

now the filling of the crown reservoir is happening during daylight, from 8 AM till 3 

PM. This scenario is useful under the assumption that daylight electricity prices be-

come lower (chapter 4). This change is meant by the abbreviation of OM (Operation 

Modification). The pump change means the replacement of Liman like in Scenario 1.  

 

5. SCENARIO 5 – OM+BY-PASS+FQM: During this scenario, the whole working 

method of the water distribution network is modified. Contrary to the original one, 

now the filling of the crown reservoir is happing during daylight, from 8 AM till 3 

PM. Besides this change in operation the whole scenario is like Scenario 2, where an 

auxiliary pump and frequency modulator is applied into the Liman pumping station.  

 

6. SCENARIO 6 – OM +FQM: This scenario is completely like Scenario 3, except that 

the pumping station Liman is started at 8 AM and stopped at 5 PM.  

 

7. SCENARIO 7 – OM: This case is presenting the original scenario – Scenario Base – 

except that pumping station Liman is starting at 8 AM and work till 3 PM. 

 

8. SCENARIO 8 – 2P+PUMP CHANGE: During this scenario, the whole working 

method of the water distribution network is modified. Contrary to the original one, 

now the filling of the crown reservoir is happening in two different sections, from 1 

AM till 5 AM and from 10 AM till 3 PM. Besides this change in operation the whole 

scenario is like Scenario 2, where an auxiliary pump and frequency modulator is ap-

plied into the Liman pumping station.  

 

9. SCENARIO 9 – 2P+FQM: This scenario is completely like Scenario 3, except that 

filling of the crown reservoir is happening in two different sections, from 1 AM till 5 

AM and from 10 AM till 3 PM, by the pumping station Liman. 

 

10. SCENARIO 10 – 2P: This case is presenting the original scenario – Scenario Base – 

except that pumping station Liman filling the crown reservoir  in two different sec-

tions, from 1 AM till 5 AM and from 10 AM till 3 PM. 
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3.6. SUMMARY OF ENERGY DRIVEN SCENARIO ANALYZES 

(SYSTEM PERFORMANCE PERSPECTIVE) 

 

The main findings and result of the scenarios and cost analyses show that 

• Main energy consumer of the system is PS Liman and its and main reservoir 

Institute operation defines the system’s performance 

• Scenarios aiming at the Liman provide the best results for energy saving 

• Complete replacement of the current pump is one of the options 

• Implementation of a bypass pump is possible 

• Run time modification of the pump looks feasible. Extended operating hours 

require frequency modulation. 

 

When deciding on the scenarios to be analysed in-depth, we need to consider the energy 

savings and the related cost balance and hydraulic conditions. Scenarios 8-10 require the 

operation of Liman for two intraday periods. This may be attractive from the perspective of 

energy prices, but starting Liman twice a day created hydraulic problems as significant pres-

sure fluctuations appeared, especially when intraday demand schedule is also considered, 

which may lead to pipe bursts. Therefore when selecting scenarios and scenario combina-

tions for in-depth analysis, Scenarios 8-10 were excluded, and only Scenarios 1-7 and the 

Baseline are utilised. This way, energy, water supply demand management, hydraulics and 

water quality issues are handled together, and their best combination can provide a good 

service base for a water utility company. 
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4. ELECTRICITY PRICE FORECASTS 

4.1. THE EUROPEAN POWER MARKET MODEL OF REKK 

The European Power Market Model (EPMM) is a unit commitment and economic dispatch 

model which simultaneously optimizes all 168 hours of a week and determines the produc-

tion level of each modelled power plant unit. One model run covers 12 representative weeks 

of a year, from which results can be extrapolated to all hours of the year. The optimisation 

calculates the solution with the lowest system cost, that includes both start-up and shut-

down costs of the power plants, the marginal cost of production (mostly fuel and CO₂ costs) 

and the costs that occur in case renewable production cannot be taken over by the network, 

even though it would be available1. Spinning reserve requirements are also included in the 

model as constraints, both the optimal upward and downward reserve capacities are mod-

elled. 

The model covers 41 markets of 38 countries and more than 3000 power plant units. The 

covered countries include all EU Member States, the Energy Community Contracting Parties, 

and further countries bordering this region. Power flow is ensured by more than 100 inter-

connectors between the markets, where each market is treated as a single node.  

The most important outputs of the market model are wholesale prices for each market in 

each modelled hour, power flows between markets, and production and CO2 emission of 

each power plant unit. 

4.2. WHOLESALE PRICE FORECASTS FOR SERBIA  

The model provides the Serbian wholesale electricity prices for each hour of the modelled 

years. The modelling is carried out until 2045, so 25 years lifetime of the investments can be 

evaluated. It is worth noting, that besides the exact price levels what are even more im-

portant are the trends and the modelled relative price levels of the different periods com-

pared to each other. 

Wholesale prices are not equal to retail (end user) prices, but they serve as the basis for 

estimating the energy price component of the electricity bills. In our calculation (presented 

in more detail later) the energy component fee equals the 102% of the wholesale price, 

calculating with an assumption of a 2% supplier margin.  

From hourly prices yearly and monthly average prices and also the typical daily price curve 

or the average price of a given period (e.g. day/night) can be calculated for each year. This 

latter can help to determine the cost-optimal operation time for the hydraulic system in the 

different years. The evolution of yearly average wholesale prices (baseload prices), and 

monthly averages in December and July of the modelled years are presented in Figure 8. 

 

1 The model includes a penalty, that reflects that when renewable electricity is available but not used 

producers need to be compensated. 
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FIGURE 8 WHOLESALE ELECTRICITY PRICE FORECAST, 2020-2045 

 

Source: REKK modelling 

After the sharp increase in prices until 2025 (following the path of the economic recovery 

after the pandemic) we see a slow, gradual increase in baseload prices until the end of the 

modelled period. This increase is mainly driven by the increasing CO2 quota prices – alt-

hough the Serbian power plants are not obliged to pay for emissions now, these prices still 

affect the Serbian power market through the interconnectivity with EU countries (and also, 

in 2030 Serbia is assumed to join the EU’s Emission Trading System – ETS). 

The increasing difference between the December and July average prices is the result of 

increasing photovoltaic (PV) generation. Solar energy is available to a higher extent in the 

second and third quarter of the year, while in the winter solar plants generate much less 

cheap electricity (marginal cost of solar energy generation is close to 0), thus prices are 

higher in the winter months, that are also usually the ones with higher electricity consump-

tion.  

The effect of PV-based generation in the future is clearly visible if we have a look on day 

and night period average prices2, and the daily price curves (these include the average price 

of every 1st, 2nd, 3rd, etc. hour of the day in the given year). The daytime period becomes 

cheaper than the night time period from 2030 onwards, as the PV penetration in the region 

reaches a certain level. From then on, the difference is continuously increasing until 2045 

between day and night average prices. The form of the price curve also changes drastically 

in the future (see Figure 10) due to increasing solar generation. 

 

2 Day period: 06:00 – 21:59, Night period: rest of the day (0:00-06:00 and 22:00-0:00) 
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FIGURE 9 SWITCHING AVERAGE PRICES OF DAY AND NIGHT PERIODS  

 

Source: REKK modelling 

FIGURE 10 CHANGES OF PRICE PATTERNS THROUGHOUT THE DAY 

 

 

Source: REKK modelling 

4.3. CO2 INTENSITY OF ELECTRICITY PRODUCTION  

To quantify the emission reduction effects of the different investments and operation sce-

narios we calculated the CO2 intensity of electricity production in Serbia. This indicator is 

calculated as the total CO2 emission of electricity production in Serbia (in kg) divided by the 
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total Serbian electricity production (in GJ). If Serbia is in a net importer position in a given 

hour, then the average European CO2 intensity is also taken into account in the calculation, 

proportionately. 

Figure 11 shows a sharp decrease in the Serbian carbon-dioxide intensity after 2025. Serbia 

is assumed to join the EU-ETS system in 2030 year, meaning from then on, all Serbian elec-

tricity generators need to pay for their CO2 emissions. This means a competitive disad-

vantage for fossil-based producers, especially the ones burning coal and lignite, and the 

operators with older, less efficient plants, so these more polluting plants are going to oper-

ate less.3 

FIGURE 11 AVERAGE YEARLY CO2 INTENSITY OF SERBIAN ELECTRICITY 

PRODUCTION 

 

Source: REKK modelling 

As it is presented on Figure 12, PV production also has a significant effect on the CO2 inten-

sity of the overall electricity generation. In hours of the day when solar energy is available 

(mostly between 8 o’clock and 18 o’clock) the emission per produced electricity is much 

lower than in the night hours, when more fossil plants are needed to satisfy demand. The 

overall carbon-dioxide intensity decreases significantly in all hours by 2045 as the result of 

high renewable penetration, while the daily differences are higher in 2030, when fossil pro-

duction still has a rather significant share in the European electricity mix. 

 

3 The two modelled corner years are 2025 and 2030. Assuming a linear interpolation between them 

is a reasonable approach based on the latest policy developments in Serbia, that suggests coal phase-

out (shutting down power plants that burn coal and lignite) might already start before 2030, 
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FIGURE 12 DAILY PATTERN OF CO2 INTENSITY OF SERBIAN ELECTRICITY 

PRODUCTION 

 

Source: REKK modelling 

4.4. FROM WHOLESALE PRICES TO THE ELECTRICITY COSTS 

As mentioned above, the wholesale prices are the starting point for the calculation of elec-

tricity costs. The energy component cost has the highest share from total electricity cost 

elements, around 60-65%4. There are several further elements of the electricity bill that are 

included in the calculation (e.g. network fee, excise duties, etc.). These are kept at the level 

as they are on the received bills5 (2020 May).  

Both for network fees and energy component fees the present billing includes separate 

tariffs for the day and night periods (breakdown of the hours are the same presented as 

above). Calculation of the energy costs is carried out along two approaches. In the first case 

the present tariff structure is assumed to be maintained in the future, and the exact tariff 

levels are estimated based on the modelling results. This means for each year we calculate 

the average of all night and all day periods, and the assumed tariff is the 102% of these 

average wholesale prices (including supplier margin). The network tariff levels are kept as 

they are, together with all other elements on the bill. In the second approach we assume an 

hourly pricing, that means the energy component fee is different for all 8760 hours of the 

year, and it is indexed to the hourly wholesale electricity prices. This indexation is a rather 

common approach in more developed and liberalised electricity markets in Europe. Total 

network fee to be paid is assumed to be exactly the same as in case of the original billing 

structure. The two calculation approaches are summarised on the following figures. 

 

4 Even higher if we do not take into account the value added tax. 
5 For the calculation we used the values for the Strand measurement point, as this is the point with 

the highest consumption. 
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FIGURE 13 LOGIC OF ELECTRICITY COST CALCULATION (UPPER: EXISTING 

TARIFF STRUCTURE; BELOW: HOURLY PRICING)  

 

 

Source: REKK 

Differences between the total costs of the two approaches turned out to be less than 1% 

for different pre-defined consumption levels and patterns, thus in the cost-benefit analysis 

(CBA) we only calculate with the (on the long term more likely) hourly pricing approach. 
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5. COST BENEFIT ANALYSIS (CBA) OF THE 

ENERGY SAVING SCENARIOS 

 

In the previous chapters we introduced potential energy saving measures for the Srem 

drinking water network and also the electricity price forecasts for the Serbian electricity 

market. In this chapter we are combining these analyses – and some additional information 

– into a cost benefit analysis, to see if the proposed energy saving measures make economic 

sense.  

When an energy saving investment takes place, there are various costs and benefits: 

• Investment costs take place at the beginning 

• Future maintenance costs of the technology may change as a result of the invest-

ments 

• Electricity will be saved compared to the present, this is a benefit 

After estimating all of these items for all inspected scenarios, we calculate their present value 

by discounting all future values to current value6. For this we use a uniform discount rate for 

all cost and benefit items. Once the present value of all items have been calculated, we can 

add them up and see if a planned investment will generate net benefits, i.e. if total benefits 

exceed total costs. 

The value of carbon emission savings is also calculated, but this is not included in the CBA, 

because this type of benefit cannot easily be turned into revenues or reduced costs by 

VIKNS. However, the value of carbon savings may be an important information for donors 

or government decision makers. 

The time horizon of the CBA is 25 years, covering the period 2021-2045. While many large 

pumps have a useful lifetime beyond this period, we decided to set a 25 year boundary for 

our analysis for two reasons: 1) the electricity price forecasts are available until 2045 and 2) 

any meaningful discount rate will substantially reduce the present value of financial items 

beyond the 25 year period. In other words, any benefits or costs that take place after 2045 

have negligible impact on the net present value. 

 

 

6 “Present value (PV) is the current value of a future sum of money or stream of cash flows given a 

specified rate of return. Future cash flows are discounted at the discount rate, and the higher the 

discount rate, the lower the present value of the future cash flows.” https://www.in-

vestopedia.com/terms/p/presentvalue.asp  

 

The present value of a future value is calculated using the following formula:  

𝑃𝑟𝑒𝑠𝑒𝑛𝑡 𝑣𝑎𝑙𝑢𝑒 =  
𝐹𝑢𝑡𝑢𝑟𝑒 𝑣𝑎𝑙𝑢𝑒

(1 + 𝑟)𝑛
 

where r is the discount rate and n is the number of years. 

https://www.investopedia.com/terms/p/presentvalue.asp
https://www.investopedia.com/terms/p/presentvalue.asp
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5.1. THE COMPOSITION OF THE ENERGY SAVING SCENARIOS  

Chapter 3.5 provided a summary of the energy driven hydraulic scenarios. There are 4 dif-

ferent technologies (baseline, pump change, auxiliary pump, frequency modulation) and 

various operating schedules for Liman. As explained in chapter 3.6, scenarios in which Liman 

is started twice a day are excluded from further in-depth analysis due to the hydraulic chal-

lenges associated with this scheduling. For each of the technologies thus two scheduling 

scenarios were tested: operation during the night, and operation during the day. While de-

fining these schedules was driven by different electricity price expectations for different 

hours of the day, the hydraulic performance associated with these schedules is also different, 

as electricity demand changes by the hour and the status of the reservoirs (level of water) 

also varies. 

The key features of the analysed scenarios are included in Table 2. The various technologies 

are explained in more detail in Chapter 0.  

Table 2 Key features of the in-depth hydraulic scenarios 

 

 

In Figure 14 the intraday hourly electricity consumption (capacity) is depicted for the sce-

narios with night schedule. Evidently, changing the technology results in electricity savings. 

The average energy use in kW is displayed together with the scenario names in the bottom 

of the figure. The pump change, e.g. results in a 10% saving compared to the Baseline sce-

nario (422 kW vs. 468 kW). In S4 („FQM 9 hours”) the pump is equipped with the frequency 

modulator to enable it to run for 9 hours at a lower capacity than usually.  
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Figure 14 Modelled electricity consumption for the Srem area for Scenarios Baseline, 

S1, S2 and S3 (kW) 

 

 

In a similar fashion, in Figure 15 the daytime electricity use of the various scenarios is com-

pared to the Baseline scenario. The magnitude of the electricity savings is similar. 

Figure 15 Modelled electricity consumption for the Srem area for Scenarios Baseline, 

S4, S5 and S6 (kW) 
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For each of the above technologies two time periods were run. E.g. pump change to KSB 

Omega C was run with a night schedule (S1) and a day time schedule (S4). For some years, 

especially early years, the night schedule makes sense as electricity in these years is cheaper 

during the night than during the day. For other, later years, however, the daytime schedule 

results in lower electricity costs. Therefore S1 and S4 can be combined, applying S1 in early 

years and S4 in later years. Similarly S2 and S5 can be combined, as well as S3 and S6. Finally, 

for the Baseline scenario also two schedules have been run and combined. The scenario 

combinations are illustrated by Figure 16, indicating also the year in which we switch to the 

daytime electricity use. 

Figure 16 Scenario combinations for in-depth analysis 
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5.2. INVESTMENT AND MAINTENANCE COSTS 

Compared to the Baseline scenario each additional scenario requires the installation of a 

new technology. Price offer was secured for the KSB Omega C pump (purchase + installa-

tion). For the bypass pump and the frequency modulator prices were gathered from the 

webshops of various suppliers – these technologies are more standardised, that is why there 

was less need for individual price offers. While no new investment is needed for the Baseline 

scenario, the original pump is getting old and requires a reconstruction in the foreseeable 

future. A cost estimate for the reconstruction has been developed together with the experts 

of VIKNS. Under the “Bypass + FQM” and the “FQM 9 hours” scenarios it was concluded that 

the current Jugoturbina pump would not face the same level of cavitation problems as un-

der the Baseline scenarios, and consequently, it would not require the same reconstruction 

activity either. 

The annual maintenance cost of the Baseline scenarios was estimated based on VIKNS rec-

ords of mechanical and electric maintenance costs and parts replacement from recent years. 

For all the other scenarios it was assumed that maintenance costs would be lower due to 

more modern technologies and lower wear and tear. 

The assumptions on investment and maintenance costs are included in Table 3. Black char-

acters describe our original cost estimates, while red characters display figures used for sen-

sitivity analysis, or stress test. The goal of the sensitivity analysis is to see how the results of 

the CBA would change if some of the assumed costs were less appealing from the 
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perspective of technology change, i.e. the cost of reconstruction or the cost of maintenance 

in the baseline scenarios turns out to be lower, or the investment costs of the other scenarios 

turns out to be higher. 

 

Table 3 Investment and maintenance costs of the scenarios, including assumptions 

(in red) for sensitivity analysis 

 

 

 

5.3. THE VALUE OF ENERGY SAVINGS 

The electricity costs of the established scenarios can be calculated by multiplying the mod-

elled electricity use for each hour of the year by the projected price for the same hour. Figure 

17 shows the modelled electricity costs for the Srem area between 2021 and 2045 for all 

four scenario combinations. In line with our energy market forecasts, the total electricity 

expenditure is destined to increase compared to current conditions, but any energy saving 

investments reduce electricity costs compared to the Baseline scenario. This reduction, or 

the difference between the Baseline and the energy saving scenarios, is displayed by Figure 

18. Depending on the scenario and the year, the value of annual savings falls between 7 and 

26 thousand euros. 

 

Figure 17 Annual projected electricity costs of the Srem area under scenario combina-

tions (EUR, without VAT) 
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Figure 18 Annual projected electricity cost savings of the Srem area under scenario 

combinations compared to the Baseline (EUR, without VAT) 
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As indicated earlier, the CBA includes discounting. When we discount the value of all future 

energy savings, we arrive to the present value of 25 years worth of energy savings. Depend-

ing on the scenario and the applied discount rate, the following total savings are projected. 

The present value of the savings falls between 224 and 555 thousand euros. 

Table 4 Present value of energy savings depending on the discount rate and the sce-

nario 

 

 

5.4. DISCOUNT RATE ASSUMPTIONS 

The discount rate to be used for the CBA can be based on the cost of financing of VIKNS 

(i.e. the interest rate paid for loans). Since VIKNS does not take loans from commercial banks, 

such information is not directly available, but there are alternative ways to establish the 

discount rate: 

• In Serbia for large companies there are investment loans from government institu-

tions with an interest rate of 1%-1.8% with minimum loan 1 million RSD (~8.500 

EUR), and maximum value of 250 million RSD (~2.137 million EUR) for a duration of 

5-10 years, with a 1 year grace period. A discount rate in a similar range seems like 

a good estimate. 

• As VIKNS is a municipal company, and municipalities are directly or indirectly part of 

the national budget, state financing costs can also be used for the discount rate. 

Currently Serbia pays a 2.4% interest rate for Euro denominated 10 year government 

bonds. This can be another proxy for the discount rate applied for VIKNS invest-

ments. 

Based on the above considerations we concluded that two interest rate assumptions will be 

used for the CBA: 1% and 3%. The latter is probably the upper end of a reasonable range 

for discount rates, therefore if a CBA yields net benefits with 3% interest rate, then it is likely 

a good decision to make the investment.  
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5.5. RESULTS OF THE CBA 

We added the present value of all cost and benefit items for all scenarios and then compared 

these results to the present value of the Baseline scenario to see if implementing any of the 

energy saving measures would generate positive financial returns. The results are summa-

rised in the two tables below.  

As shown by Table 5, all of the energy saving scenarios generate substantial net benefits 

using a 1% interest rate. With the exception of the investment cost of the pump change (to 

KSB Omega C), all items indicate an attractive opportunity: lower investment costs than the 

reconstruction costs of the current pumps, lower maintenance costs and large electricity 

cost savings. The last item makes up the bulk of the benefits.  

The red row at the bottom of the table shows that even if the input variables are assumed 

in a pessimistic way, that is, increased investment and maintenance costs (see chapter 5.2 

for details), the net benefits are still very attractive with a present value of benefits between 

320 and 410 thousand EUR. 

Table 6 indicates that using a 3% discount rate, instead of 1%, would generate lower, but 

still very favourable net benefits. In a “worst case” scenario, when all assumptions are made 

in a pessimistic way, i.e. higher investment and maintenance costs for the energy saving 

scenarios, and a 3% discount rate, the net benefits would still sum to 250 – 300 thousand 

EUR depending on the selected scenario. 

 

Table 5 The net present value of energy saving scenarios compared to the Baseline, 

with use of a 1% discount rate 

 

Table 6 The net present value of energy saving scenarios compared to the Baseline, 

with use of a 3% discount rate 
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Based on the above we can conclude that the most attractive option is replacement of the 

pump, while the bypass pump + frequency modulator has more or less the same return 

profile as the extended hours of operation which only requires a frequency modulator, but 

not a bypass pump. 

Additional indicators on the financial performance of the energy saving investments are 

included in Table 7. The internal rate of return (IRR) shows the profitability of the investment, 

in other words, how much annual return it generates. The highest IRR belongs to the “FQM 

9 hours” scenario because it generates substantial returns with a relatively low initial invest-

ment requirement. In absolute terms, the pump replacement is still more profitable, but it 

also requires a higher level of investment. 

The payback time is an indicator that may be easier to grasp: how many years is required to 

fully cover the initial investment cost through the savings in electricity costs and lower 

maintenance costs. Depending on the assumptions, the payback time varies between 2.2 

and 6.3 years. All of these values demonstrate that the analysed measures represent highly 

attractive investment opportunities. 

 

Table 7 Internal rate of return and payback time of the scenarios 
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5.6. CARBON-DIOXIDE EMISSION ABATEMENT AND ITS VALUE  

As discussed in Chapter 4.3 the CO2 emissions of Serbian energy generation and import are 

expected to decline during the next decade. As a results, the carbon footprint of the elec-

tricity consumed by VIKNS will also decrease. Figure 19 shows the level of the annual CO2 

emissions associated with supplying the Srem area. Figure 20 illustrates the different be-

tween the energy saving scenarios and the baseline scenario. In essence, this is the CO2 

emission reduction impact of the energy saving scenarios. 

Figure 19 Carbon-dioxide emissions behind the electricity consumption of Srem sce-

narios (ton/year) 
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Figure 20 Carbon-dioxide emissions savings of the energy saving scenarios, compared 

to the Baseline (ton/year) 

 

There is a sizeable literature on the value of carbon-dioxide emission abatement. One can 

estimate this value based on the climate change related damage created by emissions, and 

scientists have come up with all different such values. Alternatively, we can use the market 
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price for a ton of CO2 emission allowance from the European emission trading market. This 

price is currently at about 50 EUR/ton. While this value constantly changes, as it is subject 

to varying demand and supply, it is more tangible than the damage based figures which are 

more theoretical and depending on the source, may take some extreme values. Thus we 

opted for the 50 EUR/ton figure and our calculations show that for the 25 year period the 

value of saved CO2 emissions reaches between 110 and 130 thousand EUR, in the same 

range or above than the investment cost of the scenarios. This implies that even without 

considering the net benefits described in Chapter 5.5, the energy saving opportunities at 

VIKNS are attractive for society. In other words, the government of Serbia, or a donor coun-

try/organisation could consider to pay for it simply to generate the corresponding CO2 

emission reductions. 

 

Table 8 The financial value of carbon-dioxide emission savings related to the water 

supply of the Srem area 
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6. CONCLUSIONS 

Water distribution systems are large, complex systems, especially our pilot area, Srem Water 

Supply Network. Pump stations and reservoirs are linked to each other, and a change in the 

performance of one pump station will impact the entire system. To gain a proper un-

derstanding of such a system, hydrauliac models -  a digital twin of the water supply system 

– can help, as they are capable of describing system performance via changes in water flow, 

level, pressure, and water quality parameters. 

The primary goal of our efforts to develop a hydraulic model for the Srem Water Supply 

Network was to support the calculation of  energy use under different operational scenarios, 

reflecting current infrastructural and operating conditions.  This included a simulation model 

setup for one day, capable of simulating how different parts of the network receive their 

water supply. Thus, the developed hydraulic model includes the water supply pipelines and 

all objects that significantly influence flow and pressure conditions, such as reservoirs and 

major pump stations. 

This digital twin is capable of calculating the detailed energy consumption of the network. 

With the use of this model, it is possible to analyze the main energy consumer elements of 

the network and analyse their operation, to calculate peak, average, and minimal energy 

consumption of all of the pumps on the system. These calculations are made for all scena-

rios, developing tabular outputs and graphs of pump utilization, average power con-

sumption and energy costs in 10 minute time steps considering aspects of both energy price 

and operation. These viewpoints were developed together with the project partners to sup-

port further analyses.  

Based on the provided data, model results and the selected scenarios, the central pumping 

station (PS Liman) has been identified as the best place to start an efficiency analysis and 

optimization, as this station has three pumps that were identified as the primary energy 

consumer of the system, and also the operation of the main reservoir, Institut, defines mainly 

the system’s performance, which this pumping station fills. 

Consquently, the final scenarios included in the CBA focused on the central pumping station 

(PS Liman). In some cases, the complete replacement of the current pump is considered, 

while in others, the implementation of a bypass pump and frequency modulation is model-

led. At last, a possible run-time modification of the pumps is analyzed. 

Final scenarios for energy calculations are based on the following:  

• All scenarios take into account both technical and energy price aspects of the ope-

ration  

• Energy consumption of all of the pumps on the system with 10-minute time steps in 

all scenarios are calculated  

• The peak, average, and minimal energy consumption of all of the pumps on the 

system in all scenarios is calculated and used for the analyzes. 
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• Hydrodynamic and energy analysis in all scenarios are made to check the perfor-

mance of the system which was possible to carry out with MIKE+ software which has 

operation hours and energy cost reporting function.  

We have successfully identified that the scenarios utilizing time windows for the optimal 

energy cost in the future are not always able to fulfil system water demand, while some of 

the scenarios create hydraulic conditions that can cause operational problems. This is a main 

lesson, namely that such complex issues need to be studied carefully and on a detail level 

required by proper analysis. The optimal solution is selected relying on both cost and ope-

rational considerations.  

The key messages of the project can be summarised as follows: 

• In the coming years as the Serbian electricity market is expected to become more 

competitive, medium and large consumers will find new opportunities to reduce 

their electricity bills. This will require novel electricity purchase agreements based on 

in-depth understanding of the electricity consumption profile and some degree of 

flexibility in adjusting to dynamic intraday price schedules. 

• Wholesale electricity prices are expected to increase during the coming decade, 

making investments in energy saving measures increasingly attractive.  

• The price increase will not be uniform: winter electricity prices are expected to in-

crease more than summer prices, and night period prices will rise more than day 

period prices, effectively night prices becoming more expensive. These trends are 

driven by the proliferation of photovoltaic generating capacities. 

• Electricity consumption in Serbia will continue to have a substantial CO2 footprint in 

the coming years, but CO2 intensity will stabilize on a low level after Serbia joins the 

EU Emission Trading System (assumed to happen in 2030). Policy driven coal phase-

out might probably already start in the second half of the 2020's, leading to the 

closure of more polluting and less efficient plants. 

• All three analysed energy saving measures are financially attractive. The largest net 

benefit (in terms of net present value) would be generated by pump replacement, 

but installation of a by-pass pump with a frequency modulator is also an appealing 

option, just like the extension of operating hours of PS Liman which requires a fre-

quency modulator. 

• The payback time of the analysed energy saving investments is low, depending on 

scenario assumptions it varies between between 2.2 and 6.3 years. 

• The inspected energy saving measures are not only reasonable financially, they also 

generate substantial CO2 reductions, especially during the first 10 years of the ana-

lysed time horizon, i.e. until 2030. The sooner they happen, the more climate related 

benefits they generate. 

• The monetised value of CO2 emission reduction alone would justify the energy sav-

ing investment: the government of Serbia, or a donor country/organisation could 

consider to pay for it simply to generate the corresponding CO2 emission reduc-

tions. 
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• We can also conclude that better understanding and more precise description of a 

water supply system at the operator enables a better identification and analysis of 

energy market based savings potential at water utility companies. The implementa-

tion of more frequent and advanced monitoring solutions and use of data feeding 

the real time digital twin of the system, can contribute to faster and more fact based 

operation of a water supply system, that ends up not only in faster reaction time, 

but cost and human resource effective measures as well, as demonstrated by our 

pilot project. 

• For the future the installation of additional digital solutions (smart meters, pressure 

meters, flow meters) is recommended. This could enable even 24-48h forecast of the 

energy demand and the water company can be in a position to purhase better prices 

in a liberalised energy market. Enhanced monitoring would also help to detect and 

warn the operator on time about the possible effects of the potential mistakes in 

pumping station operation or other operation induced transient flow appearance. 

 


