
Assessing the energy saving and greenhouse gas 
mitigation potential on the drinking water network 

of the Water and wastewater Utility of Novi Sad 



Energy saving opportunitites have been assessed on the drink-
ing 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 saving 
measures).  

The work required a combination of engineering and 
economic expertise. The project team developed a 
hydraulic model, identified energy saving measures, 
simulated those scenarios via the hydraulic model to 
determine how much electricity would be saved dur-
ing different hours of the day. The project experts 
then analysed the Serbian electricity market to deter-
mine 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 sav-
ing 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 organisations: 

• ViKNS as the project beneficiary (https://www.vikns.rs/) 
• REKK providing expertise in energy markets and economics 

(https://rekk.hu/) 
• and DHI Hungary with water expertise via hydraulic model 

building and performance analyses of hydraulic system oper-
ation (https://worldwide.dhigroup.com/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 population 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 differ-

ences. This part of the network, called the Srem area, offers the largest energy 
saving potential, therefore it has been selected as the focus of the analysis. The 
biggest energy consumer is Pumping Station Liman (PS Liman), which pumps wa-
ter 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 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.  

https://www.vikns.rs/
https://rekk.hu/
https://worldwide.dhigroup.com/hu/


 Developing the hydraulic model 
As 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 sys-
tems), they consist of interconnected pipelines, 
storage tanks and pumps. Any intervention will 
trigger a cascading effect for the rest of the sys-
tem. That is why developing a hydraulic model is 
inevitable. 

The hydraulic model was constructed within the DHI developed MIKE+ software that is robust 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 incor-
rect 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 en-
ergy audit of the network to calculate peak, average and minimal energy consumption of all 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 Liman. Scenario analysis was therefore 
focused on these opportunities. 

Electricity price forecasts 
Electricity prices were forecasted with the European Power Market Model 
(EPMM) of REKK, a unit commitment and economic dispatch model cover-
ing 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 
modelled hour, power flows between markets, and production and CO2 
emission of each power plant unit. The model provides the Serbian whole-
sale 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 de-
velopment of the hydraulically modelled energy saving scenarios. 

Power market modelling results show that compared to 2020 average annual electricity prices in Serbia will in-
crease by about 60% by 2025, but only moderately during the following 20 years. At the same time, the difference 
between winter and summer prices will grow: 
winter prices will rise sharply, while summer pric-
es increase initially and decline later, due to large 
new photovoltaic generation capacities. For the 
same reason, day time prices will increase 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 
between 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 
considered in the analysis.  

Modelled energy saving scenarios 
The analysed energy saving scenarios were developed by combining the initial hydraulic model results and the elec-
tricity 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 ca-
pacities, 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 replaced 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 op-
eration at the edge of its capacities. As the top workload is now carried by the auxiliary pump, the Jugotur-
bina pump can work at a lower capacity, but that requires frequency control, thus a frequency modulator 
(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 enhanc-
ing the energy efficiency due to not being overstrained. This requires a frequency modulator, and some of 
the hours of operation 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 minimisa-
tion approach, i.e. running the pump during the continuous 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 investments 
•  Electricity will be saved compared to the present, this is a benefit 
 
After estimating all of these items for all inspected scenarios, their present value were calculated by discounting all 
future values to current value. For this a uniform discount rate was used for all cost and benefit items. Once the pre-
sent value of all items have been calculated, they can be added up and seen if a planned investment will generate 
net benefits, i.e. if total benefits exceed total costs. Compared to the Baseline scenario each additional scenario re-
quires 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 re-
construction 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 Ju-
goturbina pump would not face the same level of cavitation problems as under the Baseline scenarios, and conse-
quenlty, it would not require the same reconstruction activity either. 
The annual maintenance cost of the Baseline scenario was estimated based on VIKNS records 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 assumptions. 

Scenario 
Investment cost 

including installation 

Maintanance cost 
(estimated average) 

Baseline 
Reconstruction cost in 6-

10 years, about EUR 
50,000 (EUR 25,000) 

6,000 EUR/year 
(4,000 EUR/year) 

Pump change 
About EUR 75,000 (EUR 

150,000) 
2,000 EUR/year 

Bypass + FQM 
About EUR 34,000 (EUR 

70,000) 
4,000 EUR/year 

FQM 9 hours 
About EUR 20,000 (EUR 

40,000) 
4,000 EUR/year 

The electricity costs of the established scenarios can be 
calculated by multiplying the modelled 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 on the right. Depending on the scenario 
and the year, the value of annual savings falls between 7 
and 26 thousand euros. 
The discount rates used for the CBA were determined 
based on Serbian loan conditions, having reviewed op-
tions for both commercial bank loans and preferential 
government financing for green investments.  

Annual projected electricity cost savings of the Srem area under sce-
nario combinations compared to the Baseline (EUR, without VAT): 

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 CBA yields net benefits with 3% interest rate, then it is likely a good decision 
to make the investment. 
The present value of all cost and benefit items were added 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% discount rates and most of the benefits are related to energy cost savings, but mainte-
nance 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 corresponding payback time of the energy saving invest-
ments 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 the execution of any of the proposed energy saving 
measures are recommended. 



 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 bene-
fit 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 on the right shows the 
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. Alternative-
ly, the market price for a ton of CO2 emission allow-
ance from the European emission trading market 
can be used. This price is currently at about 50 EUR/ton. While this value constantly changes, as it is subject to vary-
ing demand and supply, it is more tangible than the damage based figures which are more theoretical and depend-
ing on the source, may take some extreme values. Thus the 50 EUR/ton figure was opted and the 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 attractive for society. In other words, the govern-
ment of Serbia, or a donor country/organisation could consider to pay for it simply to generate the corresponding 
CO2 emission reductions. 
 
The complete English language report is available at www.rekk.hu  

http://www.rekk.hu

