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1. Introduction– Industrial water circuits (IWC) in Europe represent 40% of the total water abstractions [1]. 

The energy spend in IWC, namely pumping systems, corresponds to 20% of the 25.3% final energy 

consumption in industries [2]. Several directives have been setup to improve the energy efficiency, reducing 

energy consumption and consequently, water consumption. Hence, increasing attention is being given to 

development and application of alternative strategies to reduce energy and water consumptions. This study 

is part of WaterWatt project [3] aiming to improve energy efficiency of IWC. 2. Modelling – A model was 

developed in OpenModelica, an open source software, object-oriented language for the modelling physical 

systems. The model corresponds to an industrial open cooling circuit of a hot rolling mill. It includes four 

cooling towers, three pump groups, two sand filters, an oil separator and a cyclone for the separation of 

suspended solids. All the pumps correspond to power of 110 kW, volumetric flow rate of 600 m3/h, static 

head of 45 m and rotational speed of 1450 rpm. The cooling towers include 4 fans with 22 kW of power 

and the circuit runs in total 6600 hours per year. 3. Optimisation measures- The paper analyses 5 

optimisation measures, which allow the energy reduction and guarantee the required operation conditions. 

The measures correspond to:  i) application of variable speed drives (VSD) in pumps, ii) the refurbishment 

of the pumps, iii) the change of sand filters to more efficient ones, iv)  the change of electric motors to ones 

with a higher efficiency (IE3 standard) and v)  the coupling of VSD to the cooling towers fans. 4. Results -

The results are presented in Table 1 and it includes the investment cost and payback. Simple payback was 

considered with average electricity price in Portugal of 0.0923 € [4].   Table  1. Proposed Measures 

Measures Annual energy savings (MWh) Investment cost (€)  Payback (years) [4] i) Couple VSD in pumps 

849,527 (23%) 64866 [5] 0.8 ii) Refurbishment of the pumps i)+ii) Couple VSD in pumps and 

refurbishment 524,175 (12%) 1,253,197 (29%) 436 65302 0.01 0.6 iii) Change filters (dp: 1.3 bar to 0.5 

bar) 146,667 (4%) 42196 3.1 iv) Change motors to high-efficiency ones (IE3) 212,458 (6%) 134916 [6] 

6.9 i)+iv)Change motors to IE3 and couple VSD 900,211 (24%) 199782 2.4 v) Couple VSD in fans 157,397 

(27%) 14872 [5] 1.0 5. Conclusions - The coupling of VSD in pumps and fans allowed the reduction of 

energy consumption by 23 and 27%, respectively. It is highly attractive due to the reduced amortization 

period, less than a year. The refurbishment of the pumps can return their efficiency to a similar level as 

new, allowing significant savings and short payback. Adding VSD, the energy savings are significant and 

return corresponds to seven months. The replacement of conventional motors to more efficient ones is less 

attractive due to its high initial cost. Also, the motors as well as filters are commonly changed only at the 

end of their lifecycle. However, if this replacement is joined with the application of VSD, it becomes 

attractive, being able to amortize the investment in 2.4 years. 6. References [1] [Online] Availabale: 
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