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ABSTRACT 
To enhance the sustainability of water supply systems, the 
development of new micro hydropower technologies remains 
substantial. In the framework of the DuoTurbo project, HES-SO 
Valais//Wallis and EPFL-LMH, in collaboration with industrial 
partners, have jointly developed a new micro-hydroelectric system 
for drinking water facilities, targeting a power range between 5 kW 
and 25 kW. A counter-rotating microturbine forms the core of this 
new energy recovery station. The modular in-line “plug & play” 
technology requires low capital expenditure, expecting profitable 
operation within 5 to 10 years. One stage of the DuoTurbo 
microturbine consists of two axial counter-rotating runners, each 
one featured with a wet permanent magnet rim generator with 
independent speed regulation. This compact design enables a serial 
installation to cover a wide range of hydraulic power. The first 
DuoTurbo product was investigated using CFD simulations and 
experimental tests to validate the design efficiency and 
methodology. Good agreements between simulated and measured 
hydraulic characteristics are observed. The developed machine 
provides a maximum electrical output power of about 6 kW for a 
head of about 75 m, reaching a hydroelectric efficiency of nearly 
60 %. End of 2018, the first product was installed at a pilot test site 
to assess its long-term behaviour. Estimations let anticipate an 
annual electricity production of 26 MWh at the pilot site. 
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1. INTRODUCTION 
Among today’s renewable energy sources, hydropower remains 
one of the most important suppliers of electricity, meeting over 15 
% of the global needs. In hydrologically and topographically 
predestined countries, hydropower constitutes even the bulk of 
electricity production. In Switzerland, hydropower covers more 
than 55 % of the electricity demand [17]. Thereby, small 
hydropower (SHP) facilities with a gross capacity below 10 MW 
constitute about 10 % of the Swiss hydroelectric capacity. Globally, 
energy strategies are evolving towards clean and sustainable 
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technologies that drives the expansion of SHP [20]. In Switzerland, 
the installed SHP energy production of 3.4 TWh/year is planned to 
be increased by up to 1.6 TWh/year before 2050. Micro-
hydropower (MHP), generally referring to power units below 500 
kW, can contribute to a noticeable extent to the SHP mix. 
Particularly the field of water treatment and distribution 
infrastructures hides a considerable MHP potential [11]. Therefore, 
energy recovery in the water industry using MHP is an active area 
of research, considering the various technical and economical 
complexities. 

Figure 1. DuoTurbo counter-rotating microturbine. 

In terms of installed as well as potential MHP in the Swiss water 
industry, drinking water facilities form the largest portion [3]. More 
than 100 drinking water turbines are already in operation 
Switzerland,  mainly installed at spring tapping infrastructures in 
alpine areas, where head values are significant [15]. Since 2008, a 
Swiss electricity supply act is in force providing compensatory 
feed-in remuneration for renewable energies. The newly introduced 
feed-in tariffs are encouraging MHP exploitation in lower power 
ranges. Nevertheless, many drinking water facilities with a 
potential of a few kW still remain untapped due to the lack of 
profitable solutions. Therefore, to enhance the sustainability of 

b EPFL, Ecole polytéchnique fédérale de Lausanne, Laboratory 
for Hydraulic Machines, Avenue de Cour 33bis, 1007 
Lausanne, Switzerland 



IAPE '19, Oxford, United Kingdom 
ISBN: 978-1-912532-05-6 
 

DOI: http://dx.doi.org/10.17501........................................ 
 
 

water supply systems, the development of low power hydroelectric 
technologies remains substantial. In this regard, HES-SO 
Valais//Wallis and EPFL-LMH have initiated the DuoTurbo 
project, to develop a new micro-hydroelectric system for drinking 
water facilities, focusing on an output power range between 5 kW 
and 25 kW. A counter-rotating microturbine, illustrated in Figure 
1, forms the core of this new energy recovery station. One stage of 
the DuoTurbo microturbine consists of two axial counter-rotating 
runners. The hydraulic performance of such type of turbine has 
been investigated by experimental and numerical methods [18][13] 
showing promising results. The compact axial design enables the 
integration into existing water pipelines with minimum or without 
civil engineering. A custom runner design strategy [1] is considered 
to maximize the electricity production at each site. To establish the 
final technical solutions, a prototype has been built in collaboration 
with industrial partners and tested at the hydraulic laboratory of the 
HES-SO Valais//Wallis [2][5]. Finally, by the end of 2018, the first 
DuoTurbo product was developed and installed at a pilot test site at 
Savièse, VS Switzerland, to assess the long-term stability of the 
system. According to the actual Swiss feed-in remunerations, a 
return of investment is expected to be achieved within 5 to 10 years. 
Furthermore, several sites are already planned to be equipped to test 
different operating conditions. 

2. DUOTURBO CONCEPT AND 
SPECIFICATIONS 
2.1 Global concept 
A generic global scheme of a drinking water facility with an 
integrated DuoTurbo energy recovery system is provided in Figure 
2. In the particular case of alpine regions with significant head 
values, a considerable hydraulic energy excess is dissipated by 
pressure relief valves. The DuoTurbo energy recovery station is 
intended to recover a part of this energy excess for a maximum head 
value of actually 80 m per stage. 

Figure 2. Generic global DuoTurbo concept. 

The core element of the developed technology is a counter-rotating 
axial microturbine with compact dimensions. Operational 
flexibility is achieved by the individual speed control of each 
generator to handle fluctuating hydraulic conditions. Commercial 
converters are used for the runner speed control and the power 
injection into the electrical grid. A controller manages the 
autonomous operation of the installation and monitors various 
hydraulic, mechanical and electrical parameters. To achieve a safe 
operation of the DuoTurbo turbine and to guarantee the 
functionality of the drinking water facility, additional hydraulic 
elements are essential. For drinking water networks with 

consumption driven discharge, the layout presented in Figure 2 is 
suggested. Two parallel branches are needed to ensure the water 
supply in case of a turbine failure or high water demand, as well as 
to protect the turbine from overload. Consequently, each branch 
must be equipped with a pressure relief valve to limit the 
downstream pressure at partial load and while bypassing. The 
pressure set point of the bypass relief valve is set slightly below the 
one of the turbine branch’s relief valve. This pure hydro-
mechanical configuration forces the closure of the bypass branch 
until reaching the turbine power limit. A solenoid valve is used to 
switch off the pressure control of the turbine branch’s relief valve,  
its deactivation initiating the closure of the turbine branch. 

2.2 Hydraulic turbine concept 
2.2.1 Turbine principle 
The DuoTurbo microturbine is an axial flow turbine with two serial 
counter-rotating runners per stage. In the field of turbomachines, 
the concept of counter-rotating axial rotors is known since many 
years and has been considered for potential use in gas turbines,  
aircraft engines [10] and both aircraft and ship propellers. Various 
studies of hydraulic counter-rotating axial pico- and microturbines 
for potential applications in water infrastructures have been 
published [8][14][16]. The counter-rotating concept is also known 
in the field of hydraulic axial flow pumps [9]. From the hydraulic 
point of view, the main advantages of the counter-rotating 
architecture of the DuoTurbo micro-turbine lie in the achievable 
specific energies, the flexibility of design and the adaptability to 
variable discharge operating conditions. The speed ratio between 
the two runners, referred as / , serves as an additional 
degree of freedom to handle off-design conditions. Site specific 
adaptations of the hydraulic characteristic can also be achieved by 
tuning the nominal speed ratio . To achieve a minimum design 
complexity, the DuoTurbo microturbine was intended to be 
vaneless. This implies an axial flow at the inlet of the first runner 
and the outlet of the second runner at nominal operating conditions. 

2.2.2 Energy transfer 
The specific energy  released from the fluid inside a horizontal 
hydraulic turbine is expressed as 

̅ ̅

2
 (1) 

where ̅ is the average static pressure, ̅ is the average absolute 
velocity amplitude and  is the density of the fluid. The index  and 
 ̅ refer to the high and the low pressure reference section 

respectively. The hydraulic power is then defined as 

	  (2) 

with  being the discharge. Assuming an inviscid flow passing 
through a runner on a constant spanwise coordinate, the Euler 
turbine equation applied to a given streamline yields to the relation 
between the transferred energy  to the runner and the balance of 
the flux of angular momentum between the runner’s inlet and 
outlet: 

 (3) 

Thereby, 	is the energy efficiency,  is the tangential runner 
velocity amplitude and  is the peripheral absolute flow velocity 
amplitude. In Figure 3, these velocity components are used to 
define the velocity triangles in an ideal situation.  denotes the 
relative flow velocity amplitude with respect to the runner and  
the meridional absolute flow velocity amplitude. 
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Figure 3. Velocity triangles of a vaneless counter-rotating 
turbine stage. 

2.2.3 Runner design 
On the basis of the velocity triangles defined in Figure 3, all relative 
flow angles  can be approximated, which determine to a large 
extend the runner geometry. The inlet blade angles are generally 
chosen according to the theoretical relative inlet flow angles, 
whereas for the outlet blade angles, the flow angle deviations  
must be considered: 

∗  (4) 

Flow angle deviations are difficult to predict, since they depend on 
the blade thickness distribution, the blade solidity (5) and the design 
point. Therefore, iterative CFD simulations are used to determine 
the required outlet blade angles and hydrofoil shape during the 
design phase. To generate the blade geometries, hydrofoils are 
defined at two radial positions using a direct profiling 
parametrization according to Figure 4. 

 

Figure 4. Direct profiling parametrization. 

Table 1. Runner specifications of the first DuoTurbo product.

Shroud radius  50 mm

Hub radius  43.5 mm

Axial blade length 30 mm

Number of blades of runner A 5 -

Number of blades of runner B 9 -

Blade solidity of runner A 1.44 -

Blade solidity of runner B  1.42 -

The shroud radius  and the hub radius  of the DuoTurbo 
runners are constant to simplify the fabrication process. The runner 
specifications of the first product’s hydraulic design are provided 
in Table 1. The blade solidity is calculated at the shroud radius with 
the number of blades  and the chord length . 

2 	
 (5) 

2.3 Mechanical concept 
In many aspects, the mechanical design is a key factor in regard of 
the success of the DuoTurbo product. The most crucial requirement 
addresses to the product robustness and lifetime to minimize the 
occurrence of maintenance operations. Since the targeted head 
values are untypically high for axial turbines, axial loads can be 
significant. An appropriate bearing arrangement with a reliable 
sealing is therefore required, excluding the risk of water 
contamination by lubricants. Drinking water conform materials are 
required for all submerged components. Further, the system 
efficiency is strongly related to the constructive arrangement that is 
therefore subject to the optimization process. An overview of the 
mechanical components is presented in Figure 5. 

Figure 5. Overview of the mechanical components. 

A key feature of the DuoTurbo microturbine are the wet permanent 
magnet rim generators. Thanks to their design, the mechanical 
complexity is minimal, reaching a high power density and 
minimum dimensions. However, disadvantages are encountered in 
regard to the disc friction losses created by the submerged electrical 
rotors. In the generator gap, a tube made of polymer is placed to 
separate the electrical stators from the fluid. Labyrinth seals 
minimize volumetric losses through the generator  gap. Actually, 
the outer turbine diameter is 300 mm and the axial total length is 
520 mm. 

2.4 Electrical and electronic concept 
Due to the particular architecture of the DuoTurbo microturbine, 
custom permanent magnet synchronous rim generators needed to 
be designed [19]. The generators were engineered in order to 
achieve a maximum electrical power for the given dimensional 
restrictions and rotational speed values. Specifications of the 
generators are presented in Table 2. Because of the small axial 
distance between the runners, partially wounded stators are 
required to guarantee the compactness of the system. The windings 
are therefore arranged only over 2×90° of the stator’s 
circumference. Further, the generator topology is defined by the 
number of poles, the number of slots, and the number of slots per 
pole and per phase .The electromagnetic design was performed 
and validated using FEM simulations. The simulation showed 
minimal torque ripple choosing q = 2, reaching an average dynamic 
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torque of 10 Nm at the rated point. Further, power electronics are 
key components for a micro hydroelectric system, since the 
generated electricity needs to be injected into the electrical network 
and the runner rotational speed may vary. The DuoTurbo recovery 
station uses three commercial frequency converters for the speed 
control and power regeneration of each generator and for the grid 
injection. The two four-quadrant converters on generator side can 
operate in drive mode for the turbine startup and in regeneration 
mode during normal operation. The electrical power is transmitted 
via direct current to third converter on the grid side, where 
synchronization and injection are performed. The runner speed is 
controlled in sensorless mode. 

Table 2. Generator specifications of the first DuoTurbo 
product.  

Inner rotor diameter 100 mm

Outer rotor diameter 126 mm

Generator air gap 2.9 mm

Active length 62 mm

Number of poles 8 -

Nominal rotational speed 3500 min-1

Nominal electromagnetic torque 10 Nm

Line voltage 400 V

Nominal electrical power  3.3 kW

Nominal efficiency  0.92 -

3. PRODUCT CHARACTERISATION 
METHODOLOGY 
3.1 Overview 
The diagram of the power flow through the DuoTurbo turbine is 
presented in Figure 6. Thereby, three types of data are distinguished 
for the product characterization methodology: 

1) Experimental data resulting from standard laboratory 
machine testing such as the hydraulic power, the 
electrical power and the hydroelectric efficiency . 

2) Numerical simulations data resulting from CFD analysis 
as part of  the runner design procedure such as the energy 
efficiency . 

3) Power losses measured or estimated by means of 
particular experimental setups during the prototype 
investigation phase. 

 
Figure 6. Power flow through the DuoTurbo turbine. 

This paper focuses on point 1) and point 2), since they are the most 
crucial for the product characterization and the runner design 
strategy. Apart from the efficiency terms, the dimensionless  
hydraulic characteristics according to the IEC standard [6] are also 
extracted from numerical simulations and experimental 
investigations. These characteristics, depending only on the head, 
the discharge and the runner rotational speed, are key to compare 
the numerical and experimental results, to validate the runner 
design methodology. 

3.2 CFD simulations 
3.2.1 Numerical Setup 
To evaluate the final hydraulic design, numerical flow simulations 
have been carried out with the commercial finite volume solver 
ANSYS CFX® 17.0. The software is solving the incompressible 
Unsteady Reynolds Averaged Navier-Stokes URANS equations in 
their conservative form and the mass conservation equation [7]. 
Steady state numerical simulations have been performed using the 
SST turbulence model [12]. A 2nd  order spatial scheme with a 
specified blend factor of 1 is used. A satisfying convergence is 
reached using a RMSmax criterion of 10-6 while the maximum 
number of iterations was limited to 700 iterations per operating 
point. The equations are discretized in a full computational domain 
with a mesh made with the ANSYS ICEM CFD® commercial 
software, generating structured grids with hexahedral volumes. The 
meshes of the four subdomains are presented in Figure 7, while 
specific information is given in Table 3. The  values, which 
represent the normalized size of the first cell close to the wall,  refer 
to the nominal operating point presented in section 4.1, Figure 9. 

Figure 7. Mesh and computational domains. 

Table 3. Mesh information. 

Domain Nodes Elements  

Stator upstream 401’274 378’880 13.64 30.64

Stator downstream 637’698 608’280 14.30 74.11

Runner A 640’035 601’760 33.16 86.87

Runner B 895’158 839’808 24.32 62.85

The fluxes at the domain interfaces are computed using a General 
Grid Interface (GGI) algorithm and a frozen rotor formulation is 
used. Boundary conditions are specified in Table 4. The rotational 
angular speed values are imposed on the rotating domains. 
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Table 4. Boundary conditions. 

Boundary Condition

Inlet Mass flow rate

Outlet Outlet with average gauge pressure (0 Pa)

Solid walls Smooth no-slip wall

3.2.2 Definitions for the simulations 
Since the leakage flow is not considered in the CFD simulations, 
the relation  applies, see Figure 6. So, the discharge 
coefficients are defined according to (6). 

The simulated specific energies of the different turbine domains 
correspond to the formulation (1), denoting the domain high and 
low pressure reference sections as  and ̅ respectively. The 
position of the reference sections used for the different simulated 
specific energy values are defined in Table 5 and Figure 7. 

Table 5. Reference sections for the specific energy 
computations. 

Variable Section  Section ̅

 Inlet Outlet

 Interface 1 Interface 2

 Interface 2 Interface 3

 Interface 1 Interface 3

Then, the different energy coefficients are computed by means of 
the corresponding specific energy and peripheral runner velocity: 

	
2	 	

	
 (7) 

	
2	 	

	
		,						 	

2	 	

	
 (8) 

	
2	

	
 (9) 

The energy efficiency values are then calculated with the simulated 
torque  acting on the runner walls, including the blade, the hub 
and the shroud boundaries: 

	
	 	

	 	
 (10) 

, 	
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 (11) 

, 	
	 	
	 	

 (12) 

3.3 Experimental investigations 
3.3.1 Experimental setup 
To perform tests of small scale turbines, pumps and other hydraulic
components, the University of Applied Sciences HES-SO 
Valais/Wallis has built a hydraulic test rig [4]. The DuoTurbo
microturbine has been installed on the test rig to realize
performance evaluation of the complete turbine operating range.
The test rig with the experimental setup is shown in Figure 8. Three 
parallel recirculating multistage centrifugal pumps with variable
speed supply the test circuit with fresh water from a main reservoir.

Figure 8. Experimental setup at the hydraulic test rig of the 
HES-SO Valais//Wallis.  

The meanwhile upgraded total pumping power of 42.5 kW delivers  
a maximum discharge of 130 m3/h and a maximum pressure of 16 
bar. Using a pressurized downstream reservoir, the setting level of 
the testing model can be variated to investigate the cavitation 
phenomena. The test rig is controlled through a customized 
LabView® interface, whereby either the rotational speed of the 
pumps, the head on the testing model or the discharge can be 
regulated. The measurements and the control of the test rig are 
managed by a wireless data communication structure. 

3.3.2 Testing methodology 
The instruments used to recover the hydraulic performances of the 
testing model (detailed in [5]) involve briefly an electromagnetic 
flowmeter used to recover the discharge and a differential pressure 
transducer for the testing head. Further, the electrical power and the 
runner rotational speed values are measured with a precision 
electrical multimeter. The characteristics of the main measurement 
instruments are presented in Table 6. 

Table 6. Characteristics of the main measurement 
instruments. 

Measured 
quantity 

Sensor type Range Accuracy

Discharge 
Electromagnetic 

flowmeter 
8..280 m3h-1 ± 0.2 %

Head  
Differential pressure 

sensor 
0..16 bar ± 0.1 %

Rotational speed 
Precision electrical 

multimeter 

0..50 kHz  ± 0.025 %

Electrical power 
0..1000 Vtrms

± 0.025 %
0..32 Atrms 

Concerning the testing methodology, at several constant testing 
heads between 1 bar and 8 bar, sets of operating points covering the 
ωA - ωB plane were statically measured, implying rotational speeds 
from 750 to 3500 min-1. Therefore, for practical reasons, the 
experimentally determined specific energy  is solely based on 
the static pressure difference between the inlet and outlet pipelines 
(13) at comparable positions to the inlet and outlet boundaries of 
the CFD model. Since the flow velocity components are generally 
unknown, a deviation between the measured and simulated specific 
energy (1) occurs if a swirl is present at the outlet section. However, 
the swirl energy becomes significant only for severe off-design 
conditions. 

̅
, 	

2	 	

	 	
 (13) 

Consequently, the measured hydroelectric efficiency  is 
defined as: 

	 	
	

	 	
		,				 	  (6) 
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 (14) 

Further, the experimentally extracted discharge coefficient  
(15) deviates slightly from the simulated term, since the measured 
discharge includes the leakage discharge . 

	
	

	 	

	

	 	
 (15) 

The order of magnitude of the leakage discharge lets anticipating 
volumetric losses below 4 % for the measured operating range. 
Therefore, the simulated and measured characteristics are assumed 
to be comparable to show up deviation trends. 

4. RESULTS 
4.1 CFD numerical simulation results 
A graphical representation of instantaneous relative velocity 
streamlines at nominal operating conditions is given in Figure 9. 
The indicated colour scale ∗ is calculated as the ratio between the 
local relative flow velocity amplitude  and the average 
meridional flow velocity in the upstream pipeline .  
Detailed results of the presented operating point are provided in 
Table 7.  

Figure 9. Instantaneous relative velocity streamlines for 
Q = 9 l/s, nA = 2250 min-1 and α = 1. 

 

Table 7. Simulation results at nominal conditions. 

      

[l s-1] [J kg-1] [J kg-1] [J kg-1] [W] [W] [-]

9 302 151 144 2’712 2’239 0.83

Simulation results of the runner A are given in Figure 10. Since the 
inlet flow remains axial, the efficiency curves are similar for 
variable speed ratios. Moreover, there is no significant effect of  
on the first runner’s characteristics curves. 

Figure 10. Simulated energy efficiency and hydraulic 
characteristics of the runner A. 

The characteristics of the runner B are strongly affected by the first 
runner’s outlet flow and therefore a distinct behaviour results for 
each speed ratio, see Figure 11. The second runner’s maximum 
energy efficiency is about 10 % higher than the first runner’s one, 
whereas, increasing the speed ratio has a negative effect on its 
performance. 

Figure 11. Simulated energy efficiency and hydraulic 
characteristics of the runner B. 

In Figure 12, results referring only to the runner domains are 
presented. It can be observed that the speed ratio has an important 
impact on the efficiency allowing to enlarge the operating range of 
the machine and thus its flexibility. A slight shift of the hydraulic 
characteristics for variable speed ratios is observed. 

Figure 12. Simulated energy efficiency and hydraulic 
characteristic of the runner domains. 

The simulation results of the entire numerical domain are provided
in Figure 13. Compared to Figure 12, the shift between the 
hydraulic characteristics is no longer present, since outlet swirl 
induced losses in the downstream stator seem to compensate these 
discrepancies. Further, energy losses in the order of 3-5 % within 
the stator domains can be anticipated. 

Figure 13. Simulated energy efficiency and hydraulic 
characteristics of the complete domain 

Generally, by increasing the effective rotational speed and 
therefore the hydraulic power level for a given speed ratio and 
discharge coefficient, the turbine’s energy efficiency increases. 
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4.2 Experimental results 
The electrical power of each measured ωA - ωB plane of constant 
head was interpolated in order to seek its maximum values for each 
discharge. The global hill chart of the maximum electrical power is 
provided in Figure 14. The corresponding efficiency hill chart is 
given in Figure 15. Operating limits are imposed by the admissible 
rotational speed and generator torque. The speed ratio varies from 
0.4 to 1.6 within the presented operating region. 

Figure 14. Measured maximum electrical power hill chart. 

 

Figure 15. Measured hydroelectric efficiency hill chart at 
maximum electrical power. 

4.3 Comparison between experimental and 
numerical results 
To validate the design methodology, the simulated and measured 
hydraulic characteristics are compared. Due to the distinctions 
between the measured and simulated energy and discharge 
coefficients, an accurate conclusion is not possible. Nevertheless, a 
comparison is still reasonable, because the deviations are estimated 
to be rather small. The results of the simulated and measured 
hydraulic characteristics for constant speed ratios as well as for the 
whole data sets are presented in Figure 16. Since volumetric losses 
shift the characteristics curve to the right, the simulated specific 
energy tends to be underestimated. On the contrary, the 
experimental energy coefficient is overestimated if an outlet swirl 
is present, which would lead to a better agreement of the compared 
values. Nevertheless, the observed discrepancies are quite small, 
thus, the design methodology is considered to be sufficiently 

reliable. Again, it can be observed that variations of the speed ratio 
do not affect significantly the global hydraulic characteristics. 

 

 

 

Figure 16. Comparison between simulated and measured 
hydraulic characteristics. 

4.4 Energy potential estimation 
Onsite measurements have been carried out at the pilot drinking 
water facility to study the operating conditions of the first 
DuoTurbo product. The measured net head and discharge 
probability density function (PDF) by intervals of 0.25 l/s are 
presented in Figure 17. The measurement time frame corresponds 
to one year. The estimated turbine head , turbine discharge 

 and electrical output power  are indicated as function of 
the total discharge  to clarify the DuoTurbo turbine’s operation. 
At the minimum discharge (a), the turbine is started and the turbine 
branch is opened. At the maximum turbine discharge (b), where 

≅ , the extra discharge starts to be bypassed. The 
presented estimations are based on the laboratory test results. Given 
the discharge PDF and the electrical output power, an annual 
energy production of 26 MWh is expected at the pilot test site. 

  

Figure 17. Characteristics of the pilot drinking water facility 
and estimated operation of the first DuoTurbo product.   
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5. CONCLUSION 
The drinking water industry hides a considerable energy potential 
that remains mostly unexploited for gross capacities of a few kW. 
In this context, the DuoTurbo research project has been initiated, to 
provide profitable energy exploitation of drinking water networks 
in the power range between 5 kW and 25 kW. A new hydroelectric 
recovery station with a counter-rotating microturbine has been 
developed, tested and installed at a pilot test site end of 2018. 
Thanks to the counter-rotating architecture with particular variable 
speed rim generators, a compact design reaching high specific 
energy values, operational flexibility and low mechanical 
complexity could be designed, engineered and realized. Detailed 
steady state CFD simulations were carried out to assess the 
hydraulic characteristics and energy efficiency of the counter-
rotating system. Laboratory tests were performed to validate the 
product performance. The hydraulic design procedure was found to 
be reliable comparing the numerically and experimentally assessed 
characteristics. The estimated operation at the pilot test site lets 
anticipate an annual electricity production of 26 MWh. Long term 
tests at the pilot test site are ongoing to validate the system’s 
reliability. 
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