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The CleanPower Turbinator® eco-flow solution

Egil Opsahl

CleanPower AS
Setesdalsveien 110, 4617 Kristiansand S, Norway
e-mail: egil.opsahl@cleanpower.no

Norwegian hydropower producer Agder Energi Vann-
kraft AS (AEV) inaugurated its new Iveland Il hydro-
power plant mid-2016. Linked to this development was
an obligation to install a new eco-flow from the
Gasefla dam, situated 40 km north of Kristiansand in
Southern Norway. In order to fulfil the requirements,
various civil works, piping and technical equipment for
release and flow measurement would have had to be
installed.

The head is only 14 meters, and the release has season-
al variations, so a conventional turbine solution was
deemed unsuitable. AEV concluded to start an R&D
project to develop a solution for the eco flow that is
compact and cost efficient, and exploits well the avail-
able energy. The solution can be of interest for other
power producers in Norway and Europe, through the
ongoing implementation of the EU Water Framework
Directive, which will have significant impact on the
European hydropower sector. The solution can also be
used for existing eco-flow releases, independent of the
EU directive.

Through the R&D project, CleanPower AS has in-
stalled their newly developed solution that will produce
power from, while controlling and measuring the de-
livered eco-flow. The installation is expected to pro-
duce around 1,6 GWh per year, and continuously con-
trol the eco-flow release.

The CleanPower solution is based on the Turbinator®,
their axial flow turbine with integrated generator, com-
bined with installations that control and measure the
flow release. A continuously adjusted bypass valve
secures correct flow release under varying reservoir
water levels. The adaptation has minimal impact of the
nature and environment.
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Fig. 2: The Turbinator
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Introduction

Ocean and sea waves concentrate in themselves the
power of the sun. They are originated by consequence
of wind blowing over the water surface. Thus, the
stronger is wind, for longer duration it is blowing and
the longer is the fetch, the higher waves can be gener-
ated. And the higher is the wave, the more power it is
carrying. Although, oceans and seas are very hazardous
environments, they also are untapped renewable re-
sources of energy.

It is estimated that the global theoretical wave energy
resources are 1-10 TW [1]. Whereas in Europe they are
estimated to represent 16 % of the global total [2].
There are still many wave energy converters (WECS)
prototypes in the world, nevertheless only one technol-
ogy so far proved its technological readiness. This
technology is called oscillating water column (OWC)
and one the advantages of it is the possibility to build
WECSs in the existing seaports structures — breakwaters

[3].

Installing WEC using existing seaport structures has
several advantages. Firstly, it is the merit of using sea-
port infrastructure during the construction phase. Sec-
ondly, seaport means that electricity consumer for the
future plant is in the short distance. Here it is also
worth to mention easier nature of construction of OWC
plant with lesser amount of work under water compar-
ing with other WECs, especially deep water ones.

The main purpose of breakwaters is to dissipate the
energy of the waves. Building an OWC power plant
means that breakwater can become a multipurpose
structure generating electricity. In Lithuania, the
Klaipéda Seaport breakwaters (Fig.1) can draw atten-
tion in the future as a suitable site for an installation of
a WEC. Furthermore, the ongoing discussion concern-
ing the reconstruction of Klaipéda Seaport breakwaters
could lead to a consideration of construction of OWC
type wave energy converter. Therefore, the assessment
of the distribution of the theoretical wave power poten-
tial alongside both of the Klaipéda Seaport breakwaters
(northern and southern) is needed.

Methodology

Available multi-year (1970-2010) visual wave height
observations at Klaipéda coastal hydrometeorological
station were used as an initial data which allowed de-
termining multi-year monthly average wave heights

and average seasonal wave heights of the design years.
Into the examined range of wave heights fall 69.9 % of
the average monthly wave heights from the period of
1970-2010, hence this study reflects the situation dur-
ing majority of the year alongside the Klaipéda Seaport
breakwaters.
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Fig.1 The geographical position of the Klaipéda Seaport

The analysed wave heights were used as offshore con-
ditions in the numerical wind-wave model MIKE 21
NSW. This model was selected because it takes into
account effects of the refraction and energy dissipation
due to the bottom friction. Since, the coastal bathyme-
try of the studied site is quite regular and has negligible
diffraction effects, this allows to avoid more sophisti-
cated near-shore wave propagation models.

To assess the distribution of the theoretical wave power
potential alongside the Klaipéda Seaport breakwaters,
taking into consideration different wave propagation
directions, wave power fluxes in the deep water (20 m
depth) and alongside the Klaipéda Seaport breakwaters
(around 8.5 m depth) were calculated using the pa-
rameterized JONSWAP wave spectrum modified for
the Baltic Sea:

s(f)=K AT exp{—%lJ ]Vﬁ; (€

4\ f

where Ky is an empirically determined constant
(0,1786), Hs is the significant wave height, T, is the
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peak period, f, is the peak period, f is the wave fre-
quency and y is the peak enhancement factor.

B = exp(— u] @)

20‘2pr

o=0.07for f < fp, o =0.09for f > fp,

where o is the shape parameter.
Results

The examination of the results of the numerical model-
ling of the wave propagation to the Klaipéda Seaport
breakwaters revealed that the loss of the wave heights
for each wave propagation direction alongside northern
and southern breakwaters of the Klaipéda Seaport is
different. Therefore here the results are presented
where these losses are the lowest: alongside northern
breakwater, when waves are propagating from the
northwest (NW) and west (W); and southern breakwa-
ter, when they are propagating from the southwest
(SW). The results for the wave heights loss during the
high intensity wave year are presented in the Fig.2.
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Fig. 2 Variation of high intensity wave year’s monthly
average wave heights offshore and alongside the Klaipéda
Seaport breakwaters

From Fig. 2 it becomes clear that the rate of wave
heights loss depends from the wave propagation direc-
tion. While the loss when waves are propagating from
the SW and W are quite similar, the corresponding loss
when waves are propagating from the NW can be up to
two times higher. For example, propagating higher
waves (1.24 m) reach breakwaters losing 0.16 m when
propagating from SW, 0.21 m from W and 0.33 m form
NW. Lower waves (0.68 m) lose 0.04 m, 0.05 m and
0.11 m, respectively.

The effect of the loss of the wave heights of the waves,
propagating from offshore to the Klaipéda Seaport
breakwaters, on the wave power flux in the high inten-
sity wave year is shown in Fig.3.

Higher waves (1.24 m), when they reach breakwaters,
lose 31 % of their wave power flux when they are
propagating from the SW, 37 % when they are propa-
gating from the W and even 51 % when they are prop-
agating from the NW. Lower waves (0.68 m) lose 20
%, 23 % and 36 %, respectively. Hence, at first sight
insignificant reduction of the wave height is causing

substantial loss of the wave power flux alongside
breakwaters.
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Fig. 3 Variation of high intensity wave year’s wave power
flux offshore and alongside the Klaipéda Seaport break-
waters

The Baltic Sea does not have high potential of the
wave power, thus these loses are quite substantial. On
the other hand, every consideration of building a wave
energy converter not in the offshore areas will inevita-
bly encounter the loss of the wave power flux.

Conclusions

The breakwaters of the Klaipéda Seaport are designed
to protect the port. They are facing powerful western
directions waves and consequently could be used to
generate electricity from them.

This study revealed that most frequent lower waves in
best case scenario are losing only approximately 20 %
of their power. The change in wave direction and in-
tensification of the waves can considerably alter the
wave power flux loss.
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Introduction

In connection with increased capacity of hydropower
plants, increased requirements on the effectiveness of
individual elements of the flow pathway and in particu-
lar, on the outlet (draft) tubes of power plants with
horizontal bulb units, are ever more common. For low-
pressure hydropower installations with horizontal units
the cost of the outlet tube construction is up to 30 % of
the whole construction works cost (Clifford 1981,
Kline & Abbott & Fox 1959).

Outlet tube, being one of the main elements of the
feeder tract, largely determines the technical and eco-
nomic parameters of a pumping stations as well (Artsi-
amchuk, Sidorenko 2015).

It is designed for the following technological functions:

1. Conversion of kinetic flow energy into the pressure
energy with minimum hydraulic losses in the outlet
tube.

2. Formation of the flow pattern at the exit of a pump
impeller.

3. Overflow and lock-up device of a pumping station.

To perform these functions the most effective elements
of the outlet system are determined: adjustable guide
vanes, the outlet stay vanes, discharge diffuser and the
transition channel between the diffuser and the outlet
channel. On the basis of analysis of the energy loss
distribution in the flow path of hydraulic machines it is
known that great power losses occur in the outlet tubes
(Zubarev 1977, Gubin 1970, Varlamov 1976).

On the other hand, the level of hydraulic losses in the
elements of the feeder tract largely determines the
energy performance of low-pressure a pumping station
with horizontal bulb unit.

Analysis of the ways to improve axial flow pumps
shows that the possibility of increasing efficiency by
improving the system impeller blades and that of the
straightening guide vanes is a challenging task
(Zubarev 1977, Varlamov & Yablonskii 1977).

At the same time outlet tubes, in which intense flow
separation and irreversible losses of energy occur,
show considerable potential for increasing the efficien-
cy of horizontal capsular (bulb) units (Zubarev 1977).
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The relatively large velocity head of the impeller axial
pump and expansion of the flow in the outlet (dis-
charge) tube causes the largest hydraulic energy loss.
The influence of outflow device on the maximum effi-
ciency point at the axial pump discharge characteristics
has been also established (Bogdanovskii 1958).

The size and shape of the outlet tube show a significant
influence on the performance characteristics of a pump
unit. In some cases, the increase in the overall size of
the outlet tube is accompanied by an increase in capital
investments for construction and assembly work on the
pump power plant building with a horizontal capsule
unit. Hence there exists an optimum variant of the
outlet tube, in which the estimated expenditure of the
pumping station will be minimal.

Investigations by Pravdivets 1972, Slisskiy 1970 show
that the form of the downstream apron and its slope
angle affect substantially velocity distribution in the
exit section of the draft tube, which results in the
change of efficiency and capacity of the turbine. The
influence of conjunction slope behind the draft tube on
the turbine efficiency was investigated. The conjunc-
tion slope varied from m=1:5 to m=1:2. The estimation
of energy efficiency has shown that with conjunction
slope higher than m=1:2, the efficiency tends to de-
crease.

The investigations of a hydraulic unit model of
Cherepovetskaya hydropower plant [Kompleksnye...,
1966] have shown that the reverse conjuction slope of
less than m=1:4 does not influence the flow pattern in
the afterbay.

Layout solutions with rectilinear configuration of the
feeder tract have found the widest application in the
tidal power plants (TPP) and hydro power plants (HPP)
with bulb units, as such a configuration reduces flow
resistance in the hydraulic generating set flow path.
Reduction of hydraulic losses can be also achieved by
providing optimum flow conditions at the inlet of the
diffuser (Gubin 1970, Purdy 1979, Neve & Wirasinghe
1978, Klein 1981, McDonald & Fox 1966, Zuykov
2010, Kharkov 2010). In some cases, outlet tubes with
small uplift deflection of the diffuser can be used; this
reduces the amount of excavation and concrete work on
the underground part of the plant building (Rebernik
1974). In this connection two types of outlet tubes have
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been investigated — a straight and a bent one. Figure 1
shows a pumping station block model with a horizontal

bulb unit.
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Fig.1 A pumping station model with a horizontal bulb
unit (1- impeller, 2- straightening guide vanes, 3- stay
vanes, 4- streamlined capsule, 5- shaft housing, 6- closed
water-supply chamber, 7- outlet tube diffuser)

Statement of the problem
Optimization task

The study was conducted in order to develop a com-
puter model to optimize parameters of the outlet tubes
of large pumping stations with horizontal capsular
units. This model is a part of the general method of
optimizing the parameters of pumping stations of water
supply systems.

Fig. 2. Geometric parameters of the outlet system

To construct a model for optimizing the shape of the
outlet tube the main parameters were identified. Their
optimization should be carried out in conjunction
(Clifford 1981). These are geometrical parameters and
the type of the outlet tube. Geometrical parameters
include the length of the outlet tube elements (lo, Ik, Ip,
Iv) and the opening angle of the outlet tube elements
(bo, Ok, Bp). Geometrical parameters are shown in Fig-
ure 2. The parameters of the outlet channel conjunction
include Iy, I¢, y or Iv and m for straight outlet systems.
The alternative conjunction with the outlet channel is
shown by a dashed line and is determined by the dif-
fuser rise angle f.

With selected geometrical parameters and the type of
the outlet tube the cross-sectional area variation along
the length F(l) is uniquely determined. These parame-
ters enable complete mathematical description of the
outlet tube.

Experimental setup and models of outlet tubes

Studies of the performance and hydraulic characteris-
tics of the pump station block model with an impeller
diameter D1 = 0.35 m were performed at a special stand
in the laboratory of the Department of Water Power
Utilisation of the Leningrad Polytechnical Institute
(Vissarionov & Belyaev & Elistratov 1984) (Figure 3).

Fig.3. Photo of the experimental stand

Simulation was carried out in compliance with the
conditions Fr = idem in the area of self-similarity at

numbers Re> 5-10°. Energy and hydraulic studies of
the outlet tube of a pump station block with a capsule
unit were conducted in accordance with international
guidelines for model tests (International Code 193).
The performance characteristics of pump unit were
developed for fixed setting of impeller blades and the
straightening guide vane apparatus.

While studying the influence of conjunction parameters
on performance characteristics of a pump unit two
outlet systems were investigated: straight one with
various conjunction slope and a bent one with various
angle of diffuser axis slope. Figure 4 shows the geo-
metrical parameters of outlet systems with circu-
lar/square transition of the diffuser cross section. The
transition from round to square section is made on 2.5
D:. The length of outlet device is equal to 4.5 D;.

Two types of outlet tubes investigated - straight and
bent one - are shown in Figure 4.

The following models of outlet tubes were studied:
straight divergent cone of circular section with transi-
tion to a square section and with transition to a rectan-
gular section. We have also investigated the models of
outlet systems with diffuser axis slope angle p = 0°, 7°,
15%, 25° Experimental studies were conducted at the
constant shape and size of the remaining flow part.



RENEXPO Poland, EXPO XXI Center, Warsaw, October 19-20th, 2016 53

lo

Figure 4. Investigated types of outlet tubes:
straight and bent one

Results of performance tests

As a result of experimental studies the dependences of
the forms (1) u (2) have been established:
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Fig. 5. Influence of conjunction slope m on performance
characteristics of a pumping station with a bulb unit

Models (1) and (2) are based on the optimization of the
outlet tubes of pumping stations with horizontal capsu-
lar unit. Some simplified dependences (1) and (2) are
shown in Figure 5. These are the results of experi-
mental studies of the outlet tubes of straight and crank
types which have been plotted using dimensionless
coordinates of pressure and discharge factors, Ky and
Ko, respectively:

H

K, =——, 3
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Q
Ko = : 4
T (4)
Conclusions

1. It is an established fact that the size and shape of
the flow part of the outlet tube in the feeding tract
of a low-pressure pump have a profound influence
on the performance characteristics of the pumping
station. Therefore, the effectiveness of the pumping
station with the bulb units is intimately associated
with determination of the optimum shape and di-
mensions of the outlet tube.

2. It has been established experimentally that for the
outlet tubes of straight type with diffuser of circular
section maxima of efficiency occur when the length
of the outlet tube is equal 5D; and the ratio Fout-
et/ Finlet €quals 4. The outlet tubes with diffuser tran-
sitions to square and rectangular cross-section on
the 2.5D; length of the tube of the total length L =
4.5D,, reduce the maxima of the efficiency of the
pump unit, respectively to 0.7 and 0.9% in compar-
ison with the diffusers of circular section. The use
of the outlet tube of a cranked type with an angle of
ascent of the diffuser axis of 15°, starting at the dis-
tance 2D; of the impeller axis of the pump reduces
the value of efficiency by 0.5% in the zone of the
optimum characteristics in comparison with the out-
let tube of straight type (for L = 4.5D1, Fouttet/ Fintet =
4).

3. The experimental performance characteristics of the
pump power plant block model have been deter-
mined for various conjunction slopes downstream
the diffuser outlet section. A decrease in the maxi-
mum efficiency values occurs at the conjunction
channel slope m=1:2 No influence on the power ef-
ficiency was observed for conjunction channel
slopes m=1:5 and m=1:4. The increase of the slope
from m=0 to m=1:2 results in a decrease of effi-
ciency by 0.6% and the displacement of the effi-
ciency characteristics optimum zone to the left. At
the conjunction slope m=1:1 the decrease of power
efficiency by 2.5% takes place.

4. Practically equal decrease of efficiency by 0.5% and
0.6%, respectively, has been established in the zone
of maximum values of the bent type outlet system
with p=15° and the straight type outlet system with
conjunction channel slope m=1:2, beginning right
behind the discharge tube outlet section.
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Introduction

As the computational power becomes more and more
available, the computer-aided design plays increasingly
important role in hydraulic development of pumps. Not
only can be CFD simulations used for evaluating the
performance characteristics. When performed in an
automated way and coupled with a suitable optimiza-
tion method, it can become a very powerful tool. In this
paper, a combination of altering already existing design
through mesh deformation and a modern global opti-
mization method is used for tuning the pump to meet a
different set of requirements. This approach is shown
and discussed on a ANSYS CFX model of a radial
pump, working in both pump and turbine regime.

The optimization

The original CFD model is used as the starting point.
Then, based on geometric parameters, the meridional
and blade shapes are altered. The resulting design is by
evaluated by CFD simulation(s), and the resulting cost
functional assembled from multiple criteria. Namely
hydraulic efficiency and transport head in multiple
flow rates.

The optimization method used for minimizing the cost
functional is name Stochastic Radial Basis Function
method and is described in [1]. The scheme is as fol-
lows:

(1) Generate the initial Design-of-Experiment (DOE)
and compute the designs.

(2) Approximate the minimized function shape by
response surface, using Radial Basis Function.

(3) Based on the response surface shape, select new
design(s) for evaluation. These new points are se-
lected as a compromise between searching near al-
ready found minima and probing for new ones.

(4) Compute the design(s) and repeat (2) if necessary.

This method is very efficient in improving the design
in relatively few iterations, especially in case where the
CFD solver behaves as a “black-box” and derivatives
of the cost functional with respect to the geometric
parameters can only be obtained by numerical differen-
tiation. Which is true for any commercial CFD code. It
also allows for easy parallelization [2].

J. Kmec

Palacky University in Olomouc, Faculty of Science
Olomouc, Czech Republic

The test case — radial pump

The radial pump with specific speed ns = 158 was
selected as the initial target. For some specific applica-
tion, this pump was used in both pump and turbine
regimes. Thus, the optimization was performed with
respect to multiple flow rates in both regimes.

Only impeller was modified, the other parts were fixed.
There were five geometric parameters — hub and
shroud deformation, and blade shape modification
defined on three streamlines. For geometry creation,
CFD computation and results evaluation, custom Py-
thon scripts and CFX command-line capabilities were
used. For the objective function, the scalarization ap-
proach was used.

The details and the results will be discussed in the
presentation.
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Introduction: cavitation and droplet erosion

Cavitation and hydroabrasive wear may contribute sig-
nificantly to hydraulic machinery residual lifetime de-
crease or at least to degradation of streamlined surfaces
and deterioration of machinery performance character-
istics. Counter-measures include regular inspections
and overhauls as well as spreading carbide and nitride
protective coatings. Specialised deposition techniques,
such as High Velocity Oxygen Fuel (HVOF) thermal
spray systems are applied for this purpose. Similar
problems arise also due to droplet erosion in the last
stages of steam turbines at thermal power stations
(TPS) and nuclear power plants (NPS). The mechanism
of erosive wear of steam turbine rotor blades is associ-
ated mainly with the blade material fatigue failure due
to high mechanical stresses arising in the process of
droplet impact on the blade surface. These problems
are faced also in case of pumps and ship propellers,
mainly in case of partial immersing. Both cavitation
and droplet erosion problems are encountered in some
impulse hydraulic turbines.

Despite some differences in the erosion mechanisms
there prevails a general opinion of close correlation
between cavitation and droplet erosion resistance of
structural materials. Also similar protective coatings
may be used for two applications even if there exist
some differences in optimum deposition techniques.
Furthermore, cavitation resistance test techniques are
often used to assess relative material resistance to drop-
let impingement. The present contribution reports on
such a research scheme recently undertaken by a
Polish-Ukrainian research team. By using a cavitation
resistance test device, some conclusions concerning the
relationship between the protective coating structure
and the erosion resistance are of significance for hy-
draulic machinery applications.

Fundamental considerations

The main issue, which requires a study in order to de-
sign effective anti-erosion protective coatings, is the
question of the magnitude and sign of structural macro
stresses arising in the protective coating at the "sub-
strate-coating" interface. The results of numerical in-
vestigations of stresses in the Rayleigh wave which
propagates in the coating in the process of a droplet
impact on the surface of the blade, allow to make some
preliminary estimation of the effectiveness of anti-
erosion protective coating. The thickness of the chro-
mium anti-erosion coatings spread in vacuum sur-
roundings and proposed for the erosion protection of
the rotor blades should provide minimization of tensile
stresses in the Rayleigh wave and internal stresses at
the coating-substrate interface. For vacuum chromium
coating, which has the best protective properties, the
estimated coating thickness was about 15 + 20 mi-
crometers.

In view of the above, it is of interest to produce and
compare the protective efficacy of different coatings
with thickness up to 20 um deposited by ion-plasma
methods.

Methodology and results

The study presents results of the research on the effect
of protective ion-plasma CrC coatings on the mechani-
cal properties and erosion wear of stainless steel
18Cr10NiTi. Formation of ion-plasma CrC coating was
carried out in Kharkov Institute of Physics and Tech-
nology, using a modernized Arc-PVD apparatus, with
the reaction gas inlet (toluene vapor C7Hsg).

Characteristics of the deposited coatings were studied
using various techniques. The thickness of CrC coat-
ings was measured by a Calotest device. The adhesion
properties, hardness and elastic modulus, were meas-
ured by standard methods with the use of the Revetest
scratch tester (CSM Instruments) and the Rockwell test-
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er with a diamond type C Rockwell indenter. To de-
termine the micro hardness the Fischerscope®
HM2000 tester was applied. The surface roughness
parameters were measured by the Hommel Werke
T8000 surface roughness and topography measurement
system. The structure and surface morphology before

testing and after 30 minutes of cavitation exposure
were observed by a scanning electron microscope JSM
5500 LV. The composition of the coatings was ana-
lyzed by energy dispersive X-ray (EDX) spectroscopy
method.

WD 10.0mm

Fig.1 SEM cross section of the 20 pm CrC coating.
Magnification: left - x4,000; right - formation of the nanolayer structure, x20,000

CrC coatings with thickness of 15-17 um demonstrated
a fine multilayer structure with ac. 100 nm. thickness
of each layer (Fig. 1a,b.). As it is shown in Fig. 1a, the
coating contains three main layers: firstly, in order to
ensure good adhesion on the substrate, a layer of chro-
mium is deposited, then the main CrC multilayer coat-
ing is observed and finally on the top an approximately
3 um thick columnar layer is visible. The main element
of the coating was chromium carbide. The micro-
hardness of the coatings was about 2329 HV. Adhesion
of coatings was about 60 N. Taking into account low
hardness and large plasticity of the substrate, adhesion
of the coating was very high.
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Fig.2 Erosion curves of 18Cr10NiT samples covered with
3 coatings spread by means of the Arc-PVD technology.
Armco iron and 18Cr10ONiT curves are shown for
reference purposes

Cavitation erosion tests were conducted at the Szewal-
ski Institute of Fluid-Flow Machinery, Polish Academy
of Sciences (IMP PAN), using a rotating disk test facil-

ity. After 6 hours of test in demineralised water, mass
losses of CrC coated 18Cr10NIT samples appeared 5
times smaller than those of the substrate material (used
as a reference), and decisively smaller than those of the
CrN coated samples (Fig.2). Furthermore, negligible
scatter in CrC coating test results could be noticed.

Microscopic observations of the CrC coating conduct-
ed after 30 minutes of cavitation test show that the
coating degrades in few stages. In the zone of high cav-
itation load the outer columnar layer was initially re-
moved and then high-velocity pulses caused deep cavi-
tation tunnels due to shearing (Fig. 3a). Moreover, mul-
tiple impacts of cavitation pulses caused brittle fracture
of the coating. In the zone of lower cavitation load only
degradation of upper layer was observed (Fig. 3b).

Conclusion

It is possible to decrease the cavitation and droplet ero-
sion rate by using a properly structured multilayer CrC
coating. Further efforts aimed at development and op-
timisation of protective coating technologies are highly
desirable in view of their applications for streamlined
surface protection in hydraulic machinery, steam tur-
bines and ship propellers.
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Fig.3 Cavitation degradation of a 20 pm thick CrC coating.
a) cavitation tunnels, b) brittle fracture of the outer layer of the coating
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W dniu 22 wrze$nia br. w Centrum EXPO XXI w War-
szawie obradowata juz po raz piaty Polska Konferencja
Hydroenergetyczna [PKH] RENEXPO Poland. Wzo-
rem lat ubieglych, konferencja zorganizowana zostata
przez Towarzystwo Elektrowni Wodnych [TEW],
Towarzystwo Rozwoju Matych Elektrowni Wodnych
[TRMEW] , Instytut Maszyn Przeptywowych PAN
[IMP PAN ] oraz firm¢ REECO Poland Sp. z O.0.
Wsparcia finansowego udzielity spotki ENERGA SA,
PGE Energia Odnawialna SA, PROCOM System SA
oraz Instytut Napedow i Maszyn Elektrycznych KO-
MEL. Obrady toczyly si¢ w jezyku polskim i angiel-
skim. Tlumaczenie symultaniczne zapewnil Dzial
Handlowy Ambasady Krolestwa Norwegii korzystajac
ze srodkow funduszu Innovation Norway.

Sala obrad podczas otwarcia konferencji

Konferencje otworzyt prezes Zarzadu TRMEW,
p- Robert Szlezak, w obecnosci project managera tar-
gow RENEXPO Poland, p. Malgorzaty Bartkowski.
Towarzystwo Elektrowni Wodnych i IMP PAN repre-
zentowal w czgéci inauguracyjnej przewodniczacy
Komitetu Organizacyjnego PKH, dr Janusz Steller, zas
ze strony Ambasady Krolestwa Norwegii uczestnikow
powital jej radca handlowy, p. Arne Kjell Nielsen.
Wygloszono 21 referatow konferencyjnych oraz 2
referaty wprowadzajace do dyskusji panelowej. Tekst
wystapienia jubileuszowego oraz streszczenia pozosSta-
tych referatow opublikowano w ksiazce streszczen.
Podsumowanie debaty panelowej ukaze si¢ niebawem
na stronach internetowych TEW. Na stronach tych
udostepniono tez uczestnikom konferencji prezentacje
towarzyszace wygloszonym referatom. Od maja 2016
roku prezentacje te bedg ogodlnodostepne. Podobnie,
jak w latach ubiegtych, artykuly opracowane na pod-
stawie wybranych referatow zostaly zarekomendowane
do druku — gtéwnie, cho¢ nie tylko, na famach "Ener-
getyki Wodnej".

Konferencja zgromadzita blisko 90 uczestnikéw po-
wigzanych w rézny sposob z sektorem energetyki
wodnej. 17 uczestnikdw pochodzito z zagranicy - z
Norwegii, Litwy, Niemiec i Francji. Rosnace zaintere-
sowanie cyklem konferencyjnym sprawito, ze organi-
zatorzy podjeli ostatecznie decyzje o rozszerzeniu jego
formuly organizacyjnej. Od roku 2016 beda to dwu-
dniowe wydarzenia mi¢dzynarodowe. W zamysle or-
ganizatoré6w ich obszar oddzialywania powinien objac¢
kraje oscienne Polski, Skandynawie, Austri¢ i Wegry.
Przyciagnigciu wigkszej liczby uczestnikow z krajo-

wych osrodkow naukowych stuzy¢ ma wspotpraca z
czasopismem o dobrej pozycji na liscie czasopism
punktowanych MNiSzW. Obecnos¢ przedstawicieli
osrodkéw naukowych ma by¢ jednak tylko wartoscia
dodang i nie powinna zmieni¢ kluczowej roli partner-
stwa z ,,Energetyka Wodng”. Podsumowanie dotych-
czasowego dorobku, a takze szczegdty nowej formuty
konferencji przedstawil autor tego tekstu w swoim
wystapieniu jubileuszowym ,,5 lat Polskich Konferen-
cji Hydroenergetycznych - od HYDROFORUM do
RENEXPO Poland”.

Centralnym punktem obrad byla dyskusja panelowa
"Energetyka wodna w poszukiwaniu swoich szans",
ktora poprowadzit Stanistaw Lewandowski, prezes
honorowy i pelnomocnik Zarzadu TEW. Uczestnikami
dyskusji byli prominentni specjali$ci: pp. Jacek Cieslak
(Departament Eksploatacji PGE EO), Andrzej Grze$
(obecnie: TRMEW Obrét), Tomasz Podgajniak (obec-
nie: spotka ENERCO oraz PIGEQ), prof. Jan Popczyk
(Politechnika Slaska) i Stanistaw Porgba (obecnie:
Ernst&Young Business Advisory). Uczestnicy dyskusji
wyrazili zaniepokojenie stanem polskiej elektroenerge-
tyki, przejawiajacym si¢ m.in. konieczno$cig ograni-
czen zasilania w warunkach tegorocznej suszy. Jedno-
cze$nie wskazali na czesto niedoceniane mozliwoSci
magazynowania energii w zbiornikach polskich elek-
trowni wodnych. Wtasnie w powrocie do korzystania z
potencjalu regulacyjnego elektrowni zbiornikowych
wielu polskich hydroenergetykow upatruje szanse dla
swojego sektora, a takze dla rozwoju niestabilnych
odnawialnych zrodet energii elektrycznej. Dzi§ na
przeszkodzie wykorzystaniu tych mozliwosci stoja
m.in. ograniczenia srodowiskowe zapisane w pozwole-
niach wodnoprawnych.

Debata odbywata si¢ w kontekscie wczesniejszych
wypowiedzi na temat stanu polskiej gospodarki wod-
nej. Probe diagnozy przedstawili w swoich porannych
wystapieniach prof. Wojciech Majewski (IMGW) oraz
przedstawiciele TEW (Katarzyna Trojanowska i Stani-
staw Lewandowski). Dostrzegajac znaczenie staran o
dobra jakos¢ wod, méwey zwrocili uwage, ze dziata-
niom w tym kierunku nie powinno towarzyszy¢ zanie-
dbywanie waznych celéw gospodarczych i spotecz-
nych, a takze innych celow $rodowiskowych, ktorych
realizacja jest podstawowym zadaniem gospodarki
wodnej. Do tej tematyki nawigzywata réwniez wypo-
wiedz wiceprezes TRMEW, p. Ewy Malickiej, ktora
podsumowujac prace zwigzane z inwentaryzacja stopni
pigtrzacych w ramach projektu RESTOR, wskazata na
istotne przeszkody formalno-prawne i ekonomiczne
towarzyszace probom ich wykorzystania dla potrzeb
matej energetyki wodnej, w tym: wadliwe kryteria
konkurséw na udostepnienie stopni dla potrzeb MEW,
konieczno$¢ wczesniejszego ujecia inwestycji w ma-
ster-planach oraz w miejscowych planach zagospoda-
rowania, brak pewno$ci wysoko$ci wsparcia uzyski-
wanego w systemie aukcyjnym oraz brak mozliwosci
faczenia ré6znych form wsparcia dla inwestorow.
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Energad

Debata panelowa ""Energetyka wodna w poszukiwaniu swoich szans™

Duza cze$¢ wystgpien popoludniowych dotyczyta ba-
rier ochronnych na ujeciach wody oraz urzadzen za-
pewniajacych ciaglos¢ hydrologiczng i biologiczna
ciekow wodnych na stopniach pigtrzacych. Na uwage
zashuguja prezentacje ptywajacych barier dla zanie-
czyszczen (Dorota Niesyty, Bogustaw K. Puchowski),
elektronicznych barier odstraszajacych dla ryb typu
EBOR (D.Niesyty) i NEPTUN (Piotr Augustyn), a
takze dwukierunkowej przeptawki Srubowej typu Hy-
droconnect (Maciej Drzewiecki). Z uwagi na rosnace
zainteresowanie elektrowniami zbiornikowymi szcze-
golne znaczenie miata prezentacja DB Sediments
GmbH dotyczaca systemu cigglego transportu napty-
wajacych osadow z czesci wlotowej zbiornika na dolng
wode (Dietrich Bartelt, Michael Detering). Z silnie
obecng tematyka ochrony $rodowiska zwigzane byty
wystapienia dotyczace lozysk smarowanych woda
(Bogustaw K.Puchowski, Jarostaw Wysocki), nume-
rycznego modelowania rozprzestrzeniania si¢ zanie-
czyszczen (Kamil Drejer) oraz minimalizacji oddzia-
tywania elektrowni na krajobraz (M.Drzewiecki). Do
projektantéw elektrowni i urzadzen pietrzacych adre-
sowane byly takze wystapienia przedstawicieli Instytu-
tu KOMEL (Pawetl Pistelok, Stanistaw Gawron) oraz
AQUA-Tech (Andrzej Polniak).

Rekonstrukcjom i modernizacjom obiektow historycz-
nych poswigcone byly wystgpienia przedstawicieli
ENERGA Invest (Piotr Sliwinski i Janusz Granato-
wicz) oraz Hydroergii (J.Tomalik). W pierwszym
przypadku chodzito o budowe nowej elektrowni przy
istniejagcym stopniu pigtrzagcym EW Roscino, kryjacym
niegdy$ pierwsze na $§wiecie hydrozespoty rurowe. W
przypadku drugim chodzito o modernizacje uktadu
przeptywowego turbin EW Szklarska Porgba II z za-
chowaniem wygladu zewngtrznego wyposazenia elek-
trowni stanowigcej jednocze$nie najwazniejszy element
Muzeum Energetyki Wodne;j.

Na cenny, ale wciagz niezbyt czgsty kierunek inwesto-
wania, wskazal dr J.Tomalik w swoim wystgpieniu
dotyczacym zastosowania hydrozespotu z turbing
Francisa do odzysku energii hydraulicznej w oczysz-
czalni $ciekow w Toruniu. Restrykcyjnym przepisom
implementujacym Ramowg Dyrektywe Wodng przypi-
sa¢ mozna natomiast zainteresowanie wyzyskaniem
energii kinetycznej rzek. Innowacyjny projekt hydroze-
spolu z turbing hydrokinetyczng o przeptywie po-

przecznym przedstawila firma Deep River (Reidar
Vesthy). Zastosowanie metody elementéw brzegowych
do numerycznego wyznaczania charakterystyk rucho-
wych turbin hydrokinetycznych z wirnikiem $migto-
wym w dyszy byto z kolei przedmiotem wystapienia p.
Adama Goralczyka (IMP PAN). Jak wykazuje analiza
przeprowadzona przez prof. Petrasa Punysa i dra Egidi-
jusa Kasiulisa (Uniwersytet A.Stulginskisa w Kownie),
instalacja hydrokinetycznych zespotow pradotwor-
czych w rzekach nizinnych umozliwia jednak wyko-
rzystanie niewielkiej czesci ich potencjatu hydroener-
getycznego. Potencjal techniczny zwiazany z energia
kinetyczna rzek Litwy wynosi zaledwie 3 do 5 % teore-
tycznego potencjalu hydroenergetycznego kraju. Jego
praktyczne wykorzystanie jest mozliwe tylko w nie-
wielkiej mierze.

S

Po kolacji konferencyjnej:
pozegnanie z przyjaciotmi z Litwy

Obrady zakonczyty si¢ krotko przed godzing 19:00. W
jubileuszowej kolacji konferencyjnej udzial wzieli
delegaci XXIV Zgromadzenia Krajowego TEW, a
takze przedstawiciele REECO GmbH i REECO Poland
Sp. z 0.0. - p. Johann-Georg R6hm, p. Malgorzata
Bartkowski i p. Justyna Sulkowska. Byta to znakomita
okazja, by potwierdzi¢ wole dalszej wspodtpracy. Ko-
lejna edycja PKH RENEXPO Poland - juz w nowej
formule - bedzie miata miejsce w dniach 19 i 20 paz-
dziernika 2016 roku.

Janusz Steller, pazdziernik 2015
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Centrum Technologii Proekologicznych - Leon Wojciechowski powstato
we wrzesniu 2000 r.

Od poczatku swojego istnienia scisle wspotpracuje i reprezentuje na polskim
rynku firme Andritz Hydro GmbH.

Nasze pierwsze wspoélne dziatania miaty miejsce przy realizacji kontraktow
modernizacyjnych w elektrowniach Zarnowiec i Solina.

Korzystajac z zasobow archiwalnych Andritz Hydro realizujemy szereg kontraktow
rehabilitujacych turbiny wodne. Najstarsze turbiny wodne produkcji Escher-Wyss,
poprzednika Andritz Hydro, zainstalowane i ciagle pracujace w Polsce pochodza

z konca XIX wieku. Ostatni nasz projekt zostat zrealizowany w elektrowni Gubin.
Turbina pochodzita z 1928 roku.

Wspolnie z firma Andritz Hydro modernizujemy istniejace turbogeneratory.

Realizowane modernizacje uktadéw mechanicznych turbin z przektadnia katowa
zapewniaja wieloletnig niezawodng ich prace.

W ostatnich latach przeprowadzilismy remonty turbin zatapialnych dla ktérych
wyprodukowalismy podstawowe elementy uktadu przeptywowego .

Projektujemy i wykonujemy instalacje wody chtodzacej dla elektrowni wodnych.

I Mini Compact Hydro

Standardized range of
electromechnical systems
.fromWater to Wire*
for small hydro power plants

up to 5000 kW
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Centrum Technologii Proekologicznych ul. Ziebicka 84, 50-507 Wroctaw, tel.71 341 85 12, ctp@adres.pl
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czysta energie

Energia Odnawialna S.A.

Jestesmy czescia PGE Polska Grupa Energetyczna S.A. - najwiekszej grupy energetycznej dziatajacej na polskim rynku
i jednego z najwiekszych podmiotéw tego typu w Europie Srodkowej i Wschodniej.

Zarzadzamy 33 elektrowniami wodnymi, 14 farmami wiatrowymi i jedna elektrownia fotowoltaiczna.
Nasze projekty rozwojowe koncentruja sie na produkcji energii elektrycznej ze zrodet odnawialnych.

www.pgeeo.pl
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