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From Editorial Office

PartnersStrategic partner

Michał Kubecki 
Editor in Chief 

One could say that ten years have 
passed like one day, and the 
quarterly “Energetyka Wodna” 

has been a witness of events taking place 
in the Polish and worldwide hydropower 
industry for a decade now. From the per-
spective of Poland’s oldest hydropower 
plant in Leśna, which has been using the 
waters of the Kwisa river for 115 years, this 
is a small part of time. However, during 
this time many important changes for our 
industry have taken place, sometimes for 
the better, sometimes for the worse. 

On this occasion, we invite you to read 
a series of publications summarizing 
the past decade from the perspective of 
experts in our industry. The issue is opened 
with a summary written by Ewa Malicka, 
President of TRMEW, concerning the small 
hydropower sector in Poland. Phd Eng Jan 
Winter from Warsaw University of Technol-
ogy speaks about the last decade in water 
management and hydraulic engineering, 
while Roger Gill, President of the Interna-
tional Hydropower Association, summa-
rises global trends in hydropower.

Considering the current conflict in Ukraine, 
it is impossible to omit these dramatic 
events also in a technical magazine, as they 
affect the whole Europe. While paying our 
respect to all victims of this conflict, we 
would like to introduce you to the specific-
ity of the Ukrainian hydropower industry, 
show the role played by Ukrainian hydro-
power plants to ensure the stability of elec-
tricity supply and the accelerated process 
of synchronization of the Ukrainian elec-
tricity system with the European ENTSO-E 
grid. This article was prepared by María 
Ubierna, Director of Open Hydro.

I would also like to draw attention to the 
topic of this issue, which is an innovative 
project of a “shaft” hydropower power 
plant, developed at the Technical University 
of Munich. It is a response to the stricter 
environmental requirements of the Water 
Framework Directive for new hydropower 
plants and the calls of nature conservation 
associations for a ban on new hydropower 
plants in Europe. Quoting Anton Schleiss, 
Honorary President of the International 
Commission on Large Dams, who stated 
during HydroES in Lyon, France, on 22 Sep-
tember 2021: “…It is important that SHP 
have to undergo the same rules for per-
missions (as for large hydropower plants) 
– Ed. and then in principle, the good pro-
ject will be built and the bad project will 
not be built”, one can refer to the “Hydro-
shaft” concept, which is an accurate exam-
ple of a project implemented according to 
the principles of the sustainable develop-
ment. This is evidenced by the fact that the 
original project of a conventional hydro-
power plant in Grossweil, Bavaria, failed to 
obtain the necessary permits, which only 
succeeded the project developed by TUM.
In the current issue we also present arti-
cles on practical issues related to the oper-
ation and construction of SHPs. The first of 
them is an article written by Roman Masek, 
Technical Director of Belse company, con-
cerning the methods of surface protection 
against cavitation erosion, which is a prob-
lem faced by many owners of small hydro-
power plants. For those who plan to build 
a new SHP or to renovate the hydrotech-
nical part, we recommend the article pre-
pared by PhD Sc. Jacek Gralewski, and M.Sc.
Eng. Dawid Jasiński from SiA Pietrucha Sp. 
z o.o. on the environmental aspects related 
to the use of vinyl sheet piling. A piece of 

valuable information on this subject will 
certainly be helpful in obtaining a positive 
“environmental decision”.

Finally, we propose a review of investments 
in the Polish hydropower industry, in which 
Łukasz Kalina, IOZE hydro Brand Develop-
ment Director, shows how domestic invest-
ments can be varied, starting from a major 
renovation of a Kaplan turbine, through 
the installation of a classical Francis turbine, 
an innovative active fish ladder, cost-ef-
fective siphon turbines, to a microturbine 
designed for research purposes.
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NEWS

In recent years, the majority of devel-
oped projects in Polish hydropower 
sector have been small scale installa-

tions and further capacity growth can be 
expected in this area. It is pointed out that 
there is a need to use for the purposes 
of SHP already existing water damming 
facilities, managed on behalf of the State 
Treasury by State Water Holding Polish 
Waters, established in 2018. 

The successes of the SHP industry in the 
last decade include increasing knowl-
edge of this untapped potential and mak-
ing information about the possibilities 
of its development available to all inter-
ested parties. One of the successes of the 
SHP sector in the last decade is the devel-
opment of a database of potential small 
hydropower sites based on existing dams 
and former water mills - RESTOR Hydro 
map (https://eref-europe.org/restor-hy-
dro-database/). The results of the study 
indicate that in Poland there are more 
than 8,000 facilities that could be used for 
hydropower purposes. 

In addition to construction of new instal-
lations, a significant development poten-
tial of the SHP sector is also found in exist-
ing generation sources. Many of the small 
hydropower plants require modernisation 
to improve their technical performance 
but also to adapt them to the latest envi-
ronmental standards. Although hydro-

power is a mature technology, innova-
tive solutions are still emerging. Many of 
them concern minimising the impact of 
SHP on aquatic fauna. Some of the most 
interesting include projects for fish ladders 
with the function of energy production 
(so-called active ladders) or fish-friendly 
turbines. 

The past decade has been a period of 
great fluctuation in the financial condi-
tions for hydropower plants. From the 
beginning, electricity producers from SHP 
participated in the green certificate sys-
tem introduced in 2005. In 2015, the RES 
Act resolved to extinguish this system and 
introduce a rather confusing auction sys-
tem in its place. In 2016, SHP owners par-
ticipated in the first pilot auctions allow-
ing existing installations to “migrate” to 
the auction system. SHP auction bids also 
appeared in auctions held in subsequent 
years. Over time, however, the system has 
become less popular with the SHP indus-
try, due to the introduction of FIT and FIP 
mechanisms in 2018, which are more suit-
able for them. Their simplicity and predict-
ability provide a good incentive for the 
sector. However, it must be remembered 
that the long period of investment prepa-
ration for implementation that character-
ises hydropower means that the growth in 
the number of new installations is not as 
dynamic as in the case of other RES instal-
lations, which are simpler to implement. 

From the perspective of the SHP sector, the 
past 10 years were also a period of a sig-
nificant increase in the complexity of the 
administrative process related to the devel-
opment of new installations and mainte-
nance of the existing ones - the volume of 
necessary documentation and the length, 
number and complexity of procedures 
increased significantly. Project implemen-
tation costs have also increased. The legal 
acts prepared in the last decade, which are 
crucial for the functioning of the indus-
try – the Act on RES, the new Water Law, 
updates to the Water Management Plans 
– rather than simplifying and putting them 
in order, make it more difficult to find 
one’s way around the ever-growing maze 
of complex regulations. On the other hand, 
positive changes include professionali-
sation of services related to the SHP sec-
tor – companies appeared which support 
investment implementation, offer innova-
tive equipment, insure generators and sup-
port SHP on the electricty sales market.

In conclusion, I would like to congratulate 
the magazine Energetyka Wodna on its 
jubilee. Throughout its existence, the mag-
azine has been a witness and professional 
commentator of the above described pro-
cesses of development of the Polish small 
hydropower sector. I wish you success in 
the next 10 years!

How has the small hydropower sector in Poland 
changed over the last 10 years? 

The last decade has been a period of development of small (up to 10 MW) hydro-
power plants in Poland. During this period, 139 such RES installations have been 
built with a total capacity of 60 MW. However, the pace of their development 
could be faster, as it should be recalled that still over 80 percent of the technical 
hydropower potential of Polish rivers remains unused. 

Ewa Malicka 
President of the Polish Association 
for Small Hydropower Development (TRMEW)

Photo: Sławoszowice SHP on the Barycz 
River, Lower Silesia Voivodeship 
Source: IOZE hydro
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A team established by the Ministry 
of Climate, National Fund for Envi-
ronmental Protection and Water 

Management and PGE Energia Odnawialna 
has started to develop a project for the 
construction of a pumped storage power 
plant to be built in Bystrzyce district in 
Lower Silesia, close to the border with 
the Czech Republic. The pumped storage 
power plant in Młoty will have a capacity of 
750 MW and will generate up to 3.5 GWh 
of electricity. – In case of failure of another 

PGE Energia Odnawialna has launched 
a tenderfor the execution of all works. 
First of all, hydrogenerators Hz 3 and 

Hz 2 will be replaced along with all tech-
nological equipment. Then, hydro genera-
tor Hz 1 will be renovated, including: wicket 
gate mechanism, runner, main and support-
ing bearing and transformer generator. The 
company plans to complete the moderni-
zation of the entire powerplant in the first 
quarter of 2024. – Thanks to this investment, 
the Gubin Hydroelpower Plant will be able 
to operate without failure for the next 40 
years, increasing its production capacity by 
10% from the current 4405 MWh to 4845 
MWh. This will allow to meet the electricity 
demand of approx. 2000 households – says 
Marcin Karlikowski, President of the Man-
agement Board of PGE Energia Odnawialna.

Modernization of the Gubin Hydropower 
Plant is another investment of this type in 

significant source, it will secure the system 
against possible shortages in the power 
system, however infrastructure necessary 
for the power plant to operate will also 
provide retention and recreational func-
tions, contributing to the development of 
the Kłodzko Valley, wrote Michał Dworczyk.

The history of the pumped storage power 
plant in Młoty dates back to the 1970s, but 
its construction was halted in the 1980s. 
The investment may be resumed by PGE 

the recent time implemented by PGE Ener-
gia Odnawialna. In 2021, Small Hydropower 
Plant Myczkowce was thoroughly renovated. 
Currently works are being carried out at 
Dębe Hydropower Plant and a tender proce-
dure is being conducted for modernisation 
of the Porąbka-Żar Pumped Storage Plant.

What distinguishes the investment in Gubin 
is its participation in the project of the 
National Fund for Environmental Protection 
and Water Management. - Development of 
hydropower is one of the pillars of transfor-
mation of the Polish energy sector. It is with 
even greater satisfaction that we hand over 
the grant to such an experienced beneficiary 
in the field of RES development as PGE Ener-
gia Odnawialna. Thanks to the use of robust, 
modern and at the same time uncompli-
cated technologies, the subsidized project 
will allow for long-term, fully “green” elec-
tricity generation. What is important, the 

Energia Odnawialna, which had already 
carried out analyzes in this area. Now the 
chances for finalizing the project of Młoty 
are growing, thanks to the support of the 
government. The cost of the construction 
of a pumped-storage power plant in Młoty 
is estimated at ca. PLN 4 bln.

modernization of Gubin Hydropower Plant 
is a part of sustainable water management 
development. Solutions protecting biodi-
versity and harmonious functioning of river 
organisms, including local fish species, will 
be applied here. This is an excellent example 
of combining environment with economy, 
centuries-old heritage in the use of hydro-
power with modern technology”, empha-
sizes Artur Michalski, Vice-President of the 
National Fund for Environmental Protection 
and Water Management. The Gubin Hydro-
power Plant is one of the oldest hydrotech-
nical facilities in Poland. It was built in 1905 
in the riverbed of the Nysa Łużycka river. It 
has three hydrosets with Kaplan turbines 
with a total installed capacity about 1.1 MW. 
“Modernization of technological equipment 
of HPP Gubin” benefits from a grant of PLN 
6 million received from Iceland, Liechten-
stein and Norway, under the EEA funds. The 
aim of the “Environment, Energy and Cli-
mate Change” programme is to mitigate cli-
mate change and reduce vulnerability to cli-
mate change.

Project of the largest pumped storage power plant 
in Poland resumed

Hydropower plant Gubin will be modernized

Although pumped storage power 
plants can provide invaluable sup-
port to the national power system, 
saving it from a blackout, this type of 
investment has not been carried out in 
Poland for several decades. Now this 
may change. A new pumped storage 
power plant may be built in Lower Sile-
sia, thanks to resuming a project which 
was suspended 40 years ago.

Hydropower plant Gubin owned by PGE Energia Odnawialna from PGE Group will 
be modernized. Among other things, two hydrosets will be replaced in the facil-
ity, while the third one will undergo a major renovation. The investment will be 
co-financed by the National Fund for Environmental Protection and Water Man-
agement which will allocate over PLN 6 million for that purpose.

Source: M
aciej Sergel, w

w
w

.24klodzko.pl

Photo. Outlet of the circular channel of the Bystrzyca Łomnicka river, which was the main artificial channel 
during the construction of the dam

gramwzielone.pl  
Editorial office  

PGE EO 
Press Office  



 
For details of the programme, and to register, visit: www.hydropower-dams.com 

For enquiries, contact: hydro2022@hydropower-dams.com    •    Tel: + 44 20 8773 7244  

Supporting organizations include:

in partnership with:Organized by:

International Conference and Exhibition 
 Palais de la Musique et des Congrès ~ Strasbourg, France  

25 to 27 April 2022 
(PLEASE NOTE NEW DATES) 
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The modernization of the hydrotechni-
cal facility in Przegalina increases flood 
protection in Gdansk and Żuławy, pro-

tecting the region from large Vistula waters 
and enabling safe navigation on the Vis-
tula. Completion of this investment was 
particularly awaited by shipping compa-
nies and sailors, as it is the only stage on 
the Vistula waterway, which allows ship-
ping on the Dead Vistula, which is also part 
of the international waterway E40, from 
the Black Sea to the Baltic Sea. The reno-
vation of the upper lock gates, which are 
also flood gates, has the key importance 
for the reconstruction and moderniza-
tion of the complex flood protection sys-

tem of Żuławy Wiślane, directly affecting 
the increase of the potential for sustaina-
ble development of the region. The invest-
ment included reconstruction of the South 
Lock and renovation of the historic North 
Lock, including modernization of the infra-
structure associated with the lock operation 
and conservation works in the historic part 
of the Przegalina Water Junction. The con-
tractor for the investment was Strabag Sp. 
z o.o. The contract for the investment was 
signed in September 2019 and the works 
were completed in December 2021. Mod-
ernization of the South lock concerned ren-
ovation of the lock chamber and rebuilding 
of the automation of its engine room. The 

scope of work also included the renovation 
of the bank reinforcement. Social and stor-
age facilities were built for use by the State 
Water Holding Polish Waters employees, 
who operate the lock and for the icebreaker 
flotilla crew. During the works, the North 
lock chamber, the old engine room build-
ing and mechanisms were renovated. On 
the other hand the technical facilities and 
base for the Regional Water Management 
Board in Gdańsk for storing vessels, includ-
ing icebreakers, were developed. A per-
manent pier for icebreakers (360 m long) 
was built, together with supply stands and 
a floating pier for smaller vessels. An impor-
tant element of the reconstruction was ren-
ovation of the historic Northern Lock, now 
out of use, to be used as an educational and 
tourist facility. 

Key investment for the safety of Żuławy 
Wiślane completed

State Water Holding Polish Waters modernized Przegalina Barrage - a strategic 
point on the map of Żuławy Wiślane, located at the junction of the Vistula and 
the Dead Vistula. The reconstruction and modernization of the facility is part 
of the systemic improvement of flood protection for the residents of Gdansk, 
streamlining the work of icebreakers and the development of inland shipping.

State Water Holding Polish Waters
Press Office 

Calendar
25–27.04.2022

Poznań, Poland
GreenPOWER 2022
Organizer – MTP Group

www.greenpower.mtp.pl

25–27.04.2022
Strasbourg, France

HYDRO 2022 International Trade Fair and Conference 
Organizer – Aqua~Media International

www.hydropower-dams.com

27.05–03.06.2022 
Marseille, France

27th ICOLD World Congress
Organizer – International Commission on Large Dams

www.icold-cigb.org

13–14.06.2022
Gdańsk, Poland

National Energy Summit OSE Gdańsk 2022 
Organizer – European Business Center

www.osegdansk.pl

14–15.07.2022
Cracow, Poland

SEF 2022 Poland, Sustainable Energy Forum and Trade Show 
Organizer – IB Centre

www.exhibition.sefpoland.com

12–13.09.2022
Rzeszów, Poland 

VII Scientific Conference Energy Security Pillars 
and Development Perspective 
Organizer – Ignacy Lukasiewicz Institute for Energy Policy

www.instytutpe.pl

21–23.09.2022
Rytro, Poland

XXX Technical and Science Conference Design & Exploitation 
of Electrical Machines & Drives
Organizer – Łukasiewicz Ressearch Network, KOMEL

www.komel.katowice.pl
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We like this photo 
too, but your ad 
would look much 
better here!
Thanks to your advertisement, we will be able to 
publish even more expert articles, helpful in the 
daily work of every hydrotechnician.

We invite all interested in financial support for the 
TRMEW publishing project to contact with the 
editorial office of “Energetyka Wodna":

mob.: +48 518 304 194
e-mail: biuro@energetyka-wodna.pl
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This is another important step towards 
the implementation of the flagship 
project for Skarżysko-Kamienna, the 

Świętokrzyskie Voivodeship and Polish 
Waters. “The Bzin Reservoir is one of the 
programmatic elements of activities aimed 
at developing retention in Poland,” said 
Grzegorz Witkowski, Undersecretary of 
State in the Ministry of Infrastructure. – “We 
must take care of water resources, retain 
water and prevent flooding. The realiza-
tion of Bzin Reservoir is among the priority 
investments of Świętokrzyskie Voivodship. 
The signed agreement allows to mobilize 
more than EUR 12 million from the funds of 
the Marshal of the Świętokrzyskie Voivode-
ship for preparatory works – added Andrzej 
Bętkowski, Marshal of the Świętokrzyskie 

Modernization of existing hydro-
power facilities by utilizing their 
indigenous energy sources, 

which are hydropower plants, is of great 
importance in promoting the security of 
energy supply. Thanks to agreements con-
cluded by the Deputy President of Polish 

Voivodeship. – This is another reservoir built 
by Wody Polskie. It fits in with our strate-
gic objectives – ensuring adequate quantity 
and quality of water, preventing drought 
and flooding, and caring for the environ-
ment. Bzin Reservoir will be multifunctional, 
it will ensure both water safety and can be 
used for economic purposes – emphasized 
Krzysztof Woś, Deputy President of State 
Water Holding Polish Waters for Flood and 
Drought Protection. The reservoir, about 
3.3 km long, will cover an area of nearly 95 
hectares. Its tasks will include: 
• flood risk reduction- it will be used to 

transform the flood wave of the Kam-
ienna River in Skarżysko-Kamienna, as 

Waters for Water Services Robert Chciuk 
with the National Fund for Environmental 
Protection and Water Management, Pol-
ish Waters will receive funding from the 
European Economic Area Financial Mech-
anism 2014-2021, under the “Environment, 
Energy and Climate Change” program, for 
the implementation of two projects titled: 
– “Increase in the use of energy poten-
tial in the existing small hydropower plant 
Mylof”; - “Increase in the use of energy 
potential in the existing small hydropower 
plant Rogów Opolski”.

The cost of both investments is nearly PLN 
19 million, of which more than PLN 5 mil-
lion is co-financed by EU funds and nearly 
PLN 1 million from the state budget. Uti-
lization of the energy potential of small 
hydropower plants (SHP) “Mylof” on the 
Brda River in the Pomeranian Province and 
“Rogów Opolski” on the Odra River in the 

well as on the section to the Brody Res-
ervoir, 

• water retention for economic purposes 
and to cover water shortages in the river 
below the reservoir during periods of 
drought, 

• improving the water balance in the 
catchment area below the reservoir, 

• recreational purposes and agro-tourism 
development, 

• energy use, 
• securing water for fire purposes.

Opole Province assumes modification of 
the existing hydrosets by installation of 
new highly energy efficient water turbines. 
This will enable optimum utilization of flows 
in a specific range of heads, resulting into 
better economic outcomes. Installation of 
new turbines will also remove the problems 
associated with the failure rate of the cur-
rent equipment and high O&M costs. 

The investment will increase the produc-
tion of clean energy and reduce air pollu-
tion, which is an important element in the 
implementation of the EU’s 2030 climate 
and energy policy framework. The project 
encourages the use of new, commercially 
available technology with a small invest-
ment contribution.

Agreement on cooperation in construction 
of Bzin Reservoir signed

Investments in hydrotechnical facilities of State Water 
Holding Polish Waters

State Water Holding Polish Waters, 
Świętokrzyskie Voivodeship and the 
Municipality of Skarżysko-Kamienna 
signed an agreement on coopera-
tion at every stage of preparation and 
execution of the investment consist-
ing of building the Bzin Reservoir in 
Skarżysko-Kamienna.

State Water Holding Polish Waters 
is modernizing water infrastructure 
across the country to adapt it to cli-
mate change. One example is invest-
ments involving the use of renewa-
ble energy sources (RES) for power 
generation of the Holding’s facilities, 
which allow for reduction of emissions 
of harmful gases and waste as well 
as lower fuel consumption. An ele-
ment of these activities will be instal-
lation of new water turbines on the 
hydrotechnical facilities of Mylof and 
Rogów Opolski.

State Water Holding Polish Waters
Press Office 

State Water Holding Polish Waters
Press Office 

Source: U
rząd M

arszałkow
ski Kielce

Photo. Skarzysko-Kamienna, land intended for the Bzin Reservoir

NEWS



Polish Hydropower Conference

HYDROFORUM 2022

International Symposium of the Life NEXUS project, 
Warsaw, October 27/28th, 2022

Warsaw, 26-27th October 2022 
The provisional programme includes, but is not limited to:

The symposium is an event planned to accompany the HYDROFORUM 2022, 
starting after the Conference end - on October 27th or 28th 2022. 
For further details please follow the IMP PAN, TEW i Life-NEXUS websites 
as well as those of some of our partners.

Please reserve  the date! Detailed conference and symposium venue and the technical visit 
site will be specified within the coming days. Please, follow our websites:   www.imp.gda.pl,
www.tew.pl www.trmew.pl, . Further information will be available at the following addresses:  
Polish Hydropower Association Office, 
ul. Piaskowa 18, PL 84-240 Reda, phone: +48 58 678 79 51, e-mail: , biuro@tew.pl
and the Szewalski Institute of Fluid-Flow Machinery of the Polish Academy of Sciences, 
ul. Fiszera 14, PL80-231 Gdańsk, phone: +48 58 5225 139, e-mail: steller@imp.gda.pl
 

Harvesting energy in municipal 

and industrial water cycles

The Life NEXUS project is a project co-financed 
by the LIFE Environment and Resource Efficiency (LIFE17 ENV/ES/000252)

 — legal/economic constraints and development strategy

 — HYDROFORUM Debate: Hydropower and energy system 
safety 

 — experience on design, erection and operation of hydropower 
plants, machinery and equipment 

 — technical  innovations and research&development activities 

l hidden hydropower potential

 l technologies of hydraulic energy recovery

 l good practices and case studies

 l economic aspects

The provisional programme includes, 
but is not limited to the following topics:
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From the World
 24.01.2022     Underground construction starts on Kidston pumped storage project, Australia

Underground excavation works have begun at the 250MW Kid-
ston pumped storage project in Queensland, Australia, Genex 

Power has announced. 

The Kidston Pumped Storage will contribute to significant benefits 
to the electricity network in North Queensland, as well as serving 
to lower electricity prices. The project is the first pumped storage 
power station to be built in Australia for nearly 40 years. 

The project requires the conversion of two existing mine pits into 
reservoirs. It involves the construction of significant underground 
infrastructure including a large powerhouse cavern and water-
way shafts and tunnels to allow the transfer of water between the 
upper and lower reservoirs to generate power when solar and 
wind generation is not available and return water back to the 
upper reservoir when there is an abundance of renewable power.

 31.01.2022     First unit connected at Gouvães plant, Portugal

Iberdrola, in collaboration with the Portuguese administra-
tion, has synchronised the first 220 MW turbine at the Gouvães 

hydropower plant – part of the Tâmega giga battery –  delivering 
clean power to the grid for the first time.

The Tâmega complex is one of Europe’s largest energy storage 
facilities with an investment of more than €1.5 billion. It comprises 
three reservoirs (Gouvães, Daivões and Alto Tâmega) and three 
hydropower plants with 1158 MW capacity on the Tâmega river, 
a tributary of the Douro. 

After eight years of construction work, the Gouvães and Daivões 
plants have now been completed and all of the generating units 
are currently undergoing commissioning tests, with the plants 
expected to be fully operational in the middle of this year. Tâmega 
will be able to produce 1,766 GWh per year, enough to meet 
the energy needs of neighbouring municipalities and the cities 
of Braga and Guimarães (440,000 households). In 2024, with the 
commissioning of Alto Tâmega, the facility will be fully completed.    

 

 07.02.2022     Swiss Govt consults on plans to speed up hydro approval

The approval process for hydropower projects in Switzerland 
could be simplified and streamlined under plans put forward 

by the country’s government.

The current approval procedures for the construction of new plants 
and the expansion and conversion of existing plants is too long, 
with some projects taking more than 20 years, ministers were told 
in a meeting on 2 February. The Federal Council therefore wants 
to speed up the procedures for the most important hydropower 
and wind turbines, but without making any concessions in terms of 
nature, environmental protection and monument protection.

There is currently no planning for water and wind energy that 
takes the whole of Switzerland into account. In addition, there are 
no federal regulations for efficient and comprehensively coordi-

nated cantonal planning and approval procedures for the con-
struction of such plants.

The Federal Council therefore proposes that the Confedera-
tion draw up a concept with the locations of the most impor-
tant hydropower and wind turbines, which serves as a guideline 
for cantonal structural planning. A concentrated cantonal plan-
ning approval procedure is to be introduced at cantonal level for 
the approval of these plants. In addition to the building permit, it 
should include all other permits such as clearance or water protec-
tion permits and the right of expropriation. In this way, the Fed-
eral Council wants to prevent a project being divided into several 
stages at different times and the project being able to be chal-
lenged in each stage up to the Federal Supreme Court. In the 
future, there will only be one appeal that will clarify all legal issues. 

 18.02.2022     Research investigates sustainable dam siting in the Amazon

New research has been published that details a new computa-
tional approach for evaluating basin-level tradeoffs between 

hydropower and ecosystem services, with the goal of guiding 
sustainable dam siting in the Amazon. The research - Reducing 
adverse impacts of Amazon hydropower expansion – was recently 
published in Science journal. As part of the research, an interdisci-
plinary team of environmental and computational experts devel-
oped ‘Amazon EcoVistas’, a novel framework to analyze proposed 
dam projects collectively – both for their energy generation, as 
well as their impacts on the environment. They analyzed five envi-
ronmental criteria: river flow, river connectivity, sediment trans-
port, fish biodiversity, and greenhouse gas emissions. The research 
says their tool uses artificial intelligence and high-performance 

computing to identify hydroelectric dam portfolios that meet 
energy production goals with the least environmental harm. Run-
ning the ‘Amazon EcoVistas’ algorithm on the 158 existing and 
351 proposed dams created scenarios based on all possible com-
binations of these projects. This allows it to determine the ‘Pare-
to-optimal frontier’ – or combination of hydropower projects that 
minimizes negative environmental effects for any given level of 
aggregate hydropower output. 

This process is extremely computationally intensive; between the 
509 total projects, there are 2509 (or ~10153) possible combina-
tions of projects – with six dimensions (energy output + the five 
environmental criteria) evaluated for each.
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From the World
 21.02.2022     First turbine starts up at Grand Ethiopian Renaissance Dam

Ethiopian Prime Minister Abiy Ahmed Ali has started up the first 
turbine of the Grand Ethiopian Renaissance Dam (GERD) – the 

largest hydropower project in Africa.

The 5150 MW project is being built on the Blue Nile in the west-
ern region of Benishangul-Gumuz in Ethiopia and includes the 
design and construction of an RCC dam, a saddle dam and two 
power stations installed downstream at the foot of the dam on 
opposite shores. The main RCC dam will be 1800 m long and 170 
m high. It will create a reservoir covering 1,875 km2 and contain  

74 billion m3 of water. The rockfill saddle dam will have a volume 
of 15.3 million m3 and crest length of 5000 km. Commissioned by 
Ethiopian Electric Power, and being built by WeBuild, the project 
is valued at €3.48 billion and is 84% complete. Once completed, 
it will become an energy hub for the region, which is in great 
need of energy. It has however been mired by some controversy, 
with a number of tripartite meetings held between Egypt, Ethio-
pia and Sudan regarding the dam – with Egypt and Sudan con-
cerned about potential impacts on water supply in their countries.

 04.03.2022     Construction starts on Pingtanyuan pumped storage project, China

Hubei Energy Group Co., Ltd, a subsidiary of China Three 
Gorges Corporation (CTG), has begun construction of the 

Pingtanyuan pumped storage power project in Luotian County.

The project will have an installed capacity of 1400 MW and an 
average hydraulic head of 597m. Construction work began in 
mid-February and the station is expected to have its first power 

unit installed and commissioned by 2027, with full completion 
expected by 2028. The project will undertake the tasks of peak 
load regulation, valley filling, frequency regulation, phase mod-
ulation, power storage, and emergency use for Hubei’s power 
grid system. It is also expected to cut coal consumption by about 
300,000 tons and reduce carbon dioxide emissions by about 
750,000 tons for Hubei’s grid power system per year.

 14.03.2022     EA price hike could be ‘final nail in coffin’ for small hydro in England, says BHA

The future of new small hydropower development in England 
could be at risk following an almost 900% increase in licensing 

fees by the Environment Agency, the British Hydropower Associ-
ation (BHA) has warned, describing the cost increase as the “the 
final nail into the coffin of the small hydro sector”.

New abstraction charges, which are £12,000 higher than previ-
ous charges, were confirmed by the EA on 9 March and come into 
force on the 1 April. This timescale gives potential new hydro-
power developers no time to avoid an unaffordable hike in costs, 
said the BHA. The price hike came less than 48 hours after the UK 
Prime Minister Boris Johnson promised “much more use of renew-
ables” and a fresh UK energy supply strategy to reduce reliance on 
Russian oil and gas, as a result of the war in Ukraine.

“This unprecedented and unaffordable hike in charges for those 
simply applying for a licence to build a small hydro scheme is 
not only a sign of appalling inefficiency within the Environment 

Agency but flies in the face of the government’s commitment 
to net-zero and the Prime Minister’s promise just two days ago,” 
commented Simon Hamlyn, chief executive of the BHA. “The 
agency is actively slamming the final nail in the coffin of an impor-
tant renewable energy source which should be a key focus for 
the government as energy prices soar. The Environment Agency is 
increasing the current fee for new abstraction licences for hydro-
power from £1500 to up to £13,392, depending on the size of 
the scheme. An abstraction licence is required by all new hydro 
schemes and is in addition to other initial assessment costs. The 
application fee had already increased 11-fold in 2014 from £135 
to £1500, said the BHA. The Environment Agency claims that the 
key principle of the new charging scheme is to set charges that 
re-cover costs. The BHA says that since March 2020, 75 small 
hydro developments in England would have been deemed unfea-
sible as a direct result of these new costs.

 14.03.2022     Eiffage launches new hydro construction in France

France’s Eiffage has announced it is expanding its hydropower 
portfolio by building a new micro hydropower plant in Ter-

rasson-Lavilledieu. 

The new plant will be Eiffage’s 11th micro hydropower plant, fol-
lowing its acquisition of 10 other projects over the last two years. 
It is being built by Eiffage Énergie Systèmes and Eiffage Génie Civil 
teams on the Vézère river, and will be carried out in two stages, 
starting with the reinforcement and raising of the existing dam. This 
will be followed by the construction of a 499kW micro power sta-
tion, currently in the design phase. Eiffage Génie Civil’s teams will 

manage the earthworks, factory building construction and modi-
fications to the dam, while Eiffage Énergie Systèmes’ teams have 
been entrusted with designing, manufacturing and installing the 
hydromechanical, electrical and gates and valves equipment. Envi-
ronmental factors will also be incorporated including construction 
of a fish-friendly water intake, downstream channel and fish pass. 
This new facility will enable the production of around 3,300 MWh 
of green electricity per year, covering the annual consumption of 
more than 700 households in Terrasson-Lavilledieu.
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In ordinary tap water or in open riv-
ers and channels, a pressure decrease 
below the saturated vapour pressure 

generally leads to the growth of cavita-
tion nuclei (microbubbles) present in the 
liquid. The growth of microbubbles is ini-
tially quasi-stationary, but becomes explo-
sive after reaching a certain critical size. 
Conversely, an increase in static pres-
sure causes growth inhibition, followed 
by its nonequilibrium (implosive) collapse. 
A cycle of these phenomena is referred to 
as cavitation from the word cavus (Latin: 
hollow). Such a cycle can, of course, occur 
not only in the flow, but also in the acous-
tic field, where tensile and compressive 
stresses occur interchangeably. Cavitation 
bubbles can disintegrate and merge to 
form quite complex vapour-gas structures. 
The formation of closed vapour-gas cav-
erns, usually attached to the streamlined 
surfaces, is also considered cavitation. Their 
explosive growth is prevented by pressure 
which, outside the phase-separation inter-
face, takes a value greater than the satu-
rated vapour pressure.

According to the content of the gas phase, 
the following types of cavitation are dis-
tinguished: 
• Vaporous cavitation that develops at 

pressures close to the saturated vapour 
pressure of a liquid at a given temper-
ature. The bubble is filled mainly with 
vapour of the given liquid. 

• Gaseous cavitation, during which bub-
bles grow mainly due to diffusion of gas 
from the liquid into the bubbles.

 – Gaseous cavitation is often considered 
no cavitation at all, because bubble 
growth, in this case, is quasi-station-
ary and not explosive, and the process 
of bubble decay is rather slow and 
largely connected with gas diffusion 
into the surrounding liquid. 

 – A characteristic feature of the decay 
process of a bubble with a high content 
of gas other than the surrounding liq-
uid vapour is bubble pulsation before 
the final collapse. In a closed cycle, the 
products of the collapse can serve as 
nuclei of the next cavitation process.

 – According to the manner of inducing 
pressure depression below the critical 
pressure, the following types of cavita-
tion can be distinguished: 

• Hydrodynamic cavitation: resulting from 
the static pressure of a liquid dropping 
below the critical pressure. This decrease 
may be caused by a local increase in flow 
velocity or a change in external conditions. 

• Acoustic cavitation: resulting from a local 
pressure drop caused by an acoustic 
wave propagating in the liquid.

Further classifying divisions are largely 
related to the form, as well as the mecha-
nism and dynamics of the development of 
cavitational formations (e.g. bubble cavi-
tation, cloud cavitation, vortex cavitation, 
tip vortex cavitation, axial vortex cavitation, 
sheet cavitation, attached cavitation, strip 
cavitation, pulsed cavitation, pseudo-su-
percavitation, supercavitation, etc.).

Course and consequences
of cavitation erosion 
Cavitation interaction with the stream-
lined solid surface is dynamic and often 
leading to vibration and erosion phenom-
ena – including threats to the integrity of 
machinery and equipment. What is essen-
tial for the initiation of cavitation processes 
is the presence of gas microbubbles which 
represent natural cavitation nuclei and the 
mechanism of their initiation in the liquid 
(nucleation) – especially at the flow con-

fining  surfaces of solids or particles float-
ing as contaminants. The evolution of 
a typical cavitation bubble involves sev-
eral stages. The initial phase of develop-
ment begins with quasi-stationary growth 
which lasts until the bubble reaches a cer-
tain critical size, after which non-equilib-
rium (explosive) growth takes place until 
further growth is restricted and inhibited 
by external factors – usually an increase 
in the pressure of the surrounding liquid, 
which, in the next phase, leads to  reduc-
tion in the size of the bubble and its implo-
sion. If the flow confining surfaces in a flu-
id-flow machine are in direct vicinity of the 
collapsing bubble then they are exposed 
to the mechanical impact of implosion. 
The local stresses acting on the surface 
due to implosion can reach up to several 
gigapascals. This is a level of stress that 
exceeds the yield strength of most metals 
and structural alloys, and it is for this rea-
son that gradual but steady detachment 
of surface material particles is observed. 
This is a mechanism called cavitation ero-
sion which, of course, in the context of the 
durability of the eroding surface, is (with 
some exceptions) an undesirable process. 
Why such a great capability to induce 
destructive stresses in the surface (surface 
layer) of metals?

Firstly, the sheer nature of the cavitation 
phenomenon, namely the cyclic sequence 
of events, i.e. the growth, collapse and 
implosion of bubbles, is responsible for 
fatigue wear effects, and secondly – which 
is in fact the main destruction mechanism 
– the implosion pressure, although short-
term, reaches enormous values from sev-
eral hundred to several thousand meg-
apascals! The implosion of a single bubble 
lasts a very short time, fractions of micro-
seconds, and is the final phase of the pro-
cess of cavitation bubble collapse. The liq-
uid surrounding the imploding bubble 
moves at tremendous speeds of 100–200 
or even up to 500 m/s. Its deceleration 
causes colossal spike in pressure values due 

Methods for protecting surfaces against cavitation erosion
In fluid-flow machines, it is possible 
to distinguish areas with increased 
intensity of flow disturbances or 
increased flow velocity. The cause of 
the disturbances is often flow separa-
tion from the streamlined surface and 
the generation of vortex structures 
with cores featured by an abrupt 
increase in the flow velocity. An 
increase in the flow velocity can also 
occur at the streamlined surface itself 
– e.g. in narrowings of flow channels. 
As it is apparent from the energy con-
servation law (Bernoulli’s equation), 
in both cases there is a decrease in 
static pressure which can sometimes 
take even negative values.

Fig. 1. Cavitation bubble collapse course with implosion in the final stage of the process

Source: Belse Ltd. archive

Pits
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to the phenomenon of hydraulic shock. It is 
something resembling “thunder and light-
ning” (incidentally, sometimes flashes of 
light are generated during cavitation) and 
this state has consequences for the equip-
ment. If the implosion occurs in the imme-
diate vicinity of a wall, the symmetry of the 
phenomenon is disturbed, the bubble is 
deformed and a cumulative jet is formed 
which pierces the surface of the bubble 
and hits the wall at a very high speed. By 
this time the bubble has already deformed 
into a torus, which then undergoes further 
collapse and final implosion (fig.1).

Corrosion and cavitation damage 
In summary, cavitation is a phenomenon 
caused by a pressure change in a liquid, 
involving the initiation, growth and decay 
of bubbles containing vapour of a given 
liquid, gases dissolved in it or a liquid-va-
pour mixture. This process causes cavitation 
erosion due to implosion of bubbles near or 
directly on the surface of the eroding mate-
rial. The effects of cavitation erosion were 

already observed in the end of the 19th 
century in water turbines and ship pro-
pellers, yet at that time surface cavitation 
damage was still interpreted as the result 
of a special type of corrosion. Phenom-
ena such as corrosion and cavitation occur 
simultaneously and can even “fuel” each 
other. Cavitation erosion generates a cur-
rent of few milliamperes whose source may 
be, in particular, electrochemical phenom-
ena (corrosion) associated with detachment 
of metal particles and the penetration of 
hydrogen ions. On the other hand, corro-
sion products change the surface structure 
and, as they are poorly bonded to the sur-
face, easily spread into the liquid, constitut-
ing solid particle contamination.

Surface irregularities and particle contam-
ination can cause nucleation of cavita-
tion bubbles in the flow. Therefore, we are 
dealing with zones where surface damage 
will clearly be caused by cavitation, zones 
dominated by corrosion effects and areas 
of mixed wear. The intensity and nature 
of bubble nucleation at the liquid–solid 
interface are also dependent on the free 
energy (or surface tension) of the solid sur-
face. Smooth surfaces with low free energy, 
close to the free energy of the liquid (for 
water it is approx. 70 mJ/m2 at 20ºC), i.e. 
hydrophobic surfaces, help to reduce the 
likelihood of cavitation bubbles develop-
ment, which in turn leads to mitigation of 
erosion. Smoothness, hydrophobicity and 
susceptibility to hydrodynamic impact by 
the wave caused by implosion are surface 
characteristics showing a direct impact on 
erosion resistance of structural materials.

Performance tests 
of protective coatings 
Abundant operational experience shows 
that the use of composite materials for fill-
ing erosion pits and creating protective 
coatings provides the expected result of 
extended service lifetime. This is also con-

firmed by laboratory tests and by tests 
carried out at special installations (photo 
1a and 1b). Tests under conditions of 
advanced cavitation determined the time 
after which erosive damage would appear 
on the surface of the test material sample. 
And so, for alloy steel with chromium and 
nickel additives (Cr-Ni 134 “Turbine Alloy”), 
the first erosion pits occurred after approx. 
470 hours of testing, while no pits were 
observed at the sample of Belzona®2141 
composite, even after 500 hours of testing 
under the same conditions. Therefore, the 
polymer composite exhibits higher durabil-
ity against the phenomenon of cavitation 
erosion than alloy steel.

This effect was also confirmed by tests con-
ducted in the laboratory of the Faculty of 
Mechanical Engineering and Ship Tech-
nology of the Gdańsk University of Tech-
nology. This time cavitation was induced 
ultrasonically in a vessel without liquid 
flow (photo 2). The aim of the research was 
to test the resistance of different materials 
to erosion under conditions of cavitation 
generated during drilling. The compara-
tive analysis included, inter alia, durabil-
ity of the P110 steel (with the following 
alloying additives: 0,26% carbon, 0,19% 
silicon, 1,37% manganese, 0,148% chro-
mium, 0,028% nickel and others) and the 
Belzona®5831, 1321 and Belzona®2141 
composites. The test results are summa-
rised in figure 2. The erosion curves rep-
resent mass loss (in grams) as a function of 
the exposure time in the cavitation envi-
ronment – the higher the mass loss, the 
lower the material erosion resistance. The 
erosion curve of Belzona®2141 compos-
ite almost lies on the x-axis of the graph, 
which proves very good resistance of the 
material, even better than that of the P110 
steel. Even alloys of “softer” and more mal-
leable metals, so-called hydronals, e.g. 
Cu-Ni and Al-CR, used in shipbuilding and 
hydraulic civil engineering due to their 

Photo 2. Laboratory rig for testing material resistance 
to cavitation by means of the vibratory method Fig. 2. Erosion curves determined by means of a cavitation test in distilled water

Photo 1a. Test rig used for establishing the cavitation 
erosion initiation period of a streamlined surface

Photo 1b. Longitudinal section of the flow module 
channel in the test rig of Photo 1a. Sample sub-
jected to cavitation marked in yellow

Source: Ł. Bolew
ski, M

. Szkodo, M
. Km
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Source: Ł. Bolew
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Source: Laboratory of fluid-flow machinery VOITH Turbo Ltd.

Source: Laboratory of fluid-flow machinery VOITH Turbo Ltd.
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high resistance to cavitation and corro-
sion, have not reached the durability level 
of the Belzona®2141 composite coating 
in erosion tests. The erosion curves were 
determined from the results of tests in 
which cavitation was induced by an acous-

tic field of 20 kHz frequency. In addition to 
the Cu-Ni alloy (cupronickel curve on the 
graph) and Belzona®2141 (sample C on 
the graph), DH36 steel known as shipbuild-
ing steel (C-0.18% Si-0.10% Mn-0.90% 
CR-0.20% Ni-0.40% Cu-0.35%) and con-
ventional alloy steel (stainless steel) were 
also tested (Fig. 3). Photos 3 a and b show 
post-exposure view of the samples. At this 
test rig, located at the laboratories of City 
University of London, the cavitation expo-
sure duration of each sample was 5 hours. 
Each sample was carefully weighed before 
the test and after each test interval. The  
results are summarised in figure 3.

Conclusions 
Cavitation as a phenomenon consisting 
in development and collapse of local flow 

field discontinuities, and releasing substan-
tial energy packages that strike the solid 
surface in form of short duration pressure 
pulses, is a real “water cannon”! It seems, 
based on experiments and applications, 
that a surface is the more resistant to the 
impact of such “water shots”, the more it is 
able to absorb the energy of these impacts 
without triggering destructive stresses in 
the material. Such an effect can be pro-
vided by a polymeric material, in par-
ticular Belzona®2141, which - thanks to 
its elasticity – shows good capabilities of 
relaxation and dissipation of energy. Both 
features complement the erosion and cor-
rosion resistance of metal parts of machin-
ery and equipment such as: ship propellers 
and rudders (photo 4), runner blades and 
other components of water turbine flow 
systems, impellers and impeller pump cas-
ings (photos 5, 6, 7) and many others.

Fig. 3. Erosion curves of metal alloys and the Belzona®2141 composite (C samples) after 5 hours of cavitation exposure
Photo 3a. Sample of Cu-Ni alloy. View after exposure 
at the vibratory test rig

Photo 3b. Sample of the Belzona®2141 composite. 
Post-exposure view

Photo 7. Water turbine runner blades covered with 
Belzona®1341 and Belzona®2141 hydrophobic 
and anti-cavitation coatings, respectively

Photo 6. Pump body after filling the pitting with the Belzona®1311 composite, rehabilitation by means of 
the Belzona®1341 coating and applying Belzona protective coating

Photo 4. Belzona®2141 coating used to protect ship 
rudder and propeller against cavitation

Photo 5. Cavitation pitting in the surface layer of the 
pump body

M. Eng. Roman Masek 
Technical Director

mobile: +48 501 366 251
rmasek@belse.com.pl
www.belse.com.pl 
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Is 10 years a lot or a little? It all depends 
on the context in which we ask our-
selves this question and even then the 

answer is not easy. Let me look at this time 
frame subjectively, from the perspective of 
a hydraulic engineer, who has worked in 
the industry for nearly 50 years. I will con-
sider three aspects: 
1) 10 years of the “Energetyka Wodna” 

quarterly; 
2) changes in hydropower management 

and engineering; 
3) training of young staff.

10 years of the “Energetyka Wodna” 
quarterly
Hydraulic engineering, mainly damming 
structures of all kinds, is one of the first and 
basic engineering activities in the history 
of mankind. Ancient civilizations identified 
themselves with the construction of water 
reservoirs designed mainly for the purpose 
of water storage, primarily for agricultural 
irrigation. The construction of dams is one 
of the most important achievements of 
engineering art. An important point in their 
development became the ability to gener-
ate electricity and transmit it to where it 
was needed. Hydropower plants utilize two 
important elements of damming structures, 
that is the slope and the flow of water. 
Hydro turbines that convert the energy of 
flowing water into mechanical energy are 
some of the most efficient devices and they 
do not cause any pollution. They produce 
ecologically clean and renewable electricity.

When the first issue of “Energetyka Wodna” 
was published at the beginning of 2012, 
I think there were few people who believed 
in its success. Meanwhile, the initiative of 
the  Polish Association For Small Hydro-
power Development (TRMEW) turned out 
to be a great success. In the era of the 
ubiquitous Internet, a paper publication 
addressed mainly to practitioners, but also 
including theoretical issues, has a well-es-

tablished position among specialists in 
water management, in particular hydro-
power. The high editorial level, interesting 
and up-to-date articles make the circle of 
recipients of the quarterly constantly grow-
ing. Simply a chapeau bas for the entire 
Editorial Board and all those who have con-
tributed and continue to contribute to the 
success of the Journal!

Changes in the economy and hydraulic 
engineering
Poland, a country in the center of Europe 
with over a thousand years of history, is 
a country with several hundred years of tra-
dition in hydraulic engineering. The coun-
try has one of the oldest handbooks on 
hydraulic engineering in Europe and on its 
territory many hydraulic engineering struc-
tures have been built. As the country devel-
oped, the need for hydraulic engineering 
specialists and corresponding specialized 
manuals grew. The first one, written by 
the Olomouc bishop Jan Dubrawius, was 
published in Wrocław in 1547 in Latin (in 
1600, the priest Andrzej Proga published J. 
Dubrawius’ work in Polish in Kraków). The 
second work on pond construction was 
written in Polish in the middle of the 16th 
century by Olbrycht Strumieński. He wrote 
in the introduction that a manual on pond 
management had already been published 
in Latin in Wrocław, but he, a simple man 
and pond builder, knew only Polish. His 
work titled “O sprawie, sypaniu, wymie-
rzaniu i rybieniu stawów, także o prze-
kopach, o ważeniu i prowadzeniu wody. 
Książki wszystkim gospodarzom potrzebne.” 
was published in Cracow in 1573 (fig. 1) 
[Strumieński, reprint 1987, Taborska 2019]. 
It is the first textbook in the Polish lan-
guage on civil engineering, which contains 
the expertise necessary for the construc-
tion of small water reservoirs (ponds) and 
earth dams (levees). Strumieński, as a prac-
titioner, devotes much space in his work to 
leveling measurements by including draw-

ings of simple instruments with instructions 
for their use. Fig. 2 shows a simple device 
for checking the correctness of the level of, 
for example, the crest of an embankment.

Thus, ten years against the background of 
such a rich history may seem a very short 
interval, however, undoubtedly very inter-
esting, mainly because of the changes in 
water law. The first, after regaining inde-
pendence in 1918, water law was adopted 
in 1922. Gabriel Narutowicz (1865-1922), 
the first President of the Republic of Poland, 
hydrotechnician of recognized European 
fame, former professor at the Zurich Uni-
versity of Technology, on the 23rd of June 
1920 became the Minister of Public Works 
and undertook the organization of water 
management in Poland. Among other 
things, he established a hydrological service 
in 1921 and standardized water legislation 
by issuing a decree on the uniform text of 
the Water Law in September 1922. It was 
later amended many times, whether dur-
ing the Second Polish Republic, the Polish 
People’s Republic or after 1989. The current 
Water Law, passed in 2017, has made many 
changes. Key areas of regulation included 
[Gajda 2017]:
• establishment of the State Water Holding 

Polish Waters (Państwowe Gospodarstwo 

A decade in water management and hydraulic 
engineering in Poland

The tradition of Polish water management and hydraulic engineering is sev-
eral hundred years of history, many achievements and outstanding personali-
ties. From this perspective, it is worth referring to the changes that have taken 
place in the past ten years. Changes in management organization, new invest-
ments,a new magazine “Energetyka Wodna” and in the background the chal-
lenges for education and development of young staff. All this gives rise to a sub-
jective assessment and identification of challenges for the coming years.

Fig. 1. Title page of the work by Olbrycht Strumien-
ski, published in Cracow in 1573: O sprawie, sypaniu, 
wymierzaniu i rybieniu stawów, także o przekopach, 
o ważeniu i prowadzeniu wody. Książki wszystkim 
gospodarzom potrzebne. Kraków 1573. Reprint  
z przedmową Aleksandra Nyrka. Wydawnictwo Insty-
tutu Śląskiego w Opolu. Opole 1987 r., s. V–XXXII.
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Wodne Wody Polskie) - a state legal per-
son as an entity responsible for water man-
agement issues throughout the country; 

• a new system of fees for water services; 
• changes in administrative regulations, 

including the introduction of “water con-
sent” covering water permits, water permit 
applications and water permit assessments.

Of course, there are far more changes and 
issues covered by the new water law. It is 
a very extensive and not easy document. 
I would not like to make an assessment of 
it and it is probably too early to analyze its 
effects. However, it must be said that it has 
contributed to practical liquidation of the 
melioration industry, as well as it has given 
an opportunity, which is always a privilege 
of those in power in such a situation, for 
a thorough replacement of management 
and hydraulic engineering staff.

And what about hydrotechnical invest-
ments? 10 years in a country where large 
structures often take decades to complete 
(see the construction of the Świnna Poręba 
dam and reservoir or the construction of 
the Malczyce barrage on the Oder River), 
it is difficult to make an analysis for such 
a short period of time. One thing is certain, 
each current government attributes the 
success of the project to itself forgetting 
who started it and who led it. It is always 
the case that thanks to special efforts an 
object manages to be completed. I myself 
have taken part in several such fetes, many 

times on the same object. There is always 
an opportunity - to achieve full technical 
efficiency, to obtain maximum damming, 
etc. From the hydraulic engineer’s point 
of view, it is always a joy that something 
has been built, that hydraulic engineering 
is needed. In the last ten years there have 
been several such achievements (I mean 
only the largest investments): Świnna 
Poręba Reservoir (2015-2019; various dates 
of dam opening, completion of construc-
tion and power plant start-up), Racibórz 
Dolny Reservoir (2020) or Malczyce Bar-
rage on the Oder River (2018 - opening of 
the lock; construction is still in progress). 
The largest project currently under con-
struction is the cross-cutting of the Vistula 
Spit. Work began in 2019 and by the end 
of 2021, construction of the waterway con-
necting the Vistula Lagoon with the Gulf of 
Gdansk was 86% advanced. As part of the 
investment, two rotary bridges, unique in 
Poland, were built. In the lock, which con-
stitutes the heart of the investment, most 
of the reinforced concrete works were com-
pleted and the gates were installed. Work 
was also carried out on the construction of 
an artificial island. Thanks to the construc-
tion of the channel through the Vistula Spit, 
vessels with a draft of up to 4.5 m, length of 
up to 100 m and width of up to 20 m will 
be able to sail from the Gulf of Gdansk to 
the Vistula Lagoon [Chylińska 2022].

In January 2017 Poland ratified the Euro-
pean Agreement on Main Inland Water-
ways of International Importance (also 
known as the AGN Convention). This was 
followed by advanced design work for 
the reconstruction and modernization of 
our waterways. From the point of view of 
hydraulic engineering, large hydrotechnical 
investments are anticipated and they may 
be realized quickly.

Training of young staff water management 
is a field dealing with rational use of sur-
face and underground resources of inland 
waters, primarily in terms of various pur-
poses of water supply and quantitative and 
qualitative protection of water resources 
from depletion and pollution. Protection 
against the harmful effects of water excess 
(floods, erosion, denudation) or water scar-
city (droughts) is also an extremely impor-
tant element [From the Editor, Water Man-
agement 2021]. Hydraulic engineering 
has a special place in this field. Tradition-
ally, these specialists were educated by aca-

demic centers in Warsaw, Gdansk, Wroclaw, 
Cracow, Szczecin or Poznan. For many years 
there was a regression, especially when the 
Act Construction Law in 1994 abolished 
the construction entitlements in the field 
of hydraulic engineering. Besides, the uni-
versities themselves converted the teaching 
to environmental engineering. Fortunately, 
the entitlements were restored in 2014 
(that is 8 years ago). This caused in the ini-
tial period an increase in interest in this 
specialty. Unfortunately, the last few years 
have seen a marked reduction in the num-
ber of applicants. Although there is a lot of 
interest in hydraulic engineering special-
ists in the broader executive branch, there 
appears to be a shortage of specialists. It 
remains only to believe that the ambitious 
plan of hydraulic engineering investments 
for the coming years will increase the num-
ber of students in this direction. The activ-
ities of the magazine “Energetyka Wodna” 
also serve this trend and we should be 
thankful for that. Finally, it is still an open 
question whether 10 years is a lot or a little. 
One thing is certain, hydropower engineer-
ing is and will be needed and the journal’s 
editorial team should be wished further 
years of successin the field of promoting 
and developing this discipline.
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Fig. 2. One of the instruments for leveling during earth-
works, included in the work by Olbrycht Strumien-
ski, published in Cracow in 1573: O sprawie, sypaniu, 
wymierzaniu i rybieniu stawów, także o przekopach, 
o ważeniu i prowadzeniu wody. Książki wszystkim gosp-
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mową Aleksandra Nyrka. Wydawnictwo Instytutu 
Śląskiego w Opolu. Opole 1987 r., s. V–XXXII. Pub-
lished by the Silesian Institute in Opole. Opole 1987.
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The HYPOSO project has been imple-
mented since 2019 by a consortium 
consisting of 13 partners, including 

8 European organisations and companies 
and 5 from the African and Latin Ameri-
can countries mentioned above. Two Polish 
entities - Institute of Fluid-Flow Machin-
ery of the Polish Academy of Sciences 
and TRMEW sp. z o.o. - are involved in 
the implementation of HYPOSO project 
tasks. Activities in HORIZON 2020 projects 
are implemented in so-called work pack-
ages, which are the responsibility of des-
ignated partners. One of such packages 
is managed by TRMEW. It is dedicated to 
cooperation between representatives of 
the European hydropower industry and 
local stakeholders and aims to accelerate 
the market uptake of EU hydropower tech-
nologies in target countries. One of the 
tools to achieve this goal is to hold work-
shops on the framework conditions for 
hydropower in the target countries. Dur-
ing the HYPOSO project five workshops are 
planned, one in each target country. The 
intention of the organisers of these work-
shops is to present and discuss the possi-
bilities for the development of small hydro-
power plants in the target countries. This is 
done on the basis of the analysis carried 
out by the HYPOSO experts (A report on 
the framework analysis and research needs 

in the five target countries was described 
in an extensive article in EW No 3/2020), 
as well as on the basis of examples of pilot 
SHP projects selected for the HYPOSO 
project. The debate during the workshop 
should result in the formulation of pre-
liminary recommendations to policy mak-
ers in each target country on how to facili-
tate the development of small hydropower 
plants and create better framework condi-
tions for hydropower investments.

Hydropower in Cameroon
The analysis of conditions for the devel-
opment of SHP in Cameroon has already 
been partially presented in “Energetyka 
Wodna”. Just to recall, this country has 
the fourth largest hydropower potential 
among African countries. It amounts to 
294 TWh per year, of which 115 TWh can 
be exploited with the current state of tech-
nical knowledge and 105 TWh would be 
economically viable. So far, however, only 
4% of the technical potential is used. In 
2017, the installed capacity of operating 
hydropower plants was 816 MW, with the 
generation capacity of all sources being 
1529 MW. The total energy sector gen-
erated 6,973 GWh of electricity in Came-
roon in the same year, of which 5,090 GWh 
(73%) came from hydropower. In 2019, 
eight hydropower plants were operating or 
under construction in Cameroon. Three of 
these were small-scale installations. Came-
roon does not have an accurate estimate 
of the national potential for small hydro-
power and is seeking funding to carry out 
an in-depth analysis of this potential. It is 

estimated at 970 MW, but other sources 
indicate that the energy production from 
SHP could be 1,115 TWh per year. The 
energy potential is mainly concentrated in 
the west and in its eastern part. 

The considerable potential for hydropower 
development offers many investment 
opportunities. This potential is so large that 
its exploitation would enable Cameroon to 
export electricity. Four of its neighbour-
ing countries - Chad, Nigeria, Gabon and 
Equatorial Guinea - have already expressed 
interest in this solution, and as soon as 
more hydropower plants come on stream, 
transmission lines are planned. However, it 
is also important to highlight the negative 
impact of the effects of climate change on 
hydropower development opportunities in 
Cameroon. There are persistent power out-
ages throughout the country, particularly 
during the dry season when water levels in 
reservoirs are very low.

Investment preparation and construction 
of large hydropower plants is SHP across 
the country. Examples of such projects 
are: HP Nachtigal (420 MW), HP Song-
dong (398 MW) or HP Chollet (600 MW). 
A private developer plans to develop the 
485 MW hydropower project Kpep, which 
would eventually reach 850 MW, and 
another example of private investment is 
the Makay project (400 MW). In addition, 
about 20 more SHPs are planned to be 
built in the next 10 years. Several power 
plants are to be built to replace currently 
inoperative plants whose production has 

HYPOSO workshop on conditions for small 
hydropower development in Cameroon

HYPOSO is a research project funded 
by the EU HORIZON 2020 programme, 
as readers of “Energetyka Wodna” 
have had the opportunity to learn 
from previous issues of the magazine. 
The aim of the project is to support 
the European hydropower industry 
while stimulating sustainable devel-
opment of the sector in selected Afri-
can and Latin American countries. 
One of the tasks of the project is to 
conduct a series of workshops on the 
conditions for the development of the 
hydropower sector in the project tar-
get countries, i.e. Bolivia, Colombia 
and Ecuador (Latin America) and in 
Cameroon and Uganda (Africa). This 
article reports on a workshop held 
in January this year in Yaoundé, the 
capital of Cameroon, and is based on 
a comprehensive report produced by 
the HYPOSO project. 
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Photo 1. Participants at the workshop on framework conditions for small hydropower in Cameroon
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been stopped for technical (grid expan-
sion) and political (riots and unrest) rea-
sons; these are plants with capacities rang-
ing from 20 kW to 3 MW. 

Debate
A workshop on the framework condi-
tions for small hydropower in Cameroon 
was held on 28 January 2022 in Yaoundé. 
The event was organised by project part-
ners TRMEW (Poland) and SolarHydroWatt 
(Cameroon) under the patronage of the 
Ministry of Water Resources and Energy of 
Cameroon. The debate, which took place 
at the Hilton Hotel, gathered 29 experts, 
including representatives of the Ministry of 
Water Resources and Energy of Cameroon, 
the Investment Promotion Agency, the EU 
Delegation to Cameroon, as well as utility 
companies and investors and developers.

Valerie Nkue, representative of the Minis-
try of Water Resources and Energy opened 
the meeting, followed by Ewa Malicka 
(TRMEW) providing background infor-
mation on the HYPOSO project as well 
as the objectives of the workshop. Then 
Joseph Kenfack (SolarHydroWatt) pre-
sented the main results of the analysis of 
the framework conditions for hydropower 
in Cameroon, carried out within the project 
together with the Lithuanian partner VDU. 
He presented data on Cameroon’s energy 
sector and described the current situation 
in the hydropower sector, including small 
hydropower plants. The following issues 
were mentioned as hindering the develop-
ment of small hydropower in the country: 
policy, regulation, institutions, information, 
awareness and technical capacity, and lack 
of financial resources.

Joseph Kenfack pointed to the govern-
ment’s favouritism of large hydropower 
plants to export electricty to neighbour-
ing countries, shortcomings in the creation 
of a legal framework to promote renew-
able energy, and the trouble of ensur-
ing good energy prices to attract private 

investment as the main challenges to the 
development of SHPs in Cameroon. In 
addition, he cited as barriers the lack of 
hydrological, climatic and other statistical 
data, difficulties in establishing and oper-
ating private companies in the hydro-
power sector, excessive bureaucracy, as 
well as low public acceptance of hydro-
power projects and resistance from some 
rural communities due to cultural and his-
torical conditions related to the use of 
water resources. J. Kenfack paid particular 
attention to the financial challenges faced 
by investors in SHP. These include lack of 
resources for the necessary equity capital 
for private sector start-ups, lack of availa-
bility of credit from investment or devel-
opment banks, very high interest rates on 
CFA Central African Franc (XAF) loans, lack 
of guarantees from governments or local 
banks, risk of XAF devaluation, and lack 
of support for post-launch project financ-
ing. J. Kenfack believes that recommenda-
tions for Cameroon to facilitate domestic 
investment in the small hydropower sec-
tor, focused on selected pilot sites and 
implemented, could have a snowball effect 
favouring further investment. 

Nino Frosio (Frosio Next) then presented 
three selected pilot sites (Falaise, Fas-
song Wentcheng and Mougue) for which 
HYPOSO will develop pre-feasibility stud-
ies and where European technologies 
are expected to be applied in the future. 

HYPOSO experts working on the design 
documentation of the pilot SHPs vis-
ited these sites just before the workshop. 
N. Frosio said that the preliminary loca-
tions of the main hydrotechnical elements, 
such as water intakes, pipelines and power 
plant buildings, had been selected in an 
appropriate way by the local partners and 
pointed out that the most difficult thing 
from the point of view of project imple-
mentation would be to ensure the smooth 
transport of construction materials and 
pipes along very steep slopes, but added 
that European experience and know-how 
would be very useful in solving such prob-
lems. In addition, N. Frosio appreciated 
the effective cooperation with local tech-
nical experts, who enabled the HYPOSO 
project representatives to reach and meas-
ure the planned SHP sites in an efficient 
and comfortable way, despite the difficult 
access to them.

The presentations were followed by 
a discussion, moderated by Prof. Bern-
hard Pelikan (representing Frosio Next in 
the HYPOSO project) and Joseph Kenfack, 
during which participants reflected on 
recommendations for Cameroon in cre-
ating a friendly atmosphere for hydro-
power investments. Opening the discus-
sion, B. Pelikan stressed that the country 
is very rich in hydropower resources, and 
the debate is intended to provide an 
answer to the question of what stands in 
the way of their use for electricity gen-
eration. Numerous views and ideas on 
the current situation and needs of hydro-
power in Cameroon were discussed with 
the invited guests.

Conclusions
After the debate, it was time for B. Pelikan 
to sum up the discussion. He divided the 
conclusions into three thematic strands, 
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Photo 3. Participants at the workshop on framework conditions for small hydropower in Cameroon

Photo 2. Speakers and facilitators of the Workshop on Framework Conditions for Small Hydropower  
in Cameroon (from left: J. Steller, B. Pelikan, V. Nkue, J. Kenfack, E. Malicka and N. Frosio)
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relating to the three issues that came up 
most frequently during the debate. 

The first of these was ‘money’. B. Pelikan 
found this a hardly surprising conclusion, 
as financial issues are the driving force 
behind many areas of operation. In the 
case of hydropower in Cameroon, financial 
issues are a major problem in two respects: 
firstly, the difficulty in funding pre-feasibil-
ity studies and secondly, in encouraging 
potential investors to proceed with pro-
jects. B. Pelikan noted that an analysis of 
financing options for selected projects will 
be part of the feasibility study. This analysis 
should result in models that could be used 
as examples for other projects. 

The second thematic strand is ‘regulation’. 
In the regulatory area, the need to intro-
duce a feed-in tariff mechanism was con-
sidered to be the most important. This 
topic was raised several times during the 

discussion and recommended as an impor-
tant solution to support and facilitate the 
development of small hydropower, which 
could encourage investment in this sec-
tor. Another regulatory solution, which 
was mentioned in the discussion by B. Peli-
kan, was the one-stop-shop system, which 
would make it possible to obtain all neces-
sary approvals and concessions related to 
an investment in small hydropower in one 
place, instead of the costly and time-con-
suming practice of applying for permits in 
many institutions. Workshop participants 
also liked very much the idea of standard-
ising procedures, mentioned several times 
during the debate. B. Pelikan expressed the 
hope that the partnership in information 
exchange between Ugandan and Cam-
eroonian stakeholders initiated during 
the workshop could lead to the first very 
practical outcome of the HYPOSO project, 
which would be the availability of the PPA 
template developed in Uganda.

“Capacity building” was identified as the 
third problem thread of the discussion. B. 
Pelikan stated that training activities will 
not make sense without practical appli-
cation of the knowledge gained, there-
fore such activities should always be linked 
to further project development. He stated 
that he was pleased to see that there were 
many people willing to take part in the 
capacity-building course of the HYPOSO 
project, the second part of which took 
place the following week in Cameroon. 

Graphics come from the archive of HYPOSO project

Photo 4. Locations of pilot projects in Cameroon - part of presentation by N. Frosio

Ewa Malicka 
President of the Polish Association 
for Small Hydropower Development (TRMEW)
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Databases such as EREF’s RESTOR 
Hydro Database or the AMBER 
Barrier Atlas show good potential 

for development, especially through the 
refurbishment of decommissioned small 
hydropower plants and unused weirs and 
transverse structures, estimated at about 
280,000 in the 27 EU countries. Recent 
developments in kinetic turbines and very 
low head turbines allow for the expan-
sion of the sector in flat areas. Especially 
the Dutch provinces regard small hydro-
power as an opportunity to complement 
PV and wind within the development of 
energy self-sufficient villages and commu-
nities. European hydropower equipment 
manufacturers are considered global tech-
nology leaders and export their products to 
small hydropower “boom” regions in Africa 
and Asia. Yet, the development of the small 
hydropower sector in the EU looks different. 

Plans, needs and opportunities
Only 16 of the 27 EU countries plan to 
expand the hydropower sector in their 
national energy and climate plans, with 
large hydropower and storage facilities. 
Small hydropower with its characteristics 
however could play an important role in 
the European energy transition process. It 
enables flexibility and promotes the inte-
gration of variable renewable energies 
such as wind and solar power. Thanks to 
its decentralized contribution to electric-
ity supply, small hydropower helps reduce 
losses in electricity transmission and regu-
late voltage in the operation of local grids. 
Recent studies show that small hydropower 
avoids significant investments in grid mod-
ifications and saves grid costs.

In addition to the urgent need for rapid 
decarbonisation as a prerequisite for meet-
ing the Paris climate target, as highlighted 
in the last two IPCCC reports, the war in 
Ukraine also clearly shows the weaknesses 
of an energy system dependent on fos-
sil fuels. The rapid expansion of all availa-
ble renewable energies is not only of rele-
vance for climate policy, but also of great 
importance for energy security and the 

safeguarding of economic policy inter-
ests. Yet, the decision-makers tend to 
overlook opportunities and benefits of the 
small hydropower sector and even make it 
harder for the sector. 

Tough times ahead for  
small hydropower
Negotiations for important EU policy files 
are scheduled for 2022, which could be 
detrimental to the development of the sec-
tor. The taxonomy framework, which the 
European Commission uses to set stand-
ards for green business practices, will be 
expanded again with the adoption of the 
delegated act on climate. The previous 
drafts do not include small hydropower. If 
this were to remain the case, it would be 
extremely difficult for plant developers to 
secure financing and funding. The Com-
mission is also in the process of imple-
menting general licensing reform. Here, 
EREF is working to ensure that the new 
rules do not require competitive bidding 
for existing small hydropower facilities at 
license expiration. 

In addition to the taxonomy files, the first 
delegated regulation of the Commis-
sion with technical assessment criteria to 
determine whether an economic activity 
is environmentally sustainable has entered 
into force on 1 January 2022. A group of 
experts will regular update the techni-
cal evaluation criteria. A report on this 
will be issued in the third quarter of 2022. 
EREF provides input on behalf of the small 
hydropower sector to improve the overall 
framework conditions. Important decisions 
will be prepared in the working groups 
on the implementation of the EU Water 
Framework Directive. The work program 
for 2022-23 puts the abolition of exemp-
tions for licenses for small hydropower 
plants and stricter residual flow require-
ments up for debate. In addition, new pro-
visions for hydropower in water bodies 
characterized as “heavily modified” are to 
be developed. This would make the con-
struction of new small hydropower plants 
in these water bodies much more difficult.

Decommissioning hydropower plants?
As part of the EU’s goal of having 25,000 
km of “free-flowing” rivers in EU coun-
tries by 2030, the EU will publish a new 
guidance document in July 2022 that will 
include, among other things, guidelines for 
the decommissioning of hydropower facil-
ities. As a result of, among other things, 
EREF’s contribution to last year ’s public 
consultation, the Commission has agreed 
to find more beneficial solutions for the 
small hydropower sector in this regard. 
Currently, the most intense discussion is 
on whether fish ladders can be considered 
effective solutions and whether they can 
be used to consider a river barrier-free.

This guideline is flanked by a package of 
measures to restore nature. This is sched-
uled for early summer 2022. Otherwise, 
the commission will still publish a guide on 
sediments and before the summer break. 
In the area of research, the Commission is 
focusing its attention on the promotion 
and development of innovative turbines 
in the pumped storage sector, as well as 
on so-called hidden hydropower in exist-
ing systems such as drinking water net-
works, sewage treatment plants and irriga-
tion canals. 

Thanks to the support of its members, EREF 
is able to defend the interests of small 
hydropower in the EU institutions. Due 
to the ongoing political dossiers and the 
European and national campaigns against 
small hydropower by so-called environ-
mental associations, there is much to do.

Hydropower news from Brussels
According to EREF’s calculations based on various databases, the small hydropower 
sector in the 27 EU countries currently comprises around 22,000 small hydropower 
plants. These generate renewable electricity for about 13 of 195 million households. 
The sector directly employs ca. 60,000 professionals in more than 4,500 companies 
– mainly small and medium-sized enterprises and family businesses.

Dirk Hendricks
General Secretary 
European Renewable Energies Federation (EREF)
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The Hydroshaft concept – eco-friendly, 
scalable and economic hydropower

The Hydroshaft concept is an innovative solution for the sustainable develop-
ment of low-head hydropower. It was developed at the Technical University of 
Munich and is protected by several patents. The concept unites two of the great-
est challenges of our time in a completely new way: The protection of freshwater 
ecology and the reliable power supply from renewable energy.

Due to ecological interventions in 
rivers, hydropower has continu-
ously lost acceptance in the last 

decades and, in addition, the legal require-
ments for new plants have become con-
siderably stricter with the European Water 
Framework Directive. Nature conservation 
associations have been calling for a general 

ban on new construction for many years. 
Despite the difficult framework condi-
tions, there are still convincing arguments 
in favor of regenerative power generation 
from hydropower. The central challenge of 
a modern and sustainable use of rivers for 
energy production is, among other things, 
to promote practical and ecological, yet 

economically feasible hydropower tech-
nology. The Technical University of Munich 
(TUM) was therefore motivated to develop 
a compact run-of-river low-head hydro-
power concept for nature-compatible use. 

The concept is both suitable to tap small 
hydropower potentials and can also be 
scaled up to the larger capacity range. Par-
ticularly, it can be added to existing lat-
eral structures in rivers that were originally 
built for other purposes, such as irrigation, 
groundwater regulation, energy dissipa-
tion or flood control. After many years of 

Photo 2: Different operation modes of the Hydroshaft Prototype (left to right): normal; rack cleaning; flood discharge

Photo 1: Excavation and partial removal of the weir structure for the new HSPP
Source: Bertalan Alapfy

Source: Technical U
niversity M

unich
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research and development, the basic idea 
of a barrier-free power plant that is inte-
grated in the dam body and permanently 
overflown, was able to reach practical 
maturity with the help of physical models 
and a 35 kW prototype plant. As the first 
larger natural pilot-plant, the innovative 
Hydroshaft Power Plant (HSPP) was built 
in the Upper Bavarian mountain river Loi-
sach at an existing rough ramp and suc-
cessfully commissioned in February 2020. 
The second commercial project was real-
ized as a HSPP at the river Iller near the 
small town Dietenheim at an existing weir 
and successfully commissioned in Novem-
ber 2021. In the meantime, at both loca-
tions several flood events with heavy sed-
iment and driftwood loads have already 
occurred, therefore well-founded state-
ments about the operational behavior of 
this type of power plant and its mechani-
cal components are already possible. Cur-
rently, several projects in Germany and 
abroad are in the planning phase in differ-
ent capacity ranges. 

The Hydroshaft System
The basic idea of the HSPP concept is the 
integration of the power plant into the 
dam structure. Thus, a conventional work-
ing water diversion with all its structural and 
ecological disadvantages can be avoided.

The developed solution includes a hori-
zontal intake area covered by a trash rack 
with very narrow bar clearance. A sub-
mersible turbine-generator-unit (TGU) is 
installed completely under water within the 
shaft chamber. In contrast to conventional 
hydroelectric power systems, the working 

water is diverted vertically downwards: The 
water flows towards the turbine through the 
horizontally arranged rack and is directed 
downstream via the turbine and the follow-
ing draft tube. In order to maintain a vor-
tex free and low-loss 90° flow deflection 
with a homogeneous velocity distribution, 
the intake must be designed for low inflow 
velocities. A large inlet area equipped with 
a fine rack with narrow bar clearance and 
a permanent overflow of the front gate are 
therefore required. This permanent over-
flow and site-specific openings at the front 
gate provide a direct downstream migration 
corridor for fish in close proximity to the 
intake. Thus, the energetically not usable but 
hydraulically necessary permanent overflow 
is effectively used for ecological purposes. 
With the further possibilities of the front-
gate adjustments – gap opening for rack 

cleaning and full lowering for driftwood/
sediment flushing and flood discharge – the 
system-relevant operational basic functions 
of a barrier-free and flood-safe power plant 
system are covered (photo 2). 

The HSPP requires the application of sub-
mersible TGUs. Due to the complete 
underwater arrangement, the capacity 
of each unit is limited. From hydraulic as 
well as operational aspects, the maximum 
discharge per shaft is currently approxi-
mately around 15 m3/s. In order to also 
enable the use at locations with greater 
hydraulic potential in a sensible manner, 
a serial arrangement of several individual 
shafts can be implemented. Within such 
a setup, further advantageous ecologi-
cal elements can be integrated. Thus, an 
innovative overall solution has been devel-

Photo 3: Arrangement of the HSPP Grossweil (left) with view on the two shafts with two trash rack modules each (right)

Fig. 1.  Multishaft system with optional ecological connection channel for larger rivers

Source: Technical U
niversity M

unich
Source: Technical U

niversity M
unich
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oped to include the upward migration of 
fish and other aquatic organisms (fig. 1). 
The concept “multi-shaft system” is based 
on the module “single shaft” with horizon-
tal inlet level, TGU in underwater arrange-
ment as well as an adjustable front gate 
with integrated fish descent windows. Due 
to this design, the HSPP fulfils damming, 
discharge control, energy conversion and 
ecological continuity functions.

Pilot Plant Loisach / Grossweil 
in South Bavaria
The hydpower plant in Grossweil is of spe-
cial significance not only because of the 
new technology, but also because of chal-
lenging site conditions in a nature conser-
vation area. The preexisting rough ramp 
was built in the 1970s with a steep inclina-
tion of 1:10 – 1:15. The upstream riverbed 
was silted up to the ramp crest with the 
consequence of shallow flow depths and 
therefore problematic hydraulic and sedi-
ment transport criteria for any new intake 
structure. As a sub-alpine river, the Lois-
ach is characterized by rapidly changing 
discharges and high sediment and drift-
wood loads. In spite of, or perhaps because 
of these difficult conditions, the operator 
has dared to implement the innovative 
Hydroshaft concept, which was still under 
development at the time of submission of 
the permit application. An application for 
a conventional hydropower plant had been 
rejected before. 

The final layout for the Loisach power plant 
was based on the results of the hydraulic 
investigation of the physical model and 
the prototype plant at TUM, supported by 
numerical simulations. GEPPERT (QT = 2 * 
11 m3/s) and two trash rack modules each. 
At the end of the shaft the damming, mul-
tifunctional and vertically movable pressure 
segment with permanent overflow and flow 

through the fish-descent openings is posi-
tioned. On both riverbanks, vertical slot 
passes for fish-upstream migration were 
constructed. Since the left foreland at the 
power plant site is flooded during high dis-
charge, the technical building was placed 
flood-secure and directly next to the shafts. 
In principle, this functional building could 
have been erected completely outside of 
the power plant unit, whereby the desired 
natural appearance of an overflown lateral 
structure could have been preserved.

Hydroshaft Power Plant  
Iller / Dietenheim
The Dietenheim HSPP is located in a diver-
sion stretch of the river Iller and was built 
from September 2020 to September 2021 
after a six-year approval and legal process. 
The HSPP is connected to the previously 
existing weir body, which was built in the 
1980s to prevent erosion of the ecologi-
cally degraded riverbed (photo 4). Power is 
generated by utilizing the average head of 
3.8 m at the weir and the specified ecolog-
ical flow in the diversion section, currently 
in the range of 3–9 m3/s.

Energy conversion is achieved by driving 
a 312 kW oil-hydraulically double-reg-
ulated GEPPERT turbine-generator unit 
(TGU), which is installed in a concrete shaft. 
The permanent magnet generator, directly 
coupled to the turbine shaft, is mounted in 
a watertight steel housing. Main difference 
to the project Großweil is, that the con-
crete shaft is divided into two parts; the 
wet section, and the dry section, separated 
by an inclined concrete partition. Photo 1 

Photo 4: The Iller-weir Dietenheim before (left) and after (right) the construction of the HSPP

Photo 5. Prof. Rutschmann (right) discusses visual observations with his colleagues during initial model tests 
of the Hydroshaft concept at the TUM's hydraulic laboratory in Obernach

Source: Technical U
niversity M

unich

Source: Bertalan A
lapfy



shows the excavation works for the new 
HSPP in the riverbed. First, the water flows 
through a fine screen with 15 mm bar 
spacing, which protects the TGU from sed-
iment and other material, into the wet area. 
The shaft is covered with two identical 
trash rack modules, both equipped with an 
electrically driven screen cleaner. A hydrau-
lically driven adjustable front gate with two 
fish migration windows is installed on the 
downstream side. 

In the dry section of the shaft is the access 
to the bearing bushings of the guide vane, 
as well as the hydraulic power unit, which 
is used for the adjustment of the TGU as 
well as the front gate. In addition, the 
generator and sensor cables of the TGE 
are brought together in two intermedi-
ate terminal boxes. Access to the dry area 
is via a 7.5 m deep access shaft, which is 
directly attached to the power plant shaft. 
The access shaft is equipped with a water-
tight pressure seal and is located below the 
headwater level during normal operation – 
making the power plant almost completely 
invisible. For inspection, maintenance or 
repair work, an aluminum frame is placed 
on top of the access shaft and the water 
level inside is lowered before the pressure 
seal is opened. In the rare event that work 
needs to be done in the screen area or the 
wet area of the shaft, a modular steel revi-
sion frame can be used to drain the entire 
powerhouse shaft. Access to the shaft will 
be via the weir crest if required. 

The electrical and plant controls equip-
ment is placed in a small building on the 
left bank, that is connected to the dry area 

of the shaft with a watertight cast iron 
pipe, providing a secure and dry connec-
tion for power and sensor cables. A newly 
constructed vertical slot pass and natu-
ral connection channel complete the pro-
ject, improving the up- and downstream 
ecological consistency while providing an 
annual renewable energy yield of approxi-
mately 1.6 GWh.

Learnings and further development
The scientific development and the two 
commercial projects showed, that the 
HSPP is a sustainable and technically and 
ecologically mature concept for low-head 
hydropower. Regarding economic attrac-
tiveness, there has been significant pro-
gress on the Dietenheim project, but this 
issue remains the biggest challenge to 
international breakthrough of this sustain-
able solution. On the one hand the HSPP 
offers economic advantages such as low 
space requirements and reduced excava-
tion and construction volumes. But since 
construction must always be carried out in 
the riverbed, increased risks from flooding 
during the construction phase as well as 
complex damming, dewatering and seal-
ing of the structure must be taken into 
account. With conventional construction 
methods, this takes time and effort, raising 
economic risks. To enable the installation 
of the technical equipment, concrete works 
need carried out at a high level of detail. 

The individual composition of the concrete 
structure and the E&M equipment requires 
a large planning, manufacturing, construc-
tion and installation effort, and thus has 
a significant effect on the total costs. 

Therefore, the EU-funded Horizon2020 
project Hydro4U was set up, in the frame-
work of which the HSPP is being further 
developed from a general concept to 
a turnkey product. The focus here is on 
standardization and modularization, both 
with regard to the planning, as well as the 
manufacturing, construction and installa-
tion of the power plant. The objective is to 
design standardized modules that can be 
installed and commissioned in a short time 
in a very simple construction environment. 
The technical product design phase is cur-
rently underway, and a first demonstration 
plant with such Hydroshaft modules is to 
be built in 2024 as part of the Hydro4U 
project in Central Asia.
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In addition to large generating units, 
which are of global importance, small 
hydropower plays a very important 

role, improving local energy, environmen-
tal and economic conditions. Throughout 
Europe, and especially in Poland, there is 
still a huge untapped hydropower poten-
tial. Small hydropower faces many chal-
lenges. In order to tackle political, environ-
mental and social constraints, the sector 
should ensure that individual hydropower 
installations are developed in a sustaina-
ble and cost-competitive way. This requires 
a modern out-of-the-box approach to 
ensure stable and planned development of 
the industry that is in line with the chang-
ing investment environment.

At IOZE hydro, we approach the devel-
opment of each hydropower facility in 
a responsible manner. We execute projects 
comprehensively to ensure consistency and 
correctness at all stages of the construc-
tion process. We perform studies that help 
in the process of making a business deci-
sion about the investor’s involvement in 
the project. This is an extremely important 
stage, as at the very beginning we are able 
to obtain knowledge about the expected 
financial indicators of the project, as well 
as any individual risks that may occur in 
the process of project implementation. 
This article describes our recent, exemplary 
realizations in the form of a project review. 
We hope that they shall be an inspiration 
– and at least in a short form - a source 
of good practice in designing and building 
small hydropower plants.

Major overhaul of the turbine 
Myczkowce is equipped with one hydro-
set with a four-bladed Kaplan turbine. The 
hydroset operates at a head of about 15 
m and a maximum flow rate of 1.8 m3/s. 
The turbine is connected to an asynchro-
nous generator via a flexible coupling. As 
part of the overhaul, the entire hydraulic 
profile of the turbine was evaluated and 
repaired (including inlet element, actua-
tion system, cover, turbine’s chamber, its 
runner and suction pipe). Among other 

things, all the turbine seals, bearings, and 
a turbine-generator shaft coupling were 
replaced. In order to assess the condition 
of the hydraulic profile and the scope of 
the repair needed, among other means, 
a 3D scan was used and measurements 
were taken with a Faro Quantum ScanArm 
device. A significant scope of the project 
was the instrumentation control and auto-
mation part. The functionality of the cur-
rent system was extended by replacing the 
main controller and implementing a new 
SCADA system. Visualisation display in the 
supervising system at Solina pumped stor-
age plant has been updated. Myczkowce 
SHP was adjusted to offer safe, efficient 
and failure-free operation. All repairs and 
improvements implemented during the 
modernisation works enabled not only safe 
operation and higher availability of the 
SHP, but also increase in the power out-
put. During a few weeks of operation after 
commissioning of the facility, an increase 
in power output by approximately 5% (as 
compared to the state before the repair) 
has been noticed. Such a change will real-
istically translate into higher electricity 
production, that equals higher revenues 
for the owner, and thus – into environ-
mental benefits. Regular maintenance and 
repairs of the hydropower facilities, as well 
as modern automation contribute to the 
provision of tangible benefits - increased 
production and income for the owner.

Compact, high-efficiency Francis
turbine equipped hydroset
Previously untapped hydropower poten-
tial of the existing dam, whose primary 
function is to provide water retention, 
flood control and drinking water supply 
has been harnessed by installing a Francis 
turbine. The new Francis turbine installed 
in the bottom discharge chamber of the 
dam is fed by a constant biological flow. 
The runner of the small 75 kW turbine has 
been individually designed and optimised 
using ANSYS-CFX software. The Francis 
turbine runner, directional vanes, and cams 
of the actuation system were fabricated 
from high-quality stainless steel by 5-axis 

machining inside OKUMA multipurpose 
machining centre. Such a machine ensures 
faithful reproduction of the designed 
shape, while its kinematic construction and 
the resulting stability guarantee the desired 
accuracy and repeatability of the parts. The 
OKUMA machining centre is equipped with 
a vibration reduction system and temper-
ature change compensation system, which 
makes it possible, among other things, to 
achieve the assumed values of roughness 
of the machined surfaces.

The efficiency of the hydraulic system has 
been designed to be 94% at the optimum 
operating conditions of the turbine. In this 
project the idea of compact solutions has 
been implemented. The assembly and tests 
of key components of the hydroset were 
carried out at the production facility. From 
the very beginning of the project devel-
opment and at its every stage - includ-
ing production, the aim was to minimize 
the time required for assembly and com-
missioning of the generating facility at the 
destination site. Devices that leave the pro-
duction plant are complete modules, ready 
for quick and efficient fitting and having 
an ability to quickly connect them to the 
existing building infrastructure.

This project is an example that even small 
turbines can be manufactured to the high-
est standard found in professional solu-
tions, while being cost competitive. Appro-
priate approach at the stage of hydroset 
manufacturing minimizes the scope of 
construction and installation works at the 
target site of the SHP.

IOZE hydro realisations
The current priority for energy development in Europe is the transformation of 
the electric system towards low-carbon and cost-effective generation sources. 
One of the best sources of energy to achieve this goal is hydropower. Hydropower 
is a flexible energy source that can also be used for energy storage and balancing 
in a mix of different, less stable generation facilities in the grid.

ADVERTORIAL

Photo 1. Modernised Kaplan water turbine
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Microturbine with permanent  
magnet generator 
The design of the microturbine was cre-
ated for the needs of a research stand 
to be installed at a technical university - 
Kielce University of Technology. The tur-
bine is equipped with a variable blade 
pitch Kaplan turbine and an actuation sys-
tem. Additionally, a highly efficient perma-
nent magnet synchronous generator has 
been installed, so it allows to change the 
rotational speed of the hydroset thanks to 
working with a frequency converter. Small 
size turbine (with runner’s diameter of 300 
mm) has a direct connection with the gen-

erator and is designed for a nominal head 
of 4.5 m.
In this case the solution works in labora-
tory conditions, but we are convinced that 
it could also successfully produce energy 
in actual generation facilities. One of the 
goals of IOZE hydro is to ensure the avail-
ability and high quality of hydro turbine 
technology. Very often, locations with lit-
tle hydropower potential are not exploited 
due to the high cost of purchasing tur-
bines as well as their limited availability, 
which is especially true for microinstalla-
tions. We are convinced that it is possible 
to launch economically viable microinstal-
lations using cost-competitive and quali-
ty-uncompromised hydropower solutions.

Efficient exploitation 
of hydropower potential
Owners of small hydropower plants face 
many hurdles on a daily basis, not only in 
terms of technical operation of the plant, 
but especially in terms of formal and legal 
issues. According to the statement of Pol-
ish Society for the Development of Small 
Hydropower Plants issued in 2020, “Small 
hydropower plants in Poland with a capac-
ity of up to 5 MW launched before Octo-
ber 2005, i.e. approximately 400 installa-
tions with total generation capacity of over 
127 MW, shall have finished the 15-year 
period of support dedicated to renewa-
ble energy sources at the end of Septem-
ber this year”. Therefore, since the begin-
ning of October 2020, each of the small 

hydro owners should have ensured their 
ability to sell energy on market-based con-
ditions. In addition, the term of water per-
mits for numerous facilities is running out, 
and extending this period or applying for 
a new one often requires ensuring biologi-
cal patency of the water barrage, i.e. build-
ing a fish pass. In many cases, this means 
the cessation of energy production due to 
the lack of economic incentives for con-
ducting such activities – as capital expendi-
tures for building a traditional fish pass 
solutions tend to be high, while offering 
no return on investment whatsoever.

The Smrock SHP on the Orzyc River is 
a good example of how to cope with such 
challenges. Technical and financial analy-
ses showed that the optimal investment 
variant will be replacement of the exist-
ing Kaplan turbine installed on the pow-
erplant canal. Instead, the fulfilment of the 
requirement to unblock the weir on the 
main channel has been realized by install-
ing an active fish pass. The existing 1100 
mm manually operated Kaplan turbine 
was replaced with a fully automated 800 
mm turbine of the same type. This change 
resulted in a 45% increase in production 
and the ability to sell energy under the 
fixed tariff scheme for the next 15 years. In 
addition, an active fish pass was installed 
on the main weir, which apart from allow-
ing for an efficient migration of aquatic 
fauna, also produces electricity using the 
necessary biological flow. Over a full year, 
the active fish pass produces around 260 
MWh of power – thus contrary to tradi-
tional fish pass solutions, it offers a return 
on capital expenditures required to build 
one. This project is a great example of how 
to wisely manage available potential in 
a changing formal and legal environment.

Cost-effective use of the ultra-low head
At this location there exists a permanent 
correction barrage below a large body of 
water. Such a location has nearly no disad-
vantages. It provides stable and even flow, 
no pollution and a low risk of freezing. 
However, the maximum damming height 
on this barrage is only about 1.8 m. How 
to develop this potential to get an accept-
able rate of return on investment? Avail-
able solutions such as Kaplan’s horizon-
tal turbine or even Archimedean screw 
required significant civil works to safely 
place such hydrosets at that location. In 
addition, the optimal diameter of a tur-

Photo 3. Microturbine with Kaplan runner and 
a PMG generator

Photo 2. Compact hydroset equipped with Francis turbine

PROJECTS
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bine turbine would have been significant, 
resulting in high capital expenditures and 
low project profitability. Finally, a solution 
utilising four 1170 mm diameter siphon 
turbines has been chosen. IOZE hydro was 
responsible for the entire construction pro-
cess. The stages of the project were divided 
into several phases. Owing to a digital 3D 
model of the entire powerplant system and 
the use of a precise measurements made 
with a laser tracker, it was possible to con-
struct the reinforced concrete pedestals for 
the suction pipes and the turbine inflow 

ducts and then to assemble the turbine sys-
tem. Thanks to the modularity, a consider-
able amount of assembly work and testing 
could take place in the production facility, 
and the construction and assembly works 
at the target site was carried out quickly 
and efficiently. The cost of the civil works 
necessary for constructing the pedestals of 
the siphon turbines was approximately 10% 
of the value of the turbines themselves. 

This project overview is only a fraction for 
IOZE hydro activity. 

The experience gained during the imple-
mentation of dozens of SHP projects, both 
large, systemic ones for public customers 
as well as small facilities for private inves-
tors has enabled us to build an effective 
project management system. We transfer 
standards from professional power engi-
neering to each project, all of which we 
consider individually. Comprehensive pro-
ject management is a guarantee of a prof-
itable venture at the end of the investment 
process. Our ultimate goal is to provide 
a professional and cost-effective service to 
every entity in the hydropower sector. No 
matter at what stage you decide to coop-
erate with us, you can be sure that your 
investment is going to pay off.

We invite you to a no-obligation consulta-
tion. We are happy to share our knowledge 
and experience with you.

Photo 5. Siphon turbines exploiting a low head barrage

Photo 4. Water junction with Kaplan turbine and an active fish pass utilising biological flow

Graphics come from the archive of IOZE hydro

Łukasz Kalina  
Development Department
IOZE hydro

mobile: +48 512 008 805
lukasz.kalina@ioze.pl
www.hydro.ioze.pl
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Photo. Floating photovoltaic farm Sekdoorn in the Netherlands

Marcin Jędrak  
Respect Energy 
Investment Office in Grudziądz

mobile: +48 533 850 502
marcin.jedrak@respect.energy
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Photovoltaics on water is still not 
popular direction of development 
in Poland. However, knowledge 

and plans for the development of floating 
photovoltaic farms in Poland are gaining 
momentum. Such projects are also in the 
plans of Respect Energy, which in the com-
ing years plans to build several photovol-
taic installations on water.

What is photovoltaics on water? 
Floating photovoltaic power plants are 
a development of existing PV technol-
ogy, with the difference that the substrate 
for the “assembly” of photovoltaic panels 
is the water surface, as opposed to tradi-
tional installations mounted directly on the 
ground or roofs of buildings. The founda-
tion of photovoltaic panels placed on spe-
cial floats is possible on the surface of lakes, 
reservoirs, industrial ponds and coastal 
areas. The use of water bodies as sites for 
photovoltaic farms has become a global 
trend in recent years and opens new hori-
zons for the development of solar energy, 
especially in countries with limited availa-
bility of land for investment.

What are the advantages of floating 
photovoltaics? 
The biggest advantage of floating solar 
power plants is the ability to avoid the 
problems associated with land acquisition 
and site preparation for traditional photo-
voltaic installations. In some cases, floating 
solar power plants allow power generation 
much closer to areas with high electricity 
demand. This makes it an attractive option 
for countries with a high population den-
sity and lack of available land for this type 
of investment. Another advantage of float-
ing PV farms is the ability to implement 
the so-called cable pooling, or the idea of 
sharing energy infrastructure. 

The photovoltaic investment obtains the 
best economic indicators when it is located 
near the existing power supply. A short dis-

tance from a wind farm or hydropower 
plant allows the use of existing infrastruc-
ture, thus speeding up the process of 
building a floating solar power plant and 
reducing investment costs. Such a solu-
tion is possible due to the fact that indi-
vidual RES technologies are characterized 
by different energy production characteris-
tics and the operation of individual sources 
at full power may occur only within a few 
hours per year (in the case of wind and 
solar power plant configuration). Moreo-
ver, floating PV farms require less space for 
installation compared to their land-based 
counterparts, and no permanent struc-
tures are used in such installations. This 
makes their construction, operation and 
later decommissioning easier. A PV farm 
on water achieves more power per unit 
area due to more densely arranged panels, 
which translates into faster installation and 
lower lease costs.

The partial coverage of a body of water 
also helps to reduce water evaporation . 
This result depends on climatic conditions 
and the percentage of covered area, which 
is important among others for reten-
tion basins and reservoirs for hydropower 
plants,. A floating solar power plant also 
has a 5-20% higher energy production 
due to the cooling effect of the panels on 
the water surface. The cooling mechanism 
is natural, but it can also be intensified 
by actively cooling the PV modules with 
a layer of water or by using submersible PV 
modules. An additional advantage of such 
an installation in an environmental context, 
is the containment of algae blooms, which 

is a serious problem especially in industri-
alized countries. Installation and mainte-
nance are easy, safe and the maintenance 
costs of such an installation are lower than 
photovoltaics on land.

Are you interested in the project? 
Respect Energy will help you go through 
the whole process of installing photovolta-
ics on water - starting with preparing the 
construction concept, consulting and rules 
of operation, preparing full documenta-
tion and supervising the construction of 
the photovoltaic farm on water. 

We are a company with Polish capital, spe-
cializing in electricity trading in Poland 
and other European Union countries. We 
are the only one company in Poland that 
obtains and then sells exclusively energy 
from renewable sources.

Renewable energy is the obvious and only 
choice for us. This allows us and our cus-
tomers to contribute to reducing our car-
bon footprint.

We are one of the largest independent 
players in the domestic electricity market. 
We cooperate with a group of 450 electric-
ity producers in Poland. 

The future with energy is on the water
Respect Energy, having started the 
construction of the largest photovol-
taic farm in Central and Eastern Europe 
with a capacity of 350 MW in Zwar-
towo, is not resting on its laurels and 
is taking up another challenge, namely 
the preparation of floating photovol-
taic power plant projects.

Source: BayW
a r.e
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WUPROHYD design office, as the 
only one in Poland, has devel-
oped and patented this orig-

inal prototype technology for the use 
of sea wave energy to produce electric-
ity.  Its main element comprises an ingen-
ious  wave turbine, i.e. a sea wave con-
verter. At the current stage of the project, 
the technology development maturity level 
is RTL4 (according to the Technology Read-
iness Level), i.e. model tests were carried 
out for two different profiles of the turbine 
rotor. The tests confirmed the assumed 
rotational movement of the turbine rotor 
under the influence of the circular motion 
of water particles. The theoretical efficiency 
was determined at the level of approx. 7%. 
Therefore, the turbine can easily be used to 
directly drive power generators.

Wave turbine operation  
and construction
In the current division of wave converters 
into terminators and attenuators, the wave 
turbine should be classified as a termina-
tor, i.e. it is situated on the long side paral-
lel to the wave crest (trough) and absorbs 
the wave energy in a short time. It is com-
posed of a rotor that rotates in relation to 
a horizontal, stationary axis fixed in the 
supporting structure, which is oriented par-
allel to the wave crest (trough) of the wave. 
The rotor axis is below the water level, ena-
bling it to work fully submerged at a depth 

at which the circulating movement of the 
water particles makes it rotate smoothly. 
The full rotation of the rotor takes place 
in time equal to the period T of the wave 
that moves it, in which it absorbs both the 
kinetic energy and the potential energy of 
the wave motion. Fig. 2 – phase 3 shows 
the depth equal to half the wavelength  
h = L / 2, at which the undulations disap-
pear. This means that most of the wave 
energy passes under the converter turbine, 
therefore a turbine efficiency of approx. 7% 
can be considered as satisfactory. This result 
is believed to be even higher, as model 
studies are planned to optimize the rotor 
profile. In order to increase the amount of 
energy obtained, it will be necessary to use 
several rows of turbines so that each suc-
cessive row takes over some of the energy 
that passes under the previous one. This 
comes down to using the terminator con-
verter in an attenuating configuration.

Obtaining the rotation of the turbine rotor 
under the influence of waves greatly sim-
plifies the process of converting wave 
energy into electric energy. The turbine 
rotor can directly drive a power genera-
tor coupled to it by a simple gearing. This 
is a huge advantage of this solution over 
other existing converters, as they do not 
use the oscillating motion of wave water 
particles to drive power generators. Con-

verters in use today convert wave motion 
into air or fluid motion, by means of which 
they move an air or water turbine, used to 
drive a power generator. As a result, con-
verters available are very complex mechan-
ical devices. 

Energy island – eco-friendly offshore 
power plant 
The use of sea wave energy is still a very 
underdeveloped field. In reality, there are 
no objects that could be called offshore 

Innovative wave turbine – green 
energy from sea waves

Having the needs of our planet in mind, 
a few years ago a group of WUPRO-
HYD’s engineers joined forces and cre-
ated an innovative project of an eco-
logical marine power plant, which 
apart from generating electricity from 
three independent renewable energy 
sources, can be used to produce green 
hydrogen and protect our sea shores. 
The most important component of 
the solution is the wave turbine which 
operates by using the circulation of 
water molecules. The wave turbine is 
groundbreaking project of WUPRO-
HYD design office, thanks to which 
one will be  able to finally harness the 
huge energy resources from sea and 
ocean waves. This new RES can boast 
an estimated capacity of 2.5–3 TW, or 
2,500,000-3,000,000 MW.

Fig. 1. Offshore power plant module – general view

Fig. 2. Phases of turbine rotor rotation under 
wave action

ADVERTORIAL
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power plants as far as installed power is 
concerned. Most of them are just very 
expensive prototypes, with low efficiency, 
recovering a small part of the wave energy. 
The main reason for such state of develop-
ment of offshore energy is the occurrence 
of enormous loads due to wave forces in 
the marine environment, requiring pow-
erful load-bearing structures for devices 
located on the seabed or floating as well 
as very complicated converters. Taking into 
account the very difficult sea conditions 
and having a simple device for convert-
ing the energy of waves, we have designed 
a floating offshore power plant - an energy 
island that enables one to harvest huge 
energy resources of seas and oceans on 
an industrial scale. The invention is a float-
ing object, LCA = ~ 250 m long and BCA 
= ~ 200 m wide, made of three underwater 
hulls with a total displacement of 78,000 
T and a maximum draft of 20 m. The hulls 
are connected by frames and anchored 
to the reinforced concrete anchors lying 
on the seabed. In the space between the 
hulls, perpendicular to them, several rows 
of horizontal axes with converter wave tur-
bines are located. Parallel alignment of the 
turbine axes to the wave crest (trough) is 
performed by automatic shortening and 
lengthening of appropriate mooring lines. 
The total capacity of the installed wave tur-
bines for the conditions in the Baltic Sea is 
1.6 MW. In order to take advantage of the 

capacity of the floating object, a sun-fol-
lowing rotating deck for solar panels with 
an area of 40,000 m2 and a wind tur-
bine with a capacity of 12 MW or much 
more were installed. The capacity of one 
module of the ecological offshore power 
plant in the conditions of the Baltic Sea 
will amount to min. 17 MW, while in the 
North Sea, where the wave energy is much 
greater, the minimum capacity may even 
be as high as 34 MW.

Manufacturing technology
The load-bearing structure of the energy 
island is designed to be self-erecting and 
attached to reinforced concrete anchors. 
The advantage of this solution is that it can 
be folded, built and equipped as much 
as possible in a dry dock, which is ingen-
ious, taking into account its dimensions 
in an open mode – it would be impossi-
ble for the opened structure. In addition, 
such a solution reduces the costs of install-
ing the energy island at sea, limiting the 
use of very expensive floating cranes and 
tugs to the necessary minimum. In order 
to install smaller pieces of equipment, the 
structure is equipped with a crane that 
can move along the track mounted on 
its trusses. Moreover, the very high stabil-
ity of the three-hull structure will reduce 
downtime caused by bad weather condi-
tions related to work at sea. In practice, the 
adopted production technology requires 

only a pontoon and a tug for transporting 
the elements of equipment, which have not 
been installed in a dock. Reinforced con-
crete anchors are also designed to be float-
ing. After being towed to their destination, 
they will be flooded by loading their bal-
last tanks with water. Anchors, if necessary, 
will be lifted by blowing the water from the 
ballast tanks with compressed air.

Advantages of the proposed solution
The energy island designed in the concept 
phase can be characterised  by the following:
• will generate electricity in a predicta-

ble and stable manner from three inde-
pendent renewable energy sources,

• it is made in the “floating” technology 
– floating platforms, unlike the previously 
used foundation solutions used for wind 
turbines placed on the seabed, 

• its structure is independent of the 
depth of the water on which it is to work. 
Increasing the depth is related only to the 
lengthening of the mooring lines, so there 
is no necessity to make a more powerful 
foundation structure,

• it can be located at large distances 
from the shore at great depths so as 
to eliminate the negative impact of its 
view on the landscape, which is associ-
ated only with the cost of laying a longer 
cable, and not with a more powerful 
foundation structure,

• ensures the operation of photovoltaic 
panels at a low temperature, which 
increases its efficiency and allows to 
increase the amount of energy produced 
thanks to the work in a system “keep-
ing up with the sun”, which is unprofita-
ble on land,

• due to its high displacement, it can be 
used to produce green hydrogen,

• absorbing the energy of sea wind waves, 
it can be used to protect the sea shore.

Fig. 3. Offshore power plant module – view of photovoltaic deck structure

Mieczysław Korzeński  
WUPROHYD Ltd. Design office

phone: +48 58 622 37 87
biuro@wuprohyd.pl

Graphics come from the archive of 
WUPROHYD Ltd.

Scan a QR code to find more 
about project!
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With each passing year, the nature 
of the threat we face from cli-
mate change has become ever 

starker. As United Nations Secretary-Gen-
eral António Guterres has warned, “the 
alarm bells are deafening, and the evi-
dence is irrefutable”. To keep the global 
temperature rise below 1.5 degrees Cel-
sius and avert the most devastating effects 
from flood, drought and other natural dis-
asters, policy-makers and scientists agree 
that we need to decarbonise fast. This 
requires a massive scaling up of renewable 
energy capacity. The International Energy 
Agency (IEA) estimates the hydropower 
sector, still the world’s largest renewable 
energy source, will need to almost dou-
ble in size. This means growing installed 
capacity from 1,300 gigawatts (GW) today 
to around 2,600 GW by mid-century. To put 
the scale of this challenge into context, this 
will involve building the same amount in 
the next 30 years as the sector did in the 
previous 100 years. 

Ten years of growth dominated by China
Looking back on the past 10 years in hydro-
power development, it’s clear that the sector 

is in urgent need of a course correction if we 
are to achieve net-zero emissions by 2050. 
In 2013, when IHA published its first Hydro-
power Status Report, our analysts observed 
that “an increasing number of develop-
ers and investors were entering the hydro 
sector or extending their activities beyond 
their own country”. In short, the industry 
was becoming increasingly global in its out-
look, especially across Asia, with developers 
and financiers from China and India driv-
ing investments in Africa, while others from 
South Korea and beyond were investing in 
Nepal, Pakistan and the Philippines. Fast for-
ward to today and the position of China as 
the undisputed world leader in hydropower 
development has been firmly cemented. 
The country has now exceeded 370 GW in 
national installed capacity, with projects like 
the 16 GW Baihetan hydropower project 
reflecting China’s capability in mega pro-
jects. Beyond the domestic market, China 
also continues to play an increasingly impor-
tant role in the overseas financing and con-
struction of projects in emerging economies.
 
Elsewhere, among the top ten countries 
for total installed capacity, India has leapt 

above Japan, while Brazil has overtaken the 
United States as the world’s second largest 
country in capacity terms. Opportunities 
in mature markets like Europe and North 
America have mainly come from mod-
ernisation and retrofitting. In other parts 
of the world, major potential hydropower 
resources remain largely untapped. In the 
continent of Africa there is around 90 per-
cent of untapped potential. 

Just as we should be accelerating, 
we are stalling
So the story of the past decade is of high 
promise but ultimately uneven and lack-
lustre growth. In 2020, global hydropower 
capacity growth was just 1.6 percent – well 
down on the 2.3 percent needed to reach 
the IEA’s net zero pathway. Contrast this 
with the wind sector which grew by a 8 per-
cent, albeit from a much lower base, and 
you can see how investment in hydropower 
is severely lacking. Remove China from the 
global picture and it is much more unbal-
anced – and deeply troubling. Since 2012, 
about 200 GW in hydropower capacity has 
been added worldwide, of which almost 
half came from China. The global growth 
rate (1.8 percent between 2016 and 2020) is 
compressed to less than a percentage point 
when China is taken out of the equation.

This is of significant concern as it belies the 
huge potential for green investment in sus-

A decade of mighty ambition, but faltering growth
Despite hydropower’s importance in addressing climate change, too few projects 
have been commissioned over the past decade. With the launch of the Hydro-
power Sustainability Standard, the sector can now show why it deserves greater 
green investment, writes Roger Gill, President of the International Hydropower 
Association (IHA).

Source: A
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tainable hydropower, with many worthy 
projects waiting to receive the go-ahead. 
In addition to generation, the energy stor-
age and flexibility hydropower provides to 
grids increasingly reliant on variable renew-
able energy is hard to over-estimate. This is 
the forgotten crisis within the climate crisis. 
Just as we should be accelerating in build-
ing clean energy systems, we are in danger 
of stalling for the lack of services that hydro-
power can provide.

Notwithstanding, some important pol-
icy developments over the past ten years 
lead to the conclusion that demand from 
governments for the services hydropower 
provides will increase significantly over the 
coming years. In policy terms, one of the 
high points of the last decade came in 2015, 
when world leaders agreed the Paris Agree-
ment on Climate Change. This year also saw 
governments ink the 17 Sustainable Devel-
opment Goals, covering climate action and 
affordable and clean energy. Initially char-
acterised by critics as unachievable, there is 
now real momentum behind a global effort 
to achieve these targets. 

At the UN Climate Change Conference 
(COP26) in Glasgow in November 2021, the 
number of countries pledging to reach net 
zero emissions by mid-century had reached 
140, covering four-fifths of the world. Many 
of these governments made clear that 
hydropower will form a central plank of 
their renewable energy mix.
 
Going forward, the only acceptable 
hydropower is sustainable hydropower
The International Hydropower Association 
(IHA), representing progressive aspirations 
for the hydropower sector – where compa-
nies are committed to delivering projects 
in a responsible and sustainable way – has 
continued to make the case for hydro-
power over this time, working in collabora-
tion with governments, the financial com-
munity and civil society.
 
IHA has lead the way in promoting under-
standing of sustainability. We have repre-
sented the sector in developing sustain-
ability guidelines and worked with the 
Climate Bonds Initiative to ensure that pro-
jects now qualify for climate financing. We 
also released the Hydropower Sector Cli-
mate Resilience Guide to help the indus-
try robustly face the impacts of climate 
change. Understanding the importance 

of sustainability to hydropower’s future, 
IHA joined with a multi-stakeholder coali-
tion to develop the Hydropower Sustaina-
bility Assessment Protocol back in 2010. It 
quickly became an invaluable tool to guide 
project developers and benchmark their 
performance against accepted definitions 
of environmental, social and governance  
(ESG) performance.

Multiple hydropower projects have now 
been independently assessed against the 
tool, giving greater confidence to their 
investors and local communities that they 
meet minimum performance standards. 
In an effort to make sustainability assess-
ments standard practice in the industry, the 
Hydropower Sustainability Council sub-
sequently launched the Hydropower Sus-
tainability Standard in 2021, the first ever 
sustainability certification and labelling 
scheme for the renewables sector.

Under the Standard, hydropower projects 
can now be awarded a new Certified Sus-
tainable Hydropower label, provided they 
meet strict ESG performance criteria fol-
lowing an independent assessment. It’s 
hard to emphasise the significance of this 
new Standard – it is surely one of the most 
significant developments in hydropower in 
the past 10 years.

Industry giants such as EDF, GE Renewa-
ble Energy and Voith Hydro were among 
the leading organisations to back the new 
certification scheme at the 2021 World 
Hydropower Congress, alongside the IEA 
and former prime ministers Tony Blair and  
Malcolm Turnbull. 

“There will be no excuse for any hydro-
power developer to fall short of interna-
tional good practice,” commented Mr Turn-
bull, arguing the Standard could unlock 
more investment in sustainable hydro-
power. “If governments play their part and 
the private sector commits that no hydro-
power project goes ahead unless it meets 
this standard, then we can contemplate 
a fully green, clean, modern and affordable 
electricity supply by 2050,” he said.

In September 2021, sector stakehold-
ers came together to make the San José 
Declaration on Sustainable Hydropower 
which said that “Sustainable hydropower 
is a clean, green, modern and affordable 
solution to climate change. Going forward, 

the only acceptable hydropower is sustain-
able hydropower”. IHA have committed to  
this Declaration.

It is impossible to reflect on the past dec-
ade without referencing the Covid-19 pan-
demic and the devastating impact it has 
reaped around the world. The past two and 
a half years have been hugely challenging 
for communities everywhere. During this 
time, the hydropower sector’s workforce 
has played a vital role in ‘keeping the lights 
on’. Amid renewed calls for a green recov-
ery, the industry has undeniably demon-
strated its resilience and importance in the 
clean energy transition.

Increasing recognition that water, wind 
and sun gets the job done
As we look to the future, there is increas-
ingly policy recognition that sustainable 
hydropower will undergo a qualitative shift 
over the coming decade. While hydro-
power will continue to provide low-cost, 
reliable electricity in many markets, the 
industry is receiving greater recognition of 
its essential support services for the clean 
energy transition. There is a new momen-
tum behind hydropower as a complement 
to wind and solar power. 

We now need to see much greater, and 
more rapid, growth in new projects being 
approved and commissioned all around the 
world. Investment activity must span a range 
of projects: modernisation, conventional and 
pumped storage, retrofits and hybrids, with 
new developments certified against the 
Hydropower Sustainability Standard. 

This momentum needs to be harnessed and 
steered if climate change – the defining 
challenge of the next decade – is going to 
be addressed. It’s now time to close the gap 
between ambition and reality, and unlock 
the investment that is so badly needed to 
meet our climate goals. A century in the 
making, sustainable hydropower is set to 
make an even stronger contribution.

Roger Gill 
President of the International 
Hydropower Association (IHA)
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On the 4th August 2020 at the PG 
with the presence of HM Rec-
tor prof. Krzysztof Wilde, there 

was the celebration aimed to terminate 
the activity of the laboratory hall and the 
beginning of its demolition. The laboratory 
hall was situated along the Siedlicka street, 
adjacent to the building, in which large 
part of the present Department of Civil and 
Environmental Engineering (WILiŚ) of the 
PG is located.

The celebration was accompanied by the 
present and former employees of the 
Department of WILiŚ and some present 
and former employees of IBW PAN, who 
began here, and often continued over sev-
eral years their scientific careers. Demoli-
tion of the laboratory hall was in a certain 
sense sad celebration, which ended certain 
stage of scientific activity, but on the other 
hand indicated that PG has new developing 
plans and wants to establish in this place 
new better equipped laboratories to face 
contemporary challenges. The world goes 
very fast forward and those who will not 
keep pace must stay behind. It is difficult 
for me to present the new studies of PG, 
which will appear here in near time.

Hydraulics laboratory and its aim
In the Danzig Technische Hochschule, which 
existed here before WW II there was the 
Chair of Hydraulics and Hydraulic Engi-
neering with a small hydraulics laboratory, 
which fortunately was not destroyed during 
the war and immediately when PG started 
its activity the first hydraulic model studies 
were initiated. Here model investigations of 
the modernization of the oldest hydraulic 
project Mylof on the River Brda were carried 
out (the project was commissioned in 1848).

In the beginning of the 50-ties the idea of 
economic use of the Lower Vistula (from 
Warsaw to Gdansk) was formulated mainly 
for the energy and navigation purposes. 

The aim was to produce large amounts of 
electric energy, to supply water for agri-
culture and industry and to form naviga-
tion possibility of the harbors Gdansk, Gdy-
nia with the center of Poland. This aim had 
to be implemented by PG educating engi-
neers and IBW PAN with hydraulics labora-
tory, where hydraulic model investigations, 
connected with the Lower Vistula manage-
ment would be carried out. IBW PAN was 
founded in 1953. The authorities of Poland 
decided to build premises consisting of the 
building in which department of PG would 
be accommodated together with IBW 
PAN with a large laboratory hall. The main 
building was hydraulics laboratory located 
in laboratory hall of important dimensions 
20 by 75 m (photo 1). 

The hall was equipped in a very modern 
style. It had crane, water system equipped 
with pump station, two reservoirs of con-
stant head, system of pipelines supply-
ing models with water, outflow chan-
nels and lower reservoir. There were also 
well equipped workshops: carpenter and 
mechanical, which were indispensable for 
model construction. Construction of the 
Department building and laboratory hall 
were realized by government funds and 
nobody at this time was interested who 
was the owner of these premises. It is fact 
that it was constructed on the terrain of PG, 

but laboratory hall was mainly used and 
administered by IBW PAN.     
There was a very good collaboration 
between IBW PAN and PG. All senior sci-
entific researchers were employed on two 
positions and similar situation was with 
part of assistant researchers. The workshops 
realized projects mainly for IBW PAN con-
nected with construction of hydraulic mod-
els, but also carried out technical works for 
the education purposes of PG Department.

After two years of the existence IBW PAN 
numbered nearly 200 employees and had 
very fast developed activity in soil mechan-
ics and inland and maritime hydraulic engi-
neering. The first director of the IBW was 
prof. Romuald Cebertowicz, being large sci-
entific and organization authority. He was 
a very well known person in scientific and 
engineering field, but also in social and 
political sphere. He was member of the Par-
liament and also the chairman of the chair 
of Hydraulics and hydrology. Due to impor-
tant position of prof. Cebertowicz IBW PAN 
carried out large amount of projects of 
engineering and scientific character, which 
provided large means for the equipment of 
the laboratory in modern apparatus.

Hydraulic model studies in the IBW PAN
In the laboratory hall during 1954–1955 
apart from numerous hydraulic models of 
hydraulic structures special stands were 
developed for student hydraulic studies 
and therefore students of PG Department 
had valuable training in hydraulics. Consid-
erable inflow of hydraulic projects of Polish 
designed structures was commissioned to 
IBW. It was very difficult to accommodate 
new hydraulic models and models which 
were terminated studies had to be fast 
demolished to make place for next mod-
els (photo 2). Sometimes there was prob-
lem of water supply to models which were 
studied in parallel.  This activity  resulted 
in a rapid development of technical and 
workshop staff as well as engineering staff 
which consisted of young and very ambi-
tious scientific workers of PG and the IBW 
PAN. The following problems were solved 
on hydraulic models: discharge capac-
ity of spillways, erosion downstream from 
hydraulic structures, hydrodynamic loads, 
sediment transport and many others. After 

Hydraulic model investigations in the IBW PAN 
during 1954–80

In 1953 it was decided to form the Department of Hydraulic Engineering at the 
Gdansk University of Technology (PG) and the Institute of Hydroengineering 
(IBW) of the Polish Academy of Sciences (PAN) in Gdansk. Proposed large labo-
ratory hall was intended to serve investigations of hydraulic structures and stu-
dent education. In the course of more than 60 years of the existence of this lab-
oratory hall numerous hydraulic structures were studied, but also basic scientific 
research were completed.

Photo 1. The View of laboratory hall in which was 
hydraulics laboratory of IBW PAN

Source: Author's archive
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some time new problems appeared like: 
thermal regime of rivers and reservoirs or 
flow in open channels with various forms 
of ice. Very often these hydraulic studies 
required additional field (in situ) measure-
ments, which needed special equipment 
and organization.

Numerous such studies became the basis 
and beginning of doctors or habilitation 
dissertations. Engineering studies  became 
often very valuable doctor or habilitation 
dissertations, what in an important degree 
increased the prestige of IBW PAN and 
PG. Many stagier s came to the laboratory 
in order to get acquainted with hydraulic 
model investigations.

In hydraulics laboratory of IBW PAN during 
1957–1966 all investigation for Wloclawek 
barrage on the Lower Vistula were carried 
out. This barrage was the first project of the 
Lower Vistula Cascade (photo 4). Studies 
concerning various problems were carried 
out on 6 models. Construction of the bar-
rage Wloclawek was a pioneering hydrau-
lic work of the postwar Poland. Complete of 
the project including technical idea, design, 
studies, materials and work execution of 
the country. Only the turbines were from 
Soviet Union because this type of machines 
were not produced in Poland. On subse-
quent hydraulic models the system of flow 
distribution upstream from the barrage for 
the flow through the weir and powerplant, 
discharge of flood waters through the spill-
ways including ice floes (photo 5), flow in 
barrage cross-section partly closed by the 
cofferdam, in which construction on the 

dry of the weir, powerplant and navigation 
lock was carried out. Navigation lock was 
designed for the passage of 6 million tons 
per year. Hydrodynamic load of the main 
body of the weir and also gates were stud-
ied. Very important was the closure of the 
part of river channel by means of head dam 
after the completion of the weir and navi-
gation lock. These investigations required 
close collaboration with the consulting 
office Hydroprojekt.

As it appeared later the barrage Wloclawek 
was designed and constructed in a correct 
way and there was no problems during the 
exploitation of the whole project and its 
separate parts (weir, hydraulic power plant 

and navigation lock). The only problem was 
the local erosion downstream from the bar-
rage. This was due to the lack of next bar-
rage (Ciechocinek, Nieszawa), which would 
stabilize downstream water level.

During 1960-61 hydraulic model studies 
of the very important hydraulic project in 
Poland, the largest concrete dam Solina 
(photo 3) on the River San were carried out. 
The height of the dam is 80 m. Investiga-
tions included spillways and outlet works 
(fig. 1) as well as stilling basin for energy 
dissipation. Special project, which was 
investigated in the IBW PAN in the years 
1957-1959 was earth dam Tresna, which 
constituted one of the projects of the Cas-
cade of the River Soła. Studies concerned 
an important part of the project - surface 
spillway. Investigations included also outlet 
works and the stilling basin.

A very specific studies were investigations 
of the various systems of river training of 
the Middle Vistula, which were carried out 
in the years 1976–1978 on a spatial model 
outside laboratory hall, because it could 
not be accommodated inside the hall. Four 
different systems of river training were 
investigated and the best one was selected, 
which in the best way reflected the Vistula 
River along this section. Due to a very well 
equipped hydraulics laboratory and out-
standing scientific staff IBW PAN undertook 
several studies for foreign consulting offices 
with the assistance of the Center of Inter-
national Commerce Polservice (photo 7). 

Photo. 2. The view of the interior of hydraulics laboratory from 70-ties filled with models

Photo 3. The view of Solina Dam with spillways, outlet works and hydraulic power plant

Fig. 1. The view of the model of outlet work (vertical cross-section) of the dam Solina
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This activity in the realm of model investi-
gations resulted in studies for several for-
eign projects.

On the International Fair in Poznan the 
Center Polservice advertised their services 
in the form of technical works and tech-
nical consultations. It was proposed that 
IBW PAN will display on the Fairs a hydrau-
lic model Solina with flowing water as an 
advertisement of proposed services. The 
model aroused a lot of interest. In the 
photo a model of the Solina Dam with the 
author of this article  (photo 7). This were 
investigations of hydraulic projects in Iraq 
and Libya in the years 1962 - 1974. The 
difficulty of these projects was the neces-
sity to start in the auctions with well per-
forming laboratories from the Netherlands, 
France, Germany and Great Britain. The 
auctions which were won had to be pre-
sented in the form of Reports in English. 
These were very important organizational 
and scientific tasks  for the young and very 
ambitious scientific staff of the IBW PAN. 

Good scientific collaboration between IBW 
PAN and WILiŚ of PG deteriorated at the 
beginning of 60-ties when regulation was 
introduced that only one permanent post 
of senior scientific staff was possible. All 
senior scientists decided to stay in the PG 
and this way IBW PAN possessed only jun-
ior scientists, who had only doctors degree. 
PG requested also to liberate offices in 
the building adjacent to the laboratory 
hall. Laboratory hall remained, however, in 
the use of IBW PAN, where till the end of 
70-ties was intensively utilized for hydraulic 
model studies. Large part of these studies 
included problems of basic character such 
as thermal regime of rivers, undulation or 
hydraulics of inland and maritime struc-
tures. This resulted in many new doctor or 
habilitation dissertations. 

At the end of 70-ties the amount of new 
hydraulic model investigations decreased 
in Poland, which was connected with the 
state economic crisis and the lack of funds 
for new investments. At the beginning of 

80-ties IBW PAN definitely left laboratory 
hall and moved to the terrain in Oliva which 
was secured for the development of new 
laboratory. The new design of premises of 
the IBW PAN in Oliva was developed with 
a modern hydraulics laboratory and many 
other laboratories, which were intended 
for hydraulic engineering in Poland. Unfor-
tunately the economic crisis deleted this 
investment. Large hydraulics laboratory in 
the open air was created, which fortunately 
found full use for the new studies of har-
bors and river outlets. Therefore with large 
recognition it is necessary to assume the 
idea of farther hydraulic studies in hydrau-
lics laboratory of IBW PAN in Oliva as the 
continuation of former studies.

Retrospection after the dismantling of 
the old hydraulics laboratory
It is necessary to consider and estimate 
whether the constructed at the beginning 
of the 50-ties facilities consisting of the 
office and educational building and lab-
oratory hall fulfilled its expected aims. It 
is without doubt that the office and edu-
cational  building fulfilled, fulfills now 
and will be used in future  for designed 
research and educational aims. Research 
methods, however, changed considera-
bly. Much larger input now have theo-
retical considerations and mathematical 
modeling. This way experimental studies 
using large hydraulic models partially lost  
its significance.  

Laboratory hall, today already dismounted, 
from the beginning, when it was commis-
sioned in 1954 was extensively used by IBW 
PAN till the end of 1980. In the beginning 

Photo 4. The view of Wloclawek barrage on the Vistula

Photo 6. Hydraulic model of the weir and navigation lock in Irak, ready for studiesPhoto 5. The flow over the spillway on the model 
of Wloclawek barrage

Source: IBW
 PA

N
 archive

Source: IBW
 PA

N
 archive

Source: A
dam

 Tom
kiew

icz 



39E W 1/2022 (41)

KNOWLEDGE

mainly studies of new hydraulic projects in 
Poland and student experiments in hydrau-
lics were carried. During subsequent years 
laboratory facilities were used for doc-
tor and habitation theses. Studies carried 
out in the laboratory formed the basis for 
about 20 doctor's thesis and few habita-
tions. Studies for foreign customers began 
to be carried out, which required much 
larger scientific and organizational effort. It 
is worth to direct attention to the constant 
development of laboratory technical back-
ground in the form of specially equipped 
workshops, which could build compound 
models and measurement apparatus. In the 
70-ties there was visible increase of basic 
studies and decrease of investigations of 
engineering character. Why this happened?
At the end of 70-ties and at beginning of 
80-ties important economic crisis of the 

country was observed, which resulted in 
the decrease of new hydraulic projects. 
Despite the increasing importance of basic 
research in the field of hydraulics, to which 
laboratory hall served, there was no jus-
tification for the existence of such large 
research facility. It is worth to mention 
that similar situation occurred in numerous 
renowned hydraulic laboratories in Europe. 
In this case the reason was not economic 
crisis, but the fact, that in Europe most of 
the profitable, from technical point of view, 
locations of hydraulic and hydroenergy 
structures were already used and this way 
amount of studies radically decreased. Sig-
nificant development of theoretical studies 
and mathematical modeling was observed, 
which did not require such important back-
ground in the form of hydraulic laboratory. 
New methods allowed also to increase 

direct in situ measurements that is in scale 
1:1. Similar trend we observed and farther 
we  observe in Poland.

Did hydraulics laboratory 
fulfilled its aim?
In view of dismounting the existent labora-
tory hall, after many years of its existence it 
can be firmly concluded, that studies carried 
out there had significant meaning for eco-
nomic development of the country in the 
form of new hydraulic structures. Important 
significance had also development of basic 
research in hydraulics, which required spe-
cial technical, scientific and organizational 
effort. It is worth to emphasize that this also 
resulted in scientific contacts with numerous 
scientific centers in Europe and in the world. 
Therefore the construction of this hydraulics 
laboratory hall in the beginning of 50-ties 
fulfilled its aim.

In the moment of dismounting the old 
laboratory hall a tear could appear in the 
eye, and the memory recalled  numerous 
studies and persons connected with them. 
Many of them retired or passed for ever. 
After these studies and persons who car-
ried them out remained many publications, 
monographs, books and textbooks. How-
ever, it is not possible to live with the past 
and it is necessary to look in the future.

As the author of this paper during many 
years  I was closely connected with the IBW 
PAN as well as with PG. During two years of 
studies for Master Engineer I was employed 
as assistant in the chair of Geodesy PG. 
After completing my studies at the Faculty 
of Hydraulic Structures I began my scientific 
work in the IBW PAN. In this hydraulics lab-
oratory I worked for more than 20 years. In 
1985 I defended my habilitation at the Fac-
ulty of Hydraulic Engineering PG. In years 
1991–97 after obtaining the scientific title 
of professor I was employed in PG direct-
ing the chair of Hydraulic Engineering and 
Water Resources.

Photo 7. The model of Solina dam presented on the Poznań International Fair
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Ukraine is the 11th country in Europe 
by hydropower installed capacity 
with ten hydropower plants over 

10 MW, four pumped storage power plants 
and about 50 hydropower plants up to 10 
MW which, as of 2020, add to 7350 MW [1].  
Even though it represents more than 13% 
of the country’s capacity, hydropower gen-
eration meets about 5% of the total elec-
tricity demand. Nuclear power plants pro-
vide just over half of the electricity (51%), 
and fossil fuels, particularly coal and gas, 
account for 37% of the electricity genera-
tion. Other renewable energy sources like 
wind and solar have a minimal contribution 
to the electric power supply [2].   

Isolation of the power system
On 24th February, the same day Russia 
launched its invasion in Ukraine, the Ukrain-
ian and Moldovan energy systems had 
planned a disconnection test from the Rus-
sian and Belarusian power grid. The plan 
was to disconnect for three days, but the 
exercise became permanent, leaving the 
Ukrainian and Moldovan energy systems 
operating in isolation. The Ukrainian hydro-
power fleet had the most crucial role in con-
trolling the frequency and load to balance 
the grid and providing emergency reserves 

[3]. Although hydropower’s share of electric-
ity is not of great importance, its ancillary 
services have been essential to the energy 
security and independence of Ukraine and 
proved the grid reliable and stable.

However, the vulnerability under a war-
fare situation called for an urgent request 
to connect to the European power system. 
Ukrainian and Moldovan systems started 
the trial synchronisation with ENTSO-E, the 
European Network of Transmission Sys-
tem Operators for Electricity, on 16th March, 
three weeks after the invasion began [4]. It 
is a significant milestone towards the per-
manent sync with the Continental European 
power system, which in the event of dam-
age to national infrastructure can guarantee 
the security of supply in Ukraine. 

The rivers key for the power supply
The vast Dniester, Southern Bug, and Dnie-
per rivers drain large basins and carry 
enormous volumes of water, enabling large 
power plants’ operations. Especially the 
Dnieper is noted for its dams and hydro-
electric stations as seen on the map, but 
not only. Most importantly, the volume of 
water of these large rivers and the hydro-
power reservoirs provides the ideal con-
dition to supply cooling water for nuclear 
power plants.

The Dnieper River is the fourth-longest 
river in Europe after the Volga, Danube 
and Ural rivers. Born in Russia, it crosses 
Belorussia and then Ukraine from North to 
South, discharging into the Black Sea. It is 
an important navigable waterway for the 
economy of Ukraine and connects to other 
rivers and canals in Europe. The closed 
nuclear power plant of Chernobyl was only 
5 km from the shores of the Dnieper. While 
Zaporizhzhia, the country’s largest nuclear 
power plant (5700 MW), is located on the 
banks of the Kakhovka Reservoir supplied 
by the Dnieper River.

The Dnieper River host the principal hydro-
power plants in the country and plans fur-
ther developments to utilise its untapped 

potential for the use of water resources. 
Downstream from the Kyiv complex formed 
by a hydropower plant and a pumped stor-
age plant, another pumped storage devel-
opment under preparation for construction 
will complement the Kaniv hydropower 
reservoir. The largest hydropower storage 
plants are located in the middle reach of 
the Dnieper River between the industrial 
cities of Kremenchuk, Dnipro and Zapor-
izhzhia. Further downstream, a new hydro-
power storage plant, the Kakhovka-2, will 
add 250 MW of installed capacity. Besides 
electricity generation and navigation, as 
mentioned above, all the hydropower stor-
age plants provide multiple services like 
runoff control, irrigation and water supply 
to the southern arid regions.

The Southern Bug River, the second-long-
est river in the country, procures the South 
Ukrainian Energy Complex water. The com-
plex consists of the South Ukraine, the sec-
ond-largest nuclear power plant (2850 MW), 
the Tashlyk pumped storage power plant 
(not fully operational with only 302 MW of 
installed generation capacity) and the Olek-
sandrivska hydropower station (11.5 MW).
 
A modern hydropower fleet
Ukrhydroenergo, a state-owned company, 
is the leading hydropower generation com-
pany that operates two hydropower cas-
cades schemes in both principal rivers 
counting with ten hydropower stations and 
two pumped storage projects under con-
struction (listed in the table). Being built 
more than 40 years ago and the oldest 
one commissioned in 1932, Ukrhydroen-
ergy undertook a significant programme to 
modernise its hydropower fleet in the last 
decade. It financed the modernisation pro-
gramme using EUR 400 million loans from 
the European Bank for Reconstruction and 
Development (EBRD) and the European 
Investment Bank (EIB), and its own funds [5]. 

Besides extending the lifetime of the gen-
eration equipment by at least 20 years, the 
new state-of-the-art electromechanical 
units increased the reliability and efficiency 
by around 5% and power output by up to 
10%. The modernisation programme also 
included the rehabilitation of the gates for 
safety improvement and the replacement of 
the transmission equipment [6]. Thanks to 
the modernisation programme, the hydro-

What about Ukrainian hydropower plants?
Ukrainian hydropower assets played a vital role in the reliability and stability of the 
electric power supply since the day Russia launched its invasion. On the morning 
of the same day, a three-day test disconnection of the Ukrainian electricity system 
from the Belarusian and Russian power grid became permanent until the urgent 
synchronisation with the European system became effective three weeks later. 
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Fig. 1. Power installed capacity in Ukrainian 
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power assets optimised the operations and 
the use of water resources. Beyond mod-
ernisation, the digitalisation of the facilities 
would have had considerable advantages, 
especially in exceptional situations like 
the present armed conflict. The digitalisa-
tion of the systems can reduce the person-
nel on-site to the minimum or even oper-
ate the plants remotely. Furthermore, it can 
improve coordination in cascade schemes 
and optimise multipurpose reservoirs.

Current operational status of the 
hydropower stations
During the last few weeks, Ukrhydroenergo 
has informed daily that all the hydropower 
stations and pumped storage plants work 
according to the dispatching schedule, reg-
ulating the grid and providing peak load. 
All employees are on their posts at the sta-
tions to ensure the uninterrupted operation 
of the stations [7]. 
 
In this challenging situation, the safety 
of critical infrastructures like hydropower 
and pumped storage plants is essential. 
According to best international practices, 
monitoring programmes and processes 
should continue in place to anticipate and 
respond to emerging risks and monitor 
the assets’ reliability and efficiency perfor-
mance in line with Ukrhydroenergo’s cur-
rent objectives and role in providing ancil-
lary services and emergency reserves [8]. 
The state-owned company, Energoatom, 
whose full name is the National Nuclear 

Energy Generating Company of Ukraine, 
owns the South Ukrainian Energy Complex. 
This complex is only 200 km apart from 
Kherson, a city under Russia’s control at the 
shore of the Black Sea and the delta of the 
Dnieper River. The Russian troops advance 
towards the South Ukrainian Energy Com-
plex. Its operation status is unknown as 
Energoatom’s website, and other media 
channels are down. 

Hydropower assets have proven to be 
critical energy infrastructures, maintain-
ing the Ukrainian power system’s relia-
bility, and securing the electricity supply 
despite working autonomously and wait-
ing for the interconnection with the Euro-

pean system, which became effective on 
trial on 16th March. Ukraine will be able 
to enter the European electricity market 
and be an attractive and reliable partner 
for electricity supply. The new hydropower 
and pumped storage developments align 
with the European decarbonisation plan set 
in the EU Green Deal to achieve net-zero 
greenhouse gas emissions by 2050.

Tab. 1. List of the main hydropower plants 

Fig. 2. Deployment of hydropower plants in Ukraine

Source: Ukrhydroenergo

Source: U
krhydroenergo

Kiev HPP
Kiev PSP

Kaniv PSP
Kaniv HPP

Kremenchug HPP

Middle Dnieper HPP

Dnieper HPP

Kakhovka HPP
Kakhovka HPP2

Dniester HPP
Dniester PSP

7350 MW
Hydropower

installed
capacty

South Ukrainian Energy Complex

Station name Capacity Generation (MW) Type
Year of 
commis-
sioning

Status

Dniester 702 Storage 1981 Operational

Dniester PSP 1368 (2268 in total – generating 
mode, 294 – pumping mode) Pumped Storage 2010

Operational  
partially (fully  
completed by 2028)

Kiev 440 Storage 1964 Operational

Kiev PSP 235,5 – generating mode
137,4 – pumping mode Pumped Storage 1970 Operational

Kaniv 500 Storage 1972 Operational

Kaniv PSP 1000 – generating mode
1040 – pumping modew Pumped Storage – Under construction

Kremenchug 700,4 Storage 1959 Operational

Middle Dnieper 388 Storage 1963 Operational

Dnieper 1 650,6 Storage 1932 Operational

Dnieper 2 927 Storage 1974 Operational

Kakhovka 335 Storage 1955 Dnieper

Kakhovka 2 250 Pumped Storage – Under construction
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The effects of rising air temperature are 
on one hand flash floods and inunda-
tions as a result of heavy rainfalls and, 

on the other hand, long dry periods which 
lead to large scale draughts.

In this article, we present the environ-
mental aspects of vinyl sheet piling man-
ufactured from recycled material in Poland 
by the Pietrucha Group where 100% of 
energy used in the production comes 
from renewable energy sources. Contrary 
to steel sheet piling, the use of PVC pro-
files in hydrotechnical and civil engineering 
projects is marked by significantly lower 
greenhouse gases emissions, lower use of 
natural resources and minimal impact on 
the local ecosystems and human health.

PVC or steel? Comparative analysis of 
environmental impact
In 2019 the scientists from the Faculty of 
Industrial Ecology of the Łódź Technical 
University have carried out comparative 
life cycle assessment (LCA) of vinyl sheet 
piling and steel sheet piling and subse-
quently have calculated the carbon foot-
print of the two products [2]. LCA is one 
of the most advanced environmental 
management tools included in the inter-
national standards ISO 14000. This tool 
is used to determine the environmental 
impact of the various phases of a product’s 

life cycle (from extraction of the resources 
needed to manufacture the product to its 
disposal). The reference value (the so-called 
functional unit) for which the environmen-
tal impact is determined is often the unit 
of the manufactured product or the unit 
function it performs. The life cycle assess-
ment methodology represents a very broad 
approach of environmental impact – from 
the cradle to the grave. As the cradle, the 
processes of extraction of natural resources 
are most often assumed, while the pro-
cesses of waste disposal are the grave. 

The analysis was based on the following 
assumptions: five metre long profiles are 
manufactured in Poland and then trans-
ported to the Netherlands to be used in 
a construction intended to protect a 500 
metre embankment of a canal. Accord-
ing to the investor, the construction was 
intended to last for 50 years. For the pur-
pose of the analysis, the most popular GW 
610 / 6.4 pvc profile was used, since the 
width, strength parameter and low weight 
of this profile type is ideal for such appli-
cations. As far as the steel profiles are con-
cerned, two types of profiles differing in 
wall thickness were compared 7 mm and 
13 mm. The thicker steel sheet piling is 
used in projects where they are exposed 
to expedited corrosion due to differing 
water level. The amount of transport units 
required to deliver the defined quantity of 
profiles is presented in Table 1 below.

It was assumed that the means of trans-
port of raw materials as well as products 
and waste (dismantled sheet piles) are lor-
ries with a load capacity of 24 tons and the 
vehicles meet the EURO 4 emission stand-
ard and are used in European conditions. 
The outstanding data used for assess-
ment was based on the latest data from 
reports on the consumption of energy at 
the raw material production and process-
ing as well as during the manufacturing of 
the respective profiles. The analysis of the 
environmental impact was made using the 

SimaPro 7.3.0. software and the normali-
zation indicators have been determined 
using ReCiPe Endpoint (H) for three end-
points:
• Human health
• Ecosystems
• Resources 

The above indicators do not have a unit 
because the determined environmen-
tal impact is divided by a reference value 
expressed in the same unit in the normali-
zation procedure. The indicator units con-
stitute dimensionless values. Addition-
ally, the environmental impact assessment 
was also determined by the carbon foot-
print method, understood as the total sum 
of the greenhouse gas emissions caused 
directly or indirectly by a product. The 
emission unit is 1t of carbon dioxide equiv-
alent (CO₂ eq). The analysis has proved that 
environmental impact of steel sheet piles 
is from 207% to 807% higher than the one 
calculated for polyvinyl chloride sheet piles 
used in the same project.

According to the certificate issued by the 
Department of Environmental Health and 
Safety, a part of the National Institute of 
Public Health, profiles made of PVC may be 
used in projects to construct drinking water 
reservoirs, which serves as a further argu-
ment confirming the low impact of vinyl 
sheet piles on ecosystems and human health.

Vinyl sheet piling serve the nature well: 
projects overview
Over the past years, vinyl sheet piling were 
in majority used to construct cut-off walls, 
for example to reinforce the water-tight-
ness of flood embankments. Such pro-
jects have been carried out as part of 
actions undertaken to prevent the climate 
change consequences which are becom-
ing more and more intense. When cou-
pled with rapid urbanization, the adverse 
consequences of climate, change, such as 
floods, are threatening densely populated 
regions of the globe. As the area requiring 

Environmental aspects of using vinyl sheet piling
Climate changes have been progress-
ing at an increased pace. According to 
the data gathered by the UE Coperni-
cus Climate Change Service, June 2021 
was the warmest month ever in terms 
of surface air temperature in North 
America and the second warmest 
month ever in Europe [1]. When tak-
ing measures to deal with such inten-
sifying phenomena which take on 
a global character, it is necessary not 
only to effectively mitigate the con-
sequences of climate change, but also 
to select tools and methods that will  
minimize the negative impact of the 
remedial activities carried out on the 
environment. In light of the above, vinyl 
sheet piling used in civil engineering 
and hydrotechnical investments seem 
to be of the solutions worth consider-
ing because of their low carbon foot-
print and the fact that they are manu-
factured from recycled material.

Profile type Distance [km] Weight [kg/m2] Amount of tons to 
be transported [t]

Amount of trans-
port needed [t∙km]

GW-610 / 6.4 1 050 15.92 79.6 83 580

GS 7 mm 1 240 73.5 367.5 455 770

GS 13 mm 1 240 150.7 753.5 934 340

Tab. 1. Weight of the profiles and the quantity of transport units required 

Source: The comparison of the environmental impact of steel and vinyl sheet piling: life cycle assessment study, International journal 
of Environmental Science and Technology. Marcinkowski A., Gralewski J.,(2020). 
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prompt environmental action is expanding 
and more and more people are becoming 
afflicted by adverse consequences of cli-
mate change, the design engineers have 
started to look for solutions and technol-
ogies that would have low environmen-
tal impact when used in projects intended 
to protect the environment. This tendency, 
which has resulted in the growing popu-
larity of vinyl sheet piles, allows for instant 
mitigation of threat with the simultane-
ous care about the future generations by 
way of minimizing the mid- and long-term 
environmental impact. The results of the 
LCA analysis referred to above, serve as 
a perfect confirmation of the above.

Innovative bird islands
The project LIFE.VISTULA.PL carried out in 
the area of the Goczałkowice Reservoir and 
the adjacent ponds, included in the Natura 

2000 zone, serves as an excellent example 
of the arguments referred to above [3]. The 
main objective of the project supervised 
by the Regional Environmental Office in 
Katowice was the protection and improve-
ment of the nesting grounds for 100% of 
population of night heron and 7% of pop-
ulation of common tern in the Upper Vis-
tula River region. In this project, the vinyl 
sheet piling was used to reinforce cause-
ways and especially to construct artificial 
islands for birds. The water level where 
the birds traditionally nested in dry season 
was very low, but in later months, due to 
heavy rainfall, the water level was rapidly 
and radically increasing causing damage 
to the nests. The crown of the wall made 
of PVC piles was erected 3 metres above 
the bottom of the reservoir. The construc-
tion was reinforced with special external 
rings and steel ties were installed in one of 

the rings. As a result an island was created 
where the birds may safely nest during the 
peak water level at the Goczałkowice Res-
ervoir (photo 1).

Addressing the varying ground water 
level in a nature reserve
Vinyl sheet piles were also used in the 
Białe Ługi reserve in the Świętokrzyskie 
Voivodeship in Southern Poland, which 
is also included in the Natura 2000 zone 
(photo 2). As a result of the progress-
ing climate change and aggressive drain-
age, the reserve suffered from rapid low-
ering of ground water level, which caused 
degeneration of animal habitat. In order 
to address this environmental catastrophe, 
the Regional Environmental Office in Kielce 
decided to use vinyl sheet piling to prevent 
the ground water outflow and drainage in 
this valuable ecosystem [4].

In conclusion, it is worth highlighting that 
vinyl sheet piles are highly resistant to envi-
ronmental factors, including UV radiation 
and acidic environment and may success-
fully be applied in innovative applications.

Fig. 1. Summary comparison of the environmental impact indicators for steel and PVC sheet piles

Photo 1. The construction of the bird island on the 
Goczałkowice Reservoir, filling with white washed gravel

Photo 2. A wall made of vinyl sheet piles with a cap 
constructed at the Białe Ługi reserve

Source: The comparison of the environmental impact of steel and vinyl sheet piling: life cycle assessment study, International journal of Environmental Science and Technology. Marcinkowski A., Gralewski J.,(2020). 
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World Water Day 2022
For the first time we celebrated World Water Day (WWD) in 1994 under the head-
line Carrying for water resources is everybody’s business. It is easily to acknowl-
edge that this headline after nearly 30 years is still fully actual. Each year WWD 
was celebrated under different headline. They were connected with surface waters 
(rivers, lakes, artificial reservoirs, channels) and were related to water supply, 
floods and droughts, energy, but also climate, countryside and culture. Only once 
in 1998 the headline of WWD concerned underground water: Underground water 
– invisible resource. It is the fact that the amount of nderground water is many 
times larger than the amount of surface water which is now mainly used.

The headlines of WWD always con-
cerned very important problems of 
water resources management, envi-

ronment, economy or society. It was evi-
dent that none of these problems could 
be solved in a short time and moreover its 
solution will require large financial funds, 
which certainly are not at the disposal of 
many countries. This does not mean that 
these headlines will be forgotten, but it will 
be necessary to return to them, because 
they present problems indispensable for 
further development. This is a special appeal 
to the politicians and decision makers.

Last two years we celebrated WWD under 
the headlines which shift a bit outside 
from inland waters. In 2020 the headline 
of WWD was: Water and Climate and pre-
cisely how expected climate changes will 
influence our water resources and their 
use [2]. In 2021 the headline of WWD had 
quite another aspect than the previous one. 
It was: What does water mean for you [3].

Now World Water Day 2022 will be cele-
brated under the headline: Ground Water 
– making the invisible, visible. This headline 
was proposed by UN Water, perhaps with 
the idea how  groundwater is important for 
the society, economy and nature. In recent 
years there are more and more voices, that 
in many places of the world critical situ-
ations connected with water supply will 
appear. Some of the more pessimistic 
futurologists consider that in a short time 
we may be faced with a global water cri-
sis and that water will be main factor con-
ditioning the existence of our civilization. 
This may appear from the fact, that fresh 
water resources, which are limited, expired 
the possibility to supply water for the soci-
ety. The problem of water supply comes 
from the increasing number of people on 
our globe, water contamination, increasing 
ecological restrictions, limitations in water 
withdrawal (Natura 2000 Programme) or 

increasing demand of water for agricul-
ture. Large resources of fresh water are in 
ground waters. However, up till now it was 
considered that groundwater, of a very 
good quality, should be used exclusively 
for domestic use. Proposing the headline 
for 2022 concerning groundwater it was 
possible to think that reaching for these 
resources, for other purposes than domes-
tic use,  is the only solution against global 
water crisis.  

The state of world water resources and 
water resources management
Taking into account that the total discharge 
of the rivers to the sea is 47 km3 per year 
(hydrological cycle) [1] and the present 
umber of inhabitants on the globe is 7.8 
billion, we will receive the coefficient of 
water availability of the value 6 000 m3 per 
capita and year. This is the average value 
for the whole world which is sufficient for 
normal functioning of water resources 
management. However, this distribution 
is very nonuniform and there are coun-
tries in which this coefficient is very high, 
and countries in which it drops down con-
siderably below the value 1500 m3, which 
means critical state in water supply. In Sep-

tember 2015 General Assembly of United 
Nations assumed the Agenda for Sustain-
able Development to 2030 including all 
spheres of our life. It has 17 Goals of sus-
tainable development, which consist of 
169 connected with them tasks. They have 
to secure balance among three aspects of 
sustainable development: economic, social 
and environmental. 

Among 17 goals there is Goal No 6 – clean 
water and sanitation. It should secure to all 
people access to clean water and appropri-
ate sanitary conditions through sustainable 
management of water resources. This goal 
includes 8 different tasks.

Present information shows that about 2.0 
billion people (nearly 1/4 of the world 
population) has no access to safe drink-
ing water and much greater number has 
no access to appropriate sanitary facilities. 
About 6 thousand children dyes every day 
due to illnesses caused by contaminated 
water and lack of sanitary facilities. In the 
developing countries nearly 90% of sew-
age is discharged directly to rivers (without 
purification), which causes severe prob-
lems of its use. The consumption of water 

Photo 1. 17 Sustainable Development Goals
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during last decades increased much faster 
than the population number. What is most 
important that water has no substitute. 
Many countries survive already water crisis.

Futurologists anticipate the possibility of 
appearance of the global water crisis in the 
near future taking into account the fact 
that outflow of surface waters to the seas 
is constant and the number of inhabitants 
is increasing. This simple analysis indicates 
that basing of world development  on sur-
face waters only is the road to nowhere 
and does not solve the problem of water 
deficiency. Surface water constitutes only 
0.42% (tab. 1) of total fresh water. It is well 
known, that ground waters (water in the 
lithosphere), were up till now, used only in 
a small amount as water for domestic pur-
poses. However, in a much smaller amount 
for agricultural irrigation or in industrial 
processes. In many places  abstraction of 
ground water was illegal. 70% of fresh 
water is  frozen in glaciers and its use is 
thus impossible.

Importance of ground waters
One can ask question: why today during 
severe water crisis situation on the world, 
there is proposal of the headline of WWD 
2022 – Groundwater – making the invisi-
ble visible. The answer in my opinion is 
very simple. The volume of groundwater 
is 70 times larger than surface waters and 
taking into account these waters might 
be the only solution to overcome world 
water crisis. Ground waters are waters of 
a very good quality, what enables to use 
them for various purposes without the 
necessity for its treatment, as it is neces-
sary with surface waters. Maybe presenta-

tion of ground waters as the headline for 
WWD is the introduction to its broader use. 
This action may seem to be simple solu-
tion. However, it is not the case, taking into 
account nonuniform spatial distribution of 
ground waters, its special characteristics, 
complicated conditions of their flow and 
the restrictions of its withdrawal. 

On the presented by UN Water poster 
there are clearly visible two zones of 
the fresh water location. The first zone, 
beneath the earth surface, in which 
there are most of plants roots. This zone 
in hydrology is called unsaturated zone, 
which means that not all soil pores are 
filled with water. In some of them is also air. 
This zone is supplied with water by infiltrat-
ing rain water or by capillary rise from the 
saturated zone located beneath, where all 
soil pores are filled with water. The unsatu-
rated zone has special significance for agri-
culture, because the harvests depend very 

much on the saturation of this zone. In the 
Table it is shown that approximate amounts 
of water in the unsaturated  zone amounts 
to about 0.05% of the total fresh water, 
that is approximately 1/8 of fresh water 
which is in surface waters.   

Water in the saturated zone constitutes the 
basic volume of fresh water, because 70% of 
fresh water is at present frozen in the gla-
ciers. Ground waters in the saturated zone 
are supplied mainly by rain waters, which 
infiltrate through earth surface. We can 
assume that underground waters are renew-
able, because they are supplied by clear 
rain waters and farther supply many rivers, 
streams and torrents, which find their outlet 
in the seas or inland reservoirs. Because of 
small flow velocities of ground waters their 
retention time is measured in several and 
even hundreds of years. There is one more 
important aspect of ground waters, which 
we often do not realize. It appears that in 

Tab. 1. The volumes of water on the globe and their percentage values [1]

Type of water Volume of water
     10⁶  km3

Percent of total 
water

Percent of fresh 
water

Total volume of water on the globe  1386,0  100,0

Total volume of salt water (seas, oceans, under-
ground salt waters)  1351,0  97,5

Total volume of fresh water  35,0  2,5  100,0

Fresh water in glaciers  24,5 70,0

Fresh water in the lithosphere  10,3  29,43

Fresh water in atmosphere  0,014  0,04

Fresh water in rivers, lakes, reservoirs, and 
marshes  0,15  0,42

Water in the soil (unsaturated zone)  0,016  0,05
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ground waters functions very rich life of 
specific flora and bacteria. They must be 
adapted with their size to the space dimen-
sions between elements of rock skeleton 
and the lack of air. The amount of the units 
of the living fauna in ground waters can be 
numbered in thousands. Therefore if we 
plan a broad use of ground waters for social 
and economic  purposes we should take this 
aspect into consideration.

Up till now ground water was used mainly 
as water for domestic use and in a lim-
ited degree for agricultural irrigation. This 
water is located in various geological for-
mations and their flow velocities are very 
small ranging in millimeters per sec-
ond. This way we deal here with laminar 
flow. Location of ground water in the sat-
urated zone is registered by the measure-
ment of water table in the installed pie-
zometers. Waters from the saturated zone 
supply many rivers, streams and torrents. 
These waters constitute the basic water 
source for trees, whose roots are in this 

zone. It is worth to mention that lowering 
of water table below the roots of the trees 
for a longer time will lead to their irrevers-
ible drying. Because of small flow veloci-
ties in the saturated zone, changes of the 
water table are very slow. A very danger-
ous aspect of the ground water manage-
ment is also fact that any contamination of 
these waters will stay for many years.

Every withdrawal of water from the saturated 
zone will influence the system of water table. 
These changes are slow but they achieve 
large distances from the point of water with-
drawal, and form so called depression fun-
nel. These changes have no limits formed by 
the frontiers. Abstract of ground water which 
does not change the system of water table is 
a sustainable abstract.

Final remark
This year headline of WWD which indicates 
that ground waters will allow us to better 
understand  problems of the use of these 
waters for economic, social and ecological 

purposes. World water management which 
is based now on the use of surface waters 
reaches the critical state, and a broader use 
of ground waters becomes a possible solu-
tion. Utilization of these waters requires, 
however, large knowledge and experience. 
This year headline will serve well this aim.  

Prof. Wojciech Majewski
Institute of Hydroengineering 
Polish Academy of Sciences in Gdansk
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