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1.

HYDROPOWER KEY FACTS

Within many types of renewables technology nowadays, hydropowe
undoubtedly play a vital role throughout the world. Hydropower provides a
16.4 % of the electricity throughout the world [1]. Indeed, it is the most imp
1 Statements expressed in the paper are author’s own opinions, they
are not binding for
the
renewable
energy
source today. In 2017, hydropower development reached 21
company/institution in which author is employed nor they necessarily coincide with the official
company/institution’s positions.
as seen in Figure 1 due to the continued growth. Pure hydropower capacity
into operation producing 1,267 GW worldwide including 153 GW of pumped
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Figure 1. Hydropower key facts [1]
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Currently, many countries in the world have been using hydropower for
their electricity supply. Moreover, more than 150 countries are reliant on
hydropower to produce their electricity. For instance, Canada, China,
Brazil, and the United States are the countries which utilized hydropower
generation in a wide range because they have the largest hydropower production capacity as seen in Figure 3.
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2.2. Modern energy storage plants
Hydropower plays a significant role in reaching Europe’s climate and
energy target. Notably, hydropower can accomplish the increased development of renewable technologies into the European power grid. The future energy systems in Europe of the wind and solar demands steady capacity and potentiality to stabilize unsteady generation over time varying from
hours to several months. The only configuration of hydropower electricity
storage that is convenient on a large scale is pumped storage. As a result,
pumped storage hydropower provides additional Energy services. A lot of
projects of pumped storage under construction such as in Switzerland and
Portugal, more than 3,000 MW of new capacity was installed.

2.2.1. Avče pump storage plant
One typical example of modern energy storage plant with high head is
project PSPP Avče in Slovenia which generates 426 GWh of electricity
per year. The key advantage of this Power Plant is generating of the so-
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2.4.

it is necessary to use modern information technology with 3D design and
access to Building Information Modeling (BIM). In this way, the younger generations of engineers and consultants communicate with each other and
reduces the possibility of errors in all phases of project implementation.
Different BIM levels can be achieved for different types of projects. Each
level represents a different set of criteria that show a certain level of »maturity«. BIM levels start with 0 and go to 4D, 5D, and even 6D BIM. The
purpose of these levels is to determine how effective, or how much information is shared and managed throughout the process.

Case study turbine refurbishment – HPP Zakučac, Croatia

Level 0 BIM does not apply to co-operation at all. If you are using 2D CAD
and working with drawings and / or digital prints, you can say that you are
In the case of HPP Zakučac, special approach was implemented by
at level 0.
performing so called independent competitive tests by two of biggest turbine

manufacturers, Alstom Hydro now GE Hydro and Voith Hydro. The winner of the
model tests competition performed in laboratory of Turboinštitut was Voith Hydro.
As a result of such approach turbines at units A&B units were upgraded with peak
efficiency more than 95,7% with weighted prototype efficiency more than 95%.
These are extraordinary results of turbine refurbishment, unique in this part of
Europe. Some moments from model tests are given in Figure 8.
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Using 3D CAD for conceptual work, but 2D for producing production information and other documentation, probably means you are working at
level 1 BIM. At this level, CAD standards are managed in accordance with
BS 1192: 2007, and electronic data sharing is performed by the common
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data environment (CDE) commonly run by the performer. Many companies
are at BIM level 1, which does not involve much collaboration, and each
participant publishes and manages their own data.
Level 2 BIM begins with the addition of documentation in a collaborative
environment. Level 2 of the BIM became a mandatory requirement in April
2016 on all publicly announced projects in the UK. At Level 2, all team
members use 3D CAD models, but sometimes not in the same model.
However, the way in which information is exchanged distinguishes it from
other levels. The information about the design of the built-in environment
is shared through the normal file format. When companies combine this
with their own data, they save time, reduce costs and eliminate the need
for processing. Because data is shared in this way, CAD software must be
able to export to the usual file format, such as IFC (Industry Foundation
Class) or COBI (Building Operations Build Information).
BIM level 3 is still collaborative. Instead of each team member working in
their own 3D model, level 3 means that everyone is using one, common
project model. The model exists in a »central« environment and everyone
can access it and change. This is called Open BIM, which means that
another layer of protection is added against the conflict, adding value to
the project at each stage. The UK Government has even pledged that level
3 of BIM would be a prerequisite for all projects in the coming years.
Because of the clear advantages, it is certain that BIM will remain. It has
defined goals that are obviously beneficial for all those who work their way
through the levels. Without a doubt, the future of construction will be even
more collaborative and digital. As BIM is becoming more and more sophisticated, 4D (add-on time component), 5D (added component costs),
and even 6D (maintenance and running of already-built projects), BIM will
play a leading role in this construction process. Furthermore, worldwide
there is an attempt to reduce waste in construction. Much is attributed to
the inefficiency of the supply chain, conflicts and processing. Cooperating
in the BIM environment, it all becomes less likely, setting the stage for a
better tomorrow.

The experience of the Smisto Hydropower (Fig. 9) project shows that the
construction of a site without 2D drawings benefits from improved interaction of all parties in the project. By overcoming not only technical challenges, but also challenges with changed working methods, implementation
and adoption of a process based on 3D models, it is seen that the project
has a better design, mutual understanding between the parties, flexibility
and economy compared to the work with conventional 2D documentation.

2.6. Contracting the hydropower
projects
Key for successful realization of the hydropower projects is the contracting
of projects. The big dilemma is whether to have EPC (Engineering, Procurement, and Construction) contracts (turnkey) a responsibility in one place
(single point of responsibility) or to deal with separate lots of the contracts
and to engage their employees to control realization in order to minimize
risk.
EPC contracts are effective but also sensitive subjects that require high
level of consulting and adequate risk management methods. It is the most
commonly used contract process for the development of large hydro
power projects.
EPC contracting is a chance for projects mainly because of its ability to
minimize the duration of a project when is properly managed.
In that sense, the use of FIDIC’s (International Federation of Consulting
Engineers) so-called “standard package” (e.g. Red, Yellow, Silver, Gold,
Green Paper) offers the following advantages:
•

internationally recognized,

•

provides a standard framework, hence a common language for contractors, employers and engineers,

and processing. Cooperating in the BIM environment, it all becomes less likely,
•
determines the general design, supply and quality commitments,
setting the stage for a better tomorrow.
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Figure 9. Case study turbine refurbishment, Smisto, Norway [4]
The experience of the Smisto Hydropower (Fig. 9) project shows that the
construction of a site without 2D drawings benefits from improved interaction of all
parties in the project. By overcoming not only technical challenges, but also
challenges with changed working methods, implementation and adoption of a
process based on 3D models, it is seen that the project has a better design, mutual
understanding between the parties, flexibility and economy compared to the work
with conventional 2D documentation.
2.6.

Contracting the hydropower projects

Key for successful realization of the hydropower projects is the contracting of
projects. The big dilemma is whether to have EPC (Engineering,
Procurement, and
Figure 10. Newly developed runner, D = 7,2 m
Figure
10. point
Newlyofdeveloped runner, D = 7,2 m
Construction) contracts (turnkey) a responsibility in one place
(single
responsibility) or to deal with separate lots of the contracts and to engage their
During
initial
project
a new
shapewasofprothe runner
During
the initialstage
stage ofofthethe
project
a new shape
of the runner
employees to control realization in order to minimize
risk. the
with
quitehigh
different
approach toto
blade
design as
the existing
EPC contracts are effective but also sensitive
subjects
that
require
level
proposed,
with posed,
quite
different
approach
blade
design
as ones.
the existing o
between the two is shown in Fig. 11.
of consulting and adequate risk management
methods.between
It Comparison
is thethe
most
commonly
Comparison
two
is shown in Fig. 11.
used contract process for the development of large hydro power projects.
Figure 9. Case study turbine refurbishment, Smisto, Norway [4]
EPC contracting is a chance for projects mainly because of its ability to
minimize the duration of a project when is properly managed.
In that sense, the use of FIDIC's (International Federation of Consulting
Vesko Djelić, Igor
Kern, Zlatkopackage"
Peršin, Matic Ocepek,
Trends in
Hydropower,
Journal of
Energy,Green
vol. 70 Number 2 (2021) Special Issue, p. 17–23
Engineers)
so-called
"standard
(e.g. Red,
Yellow,
Silver,
Gold,
20
Paper) offershttps://doi.org/10.37798/202170255
the following advantages:
• internationally recognized,
• provides a standard framework, hence a common language for contractors,

t, Smisto, Norway [4]

Figure 10. Newly developed runner, D = 7,2 m
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Comparison between the two is shown in Fig. 11.
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Figure 13. Optimization of guide
vanes position

Figure 14. Optimization of runner
hub and inner cone

Figure 13. Optimization of guide vanes position

CFD Model
NUMECA, 20 M elements
Figure 15. CFDFigure
Model –15.
NUMECA,
20 M–elements
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Following the wicket gate optimization,
the
final shape
of the runner hub
Figure 15. CFD Model
– NUMECA,
20 M elements
together with blade profiles were determined as seen in Fig. 13. During this phase
numerous variants and combinations were considered and tested with the goal of
10
achieving the best possible outcome according to the specified guaranteed values.
Numerical analysis (CFD) was used extensively during the development
phase (Fig. 15, 16) using NUMECA software. HEXPRESS and AutoGrid modules
were used for generating hexagonal mesh with excellent mesh metrics and low
element count. FINE/Open software was used for solver with k-ω SST turbulence
model. Total number of CFD checked designs were 39. For all 39 geometries,
efficiency curve for nominal head from low to high discharge was calculated, to
ensure optimal curve shape. After confirming the final geometry, additional
calculations for multiple heads were done. At the initial development phase, the
calculations were done using the steady state approach. Final geometry was then
checked by the unsteady analysis with a few revolutions of runner at a very small
rotation step. Pressure fluctuations and cavitation phenomena were also analyzed
in several operational regimes using the unsteady flow model.
Figure 16. Results of CFD calculations
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Figure 16. Results of CFD
calculation
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Model testing was performed in the hydraulic laboratory of ČKD in Blansko,
Czech Republic (Fig. 17) on the new upgraded vertical test rig. Testing was carried

odel testing was performed in the hydraulic laboratory of ČKD in Blansko,
public (Fig. 17) on the new upgraded vertical test rig. Testing was carried
testing was performed in the hydraulic laboratory of ČKD in Blan- Based on the results of this measurements, the properties of the prototype
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sko, Czech Republic (Fig. 17) on the new upgraded vertical test rig. Testing may therefore be determined quite accurately with appropriate scale-up
was carried out with high accuracy and repeatability, also in compliance
procedures for all the parameters where the similarity conditions are valid.
ents, stated
in the IEC 60193 standard.
with all the requirements, stated in the IEC 60193 standard.
As shown on Fig. 18, measured efficiency is well above the guarantees.
Values have also been confirmed during the acceptance testing.

18, measured efficiency is well above the guarantees. Values have also been
confirmed during the acceptance testing.
Figure 17. Turbine model installed on the test rig

Figure 17. Turbine model installed on the test rig
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Figure 18. Turbine relative efficiency results from the model testing
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Hydropower is the most important renewable energy source today.

3. CONCLUSION
Hydropower is the most important renewable energy source today.
Recently, the investment is focusing on low head projects, pumped storage projects, refurbishment and modernization projects to boost the lifespan and the efficiency.
Experience from Smisto Hydropower project in Norway and many current
projects in Europe shows the possibility of construction of a hydroelectric
power plant without 2D drawings – documentation.
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