
AArree  HHyyddrrooppoowweerr  PPllaannttss  aa  SSuussttaaiinnaabbllee  WWaayy  ooff  PPrroodduucciinngg  EEnneerrggyy??  
This project will be presented at the Environmental Youth Conference 

in Denmark (July 6 – 12, 2008) by Lucas Oppeneiger and Florian Uhl. 

 
Austria is situated in the heart of Europe and covered with high mountains and deep valleys. 

Nearly 70% of the country’s numerous rivers are used to generate power, as hydropower 

plants are considered sustainable by our government. 

 

Due to global warming, energy companies are currently being forced to build new 

hydropower plants as a measure to decrease CO2-emissions to achieve the aim of the Kyoto 

Protocol. So a lot of mountain streams, like our investigated Granitzenbach, are extremely 

endangered. 

 

The local hydropower plant is considered 

a small one with a capacity of 1450 kW. 

In the following you can see the main 

characteristics:  

 
– MQ (Mean value of annual flow or 

discharge) is 960 l/s 

– MMQ (Mean value of annual minimum 

flow) is 278 l/s 

– The residual water quantity is set by 100 

l/s, which relates to 36% of MMQ  

– The power output (capacity) is about 

1450 kW 

– The expected generated electric energy in a year is about 8,830.000 kWh 

 

On the one hand, ecologists consider MMQ to be the worst problem for organisms in rivers. 

On the other hand, if the residual water quantity corresponds to MMQ, no operation of  HP is 

possible from December till March. Concerning the ecological consequences, in our own 

ecological studies we could observe the following: 

• alteration of biocenosis in the area of the residual water 

• decrease in self-purification 

• reduction of biodiversity in the zones of residual water and neighbouring terrestrial 

ecosystems 

 

The following diagrams show the differences in biodiversity and individual density between 

the area of the nature reserve and the analysed area in Kathal. The nature reserve is situated in 

the upper river and it is a part of the trout region. The clear water runs fast and big stones can 

be found on the bottom. Erosion of finer materials is typical for this region. In the residual 

area downstream of the nature reserve there is less water in the riverbed. The water flow is 

only about 10% of MQ with less turbulence, so there is more sedimentation in the riverbed. 

 

The analysed area in Kathal can be divided into two areas:  

The un-impacted zone in this region has less down-grade, so the water flows more slowly. 

Stones and pebbles dominate on the bottom. The organic particles are smaller and mostly 

covered with bacterial aggregates. Because of penstock to conduct water to the powerhouse 

the water flow in the residual area is only about 5 - 10% of MQ without turbulences, so there 

are good conditions for sedimentation of fine materials. The stones are more and more 

covered by layers of algae. 

 

We also examined different chemical parameters like oxygen content, pH-value and 

conductivity to estimate the water quality and determined the collected bio-indicators by the 

use of trend index schedule for water quality estimation and estimated the pollution zone in 



1,4

5,6 5

1,5

9,4

5

1,7

7,1
6

1,6

28,3

10

1,8
3,3 3

0

5

10

15

20

25

30

Granitzenbach: Water quality

Index of water quality 1,4 1,5 1,7 1,6 1,8

Individual density x 10 5,6 9,4 7,1 28,3 3,3

Biodiversity 5 5 6 10 3

Nature 

reserve I.

Nature 

reserve II.

Nature 

reserve - 
Kathal

Kathal-

residual 

Alteration of abiotic factors

8 8,3 8,3
7,8 7,5

6,4
7,4

6,5

12

16

3,3 3,2

4,5

8
9,2

13,2
13,8 13,5

11,4

9,2
10,1 10,6 10,7

10

8,2

2

4

6

8

10

12

14

16

18

Nature reserve I. Nature reserve II. Nature reserve -

residual area

Kathal Kathal-residual

area

pH Conductivity in µSx10

Temperature (°C) Concentration of oxygen (mg/l)

Saturation of oxygen (%x10)

this way. The alteration of biodiversity and the density of individual species can be seen in the 

following figure.  

 

You can notice that there is 

no significant difference in 

the index of water quality.  

 It increases from 1.4 in the 

nature reserve to 1.8 in the 

residual flow of Kathal. 

Water from this zone is 

generally clean, only slightly 

contaminated and poor in 

nutrients. These conditions 

mainly occur in regions of 

springs or in mountain 

streams. The water is clear 

almost all of the year and rich in oxygen. Otherwise there are great dissimilarities in terms of 

individual density in Kathal. It is between 33 in the residual flow and 283 in the non-impacted 

area.  We also noticed a decrease in biodiversity from 10 to 3 observed species of water 

organisms. So there is a 

huge ecological impact 

caused by the local 

hydropower plant.  

 

In terms of the alteration of 

abiotic factors, we can 

recognise that the pH-value 

is nearly constant. The 

conductivity in the nature 

reserve varies only between 

64 and 75µS, because the 

water is very clear. In 

Kathal, the conductivity is generally higher due to human influences of villages and 

agriculture. The highest conductivity was found in the residual flow in Kathal, where organic 

materials are decomposed by micro-organisms, so that the amount of different ions increases. 

This decomposing process also causes the significant drop of oxygen concentration and O2-

saturation in the residual area in Kathal. In general, we realised that the abiotic factors were 

also badly influenced by the local hydropower plant. 

 

To sum up, in our ecological analysis we noticed the following ecological impacts caused by 

hydropower plants: 

A diversion (run-off river) channels the main part of the river through a penstock and causes a 

great lack of water in the residual zone. Therefore, biotic and abiotic factors have changed. 

The decrease of flow velocity and the increased sedimentation of fine organic materials cause 

more O2-consumption in terms of decomposing processes in residual areas.  Rheophile 

species like stone- and mayflies are specially threatened; they are displaced by non-rheophile 

species like trichoptera. The interstitial water and the biotopes of small fry in the riverbed are 

threatened by the increase of sedimentation. Moreover, we have to expect a decrease of self-

purification and negative influence on water quality. Biodiversity drops in the area of residual 

water and neighbouring terrestrial ecosystems. The residual areas are new biotopes for egrets, 

which endanger the fish population. All in all, it is a negative impairment of nature and 

landscape. 

 

Therefore, it is time to think about sustainable strategies to save energy, so that it isn´t 

necessary to built new hydropower plants to meet our energy needs. In our calculations we 
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compared various forms to illuminate rooms in our houses. On one hand, we took 

incandescent bulbs, and on the other hand, fluorescent bulbs and LEDs (light emitting diodes) 

as energy-saving measures.  

 

This diagram shows the 

demand of hydropower 

plants like that of 

Granitzenbach with a 

capacity of 1.5 MW.   

To illuminate 20.000 

households with 

incandescent bulbs in the 

district of Judenburg we 

need about 24 

hydropower plants like 

that of Granitzenbach, by 

the use of fluorescent bulbs, only 4. So you can recognise the high potential of saving energy 

by the use of alternative methods. No more hydropower plants must be built!  

 

The next figure shows the 

energy consumption of 

an average Austrian 

household during 1000 

hours of illumination. It 

is the same relationship 

as before: By using 

fluorescent bulbs, you 

can save at least 80% 

energy. But the best 

choice to save energy 

would be the use of 

LEDs.  

 
It’s our duty to save the beauty and diversity of our natural areas for future generations. In 

terms of sustainability, the best power plants are the ones that don’t have to be built! 

 

 
        Dir. Mag. Johann Mischlinger 

        Prof. Mag. Jasmin Ressler 

 

 

Special thanks to following organisations for sponsoring our trip to Denmark: 
 

▪ OnTop-WissensWert, Mag. Barbara Pirker, Hans-Kloepferstraße 19, 8750 Judenburg  

▪ Elternverein des BG/BRG Judenburg  

 

 

http://dict.leo.org/ende?lp=ende&p=thMx..&search=light
http://dict.leo.org/ende?lp=ende&p=thMx..&search=emitting
http://dict.leo.org/ende?lp=ende&p=thMx..&search=diode

